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Abstract
Introduction: Bacterial challenge in periodontal diseases activates both local and systemic immune responses of a macroorganism 
by increasing multiple proinflammatory factors that can be discovered in gingival crevicular fluid (GCF) and in saliva. We tested the 
hypothesis that IL-1β concentration in GCF and saliva correlates with periodontal health and diseases. 

Materials and methods: The study included 62 people (mean age 36±14 yrs), divided into three groups – patients with periodontitis 
(24 people), patients with gingivitis (19 people) and periodontally healthy people (19 people). Saliva and GCF samples were taken from 
all participants and the levels of IL-1β in all samples were determined by ELISA.

Results: IL-1β concentrations in GCF of healthy individuals were significantly lower than the IL-1β concentration in GCF of patients 
with gingivitis (p=0.009) and with periodontitis (p<0.0001).

The IL-1β concentrations in the saliva of healthy individuals were significantly lower than the IL-1β concentrations in the saliva of pa-
tients with gingivitis (p=0.002) and patients with periodontitis (p=0.025).

Conclusions: Based on the obtained results, IL-1β concentrations in GCF and saliva may be proposed as additional diagnostic criteria 
of inflammation in periodontal tissues, both at initial diagnosis and at diagnosis of recurrence of periodontitis, but further studies are 
needed to verify them as markers of periodontal diseases.
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INTRODUCTION

Periodontitis is a chronic multifactorial inflammatory di-
sease associated with dysbiotic plaque biofilms and charac-
terized by progressive destruction of the tooth-supporting 
apparatus. Its primary features include loss of periodontal 
tissue support manifested through clinical attachment loss 
(CAL) and radiographically assessed alveolar bone loss, 
presence of periodontal pocketing and gingival bleeding.1 
The prevalence of periodontal disease around the world 
is reported to vary between 6% and 50%.2 In modern li-
terature, periodontal diseases are presented as infectious 
diseases caused by bacterial biofilm attached to the root 
surface of teeth.3 The periodontal lesion is considered a 
continuously renewing source for systemic spread of bac-
terial antigens and gram-negative bacteria, which leads to 
the activation of a local and systemic immune response 
by the macroorganism, causing the increase of production 
of multiple proinflammatory factors (cytokines, chemoki-
nes, etc.) and mediators of tissue destruction.4,5

The conventional methods for periodontal diagnosis 
most often include measuring of pocket depths, clinical 
attachment loss, bleeding on probing and x-ray findings of 
bone loss. These data reflect the severity of the periodon-
titis and the changes which were caused as a result of the 
disease’s development in the past; however, they cannot 
rate the disease’s activity at the moment of examination.6 
There is a need to introduce a new diagnostic approach 
with options to define the changes which are happening 
at a precise moment in the periodontal complex, to esta-
blish disease initiation, to predict the risk of the disease’s 
progression in a certain site and for justifying an indivi-
dual approach for treatment and monitor the periodontal 
disease.

Oral liquids – gingival crevicular fluid (GCF) and sa-
liva are used as diagnostic substrates for discovering bio-
markers. A biomarker is a substance which is objectively 
measured and evaluated as an indicator of a normal biolo-
gical process, a pathological process, or a pharmacological 
response to a therapeutical intervention.7 For now, perio-
dontal biomarkers are not part of the standard diagnos-
tic and treatment process, because of the insufficiency of  
research in this field.8-10 Many case-control, cross-sectio-
nal and longitudinal studies have shown that IL-1β in sa-
liva and in GCF increases in periodontal diseases and re-
flects the progression of periodontal disease.11,12 Salivary 
IL-1β relates in a dose-dependent manner to the severity of 
the periodontal disease and is reduced after the initial pha-
se of periodontal treatment.13 But there are contradictory 
data – mean salivary levels of IL-1β and others cytokines 
could not discriminate periodontal health and disease.10

In the present study, we tested the hypothesis that IL-
1β in GCF and IL-1β in saliva correlates with periodontal 
state – health, gingivitis, and periodontitis.

MATERIALS AND METHODS

Subject population and study design

This was a cross-sectional, parallel-group study. The study 
involved 62 people (24 men and 38 women), aged 18 to 75 
years (mean age 36±14 years) who were admitted for oc-
cupational prophylaxis and treatment in the Department 
of Periodontology at the Faculty of Dental Medicine, Me-
dical University – Sofia. The patients included in the study 
were over 18 years old, in good general health, had at least 
18 teeth in their mouth, and had not received periodontal 
treatment in the last six months. Patients who had received 
antibiotics, glucocorticosteroids, inhibitors of cyclooxyge-
nase, and bisphosphonates for less than six months before 
the study did not participate in the study.

Only subjects who were ambulatory and volunteered to 
visit the Faculty of Dental Medicine in Sofia were inclu-
ded. The research was ethically conducted according to the  
Helsinki Declaration of World Medical Association. The 
Institutional Council on Medical Science of Medical Uni-
versity – Sofia approved the study protocols including the 
recording of clinical measurements and collection of GCF 
and saliva samples. All subjects signed informed consent 
prior to entry into the study.

Clinical exam

All participants received a clinical periodontal examinati-
on, which includes papillary bleeding index (PBI), hygie-
ne index (HI), periodontal pocket depth (PPD), clinical 
attachment loss (CAL), presence of Furcation defect (F), 
bleeding on probing (BOP) and orthopantomography. The 
participants in the study were divided by clinical and ra-
diological criteria into three groups – patients with peri-
odontitis (24 people), patients with gingivitis (19 people) 
and periodontally healthy people (19 people).

The patients with periodontitis had at least six sites with 
at least six affected teeth in the six sextants of the denti-
tion with clinical indicators for periodontitis. Each affec-
ted site had PPD≥5 mm and CAL≥1 mm. BOP≥20% from 
all investigated sites in a patient (six sites per tooth) were 
investigated. Radiological evidence for bone loss was the 
interdental alveolar crest level’s localisation on more than 2 
mm apically from the cementoenamel junction of the teeth 
(2 mm apically from the cementoenamel junction of the 
teeth is a normal level).14

Patients from the gingivitis group had a PBI>30% from 
all examined sites which corresponds to a generalized gin-
givitis and an average value of PBI>1, had PPD≤4 mm 
at every site without any sites with attachment loss, and 
without any radiologically pronounced bone loss.

The healthy patients had a PBI≤10% at all examined sites 
and the average value of PBI≤0.1, PPD≤4 mm at every site, 
lack of sites with attachment loss, lack of bone loss.
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Saliva samples collection

Saliva samples were taken from all participants. No inter-
ventions were done in the mouth before collecting the sa-
liva sample. Non-stimulated whole saliva was collected in 
accordance with Navazesh’s method15 and was modified in 
accordance with IARC – International Agency for Research 
on Cancer. (Collecting and Processing Saliva. The Molecu-
lar Methods database. Wed, 12/19/2012). Individuals spat 
into the container at least once a minute for 10 minutes. 
Around 6 ml of the whole saliva was collected. The contai-
ners with saliva were placed in a vessel filled with ice during 
collection and during the transportation of the material to 
the laboratory. In the immunologic laboratory, the material 
was centrifuged at 2600×g for 15 minutes at 4°C. The su-
pernatant was collected in a new cryo tube which contains 
a solution of lyophilized protease inhibitor (SigmaFast Pro-
tease inhibitor, Sigma-Aldrich Co, St. Louis, MO, USA) – 1 
µL of a protease inhibitor for every mL of saliva. All sam-
ples were stored in a freezer at temperatures of -80°C until 
it was time for analysis of the quantity of IL-1β using ELISA 
(Human IL-1β ELISA, Diaclone, Besancon Cedex, France).

Gingival crevicular fluid samples 
collection

During the same visit, but after saliva was collected, GCF 
from six periodontal sites from every person was also ob-
tained. The predetermined sites had standard parameters 
that were defined for each clinical group. The collection of 
GCF was performed using six different microcapillary pi-
pettes (Microcapillary tube, calibrated 1-5 µL, Sigma-Ald-
rich Co, St. Louis, MO, USA) for every patient, after isola-
ting the corresponding section with a lignin roll, drying the 
surface with a mild stream of air from the dental unit and 
supragingival plaque removing with a periodontal curette. 
The microcapillary pipette was placed extracravicularly 
in contact with the tooth for 5 minutes, without touching 
the marginal gingival. One µL was required to be collected 
from each site. The microcapillary pipettes with GCF were 
immediately transported to the immunological laboratory. 
The subsequent process included ejection of the exudate in 
a 1.5 mL test tube, an addition of a 1 mL Phosphate buffer 
solution and freezing in a freezer at -80°C until the mo-
ment of the study. The laboratory study includes a quanti-

tative determination of IL-1β through the ELISA method 
(Human IL-1β ELISA, Diaclone, Besancon Cedex, France). 
No damage or unintended effects of the interventions were 
expected in each group participants.

Statistical analysis

Data analysis was performed using relevant medical statis-
tical analyses. The outcome variables evaluated in this stu-
dy are clinical parameters and mean IL-1β levels in GCF 
and saliva for each patient. Values for each clinical para-
meter are averaged across the individual and then averaged 
among the individuals separately for gingivitis, periodon-
titis, and periodontally healthy groups. The test of norma-
lity (Shapiro-Wilk) of the distributions of immunological 
parameters in the groups of periodontally healthy, gingivi-
tis and periodontitis showed that the distributions did not 
appear normal. Therefore, a comparison of the differences 
in immunological parameters between periodontally healt-
hy, gingivitis and periodontitis was performed using the 
non-parametric Mann-Whitney U-test. The test compares 
the mean ranks of a variable in the two groups. A higher 
average rank in one sample indicates that the observations 
in that sample tend to have larger values in the population 
from which the sample was drawn.

The hypothesis tested (the null hypothesis) is that the 
mean ranks of the variables in the two groups are equal. 
The null hypothesis is rejected if p <0.05.

RESULTS

All participants in the study groups were included in the 
analysis (Table 1). The IL-1β concentration in GCF in 
group of healthy individuals were significantly lower than 
the IL-1β concentration in GCF in group of patients with 
gingivitis (Mann-Whitney test, p=0.009). The IL-1β con-
centrations in the GCF in group of healthy individuals were 
significantly lower than the IL-1β concentrations in GCF 
in group of patients with periodontitis (Mann-Whitney, 
test p<0.0001). We did not found a significant difference 
between the IL-1β concentration in GCF in the group of 
patients with gingivitis and in group of patients with perio-
dontitis (Mann-Whitney test, p=0.463). The IL-1β concen-
trations in saliva in the healthy individuals were significant-

Table 1. Concentrations of IL-1β in saliva (pg/ml) and in GCF (ng/ml) 

Healthy periodontium
n=19

Gingivitis
n=19

Periodontitis
n=24

Range in concentrations of IL-1β in GCF, ng/ml 86.1 – 2.4 = 83.7 128.2 – 7.4 = 120.8 129.9 – 7.8 = 122.1
Mean IL-1β in GCF, ng/ml±SD 22.1 (±20.85) 51.3 (±41.61) 58.1 (±37.95)
Median of IL-1β in GCF, ng/ml 15.4 32.2 52.4
Range in concentrations of IL-1β in saliva, pg/ml 487 – 45 = 442 491 – 69 = 422 491 – 77 = 414
Mean IL-1β in saliva, pg/ml±SD 163 (±146) 303 (±146) 268 (±189)
Median of IL-1β in saliva, pg/ml 118 305 148
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ly lower than the IL-1β concentrations in saliva in group of 
patients with gingivitis (Mann-Whitney test, p=0.002). The 
IL-1β concentrations in saliva in group of healthy individu-
als were significantly lower than the IL-1β concentrations 
in saliva in the patients with periodontitis (Mann-Whitney 
test, p=0.025). We did not find a significant difference in 
the IL-1β concentrations in saliva in the patients with gin-
givitis and in the patients with periodontitis (Mann-Whit-
ney test, p=0.434).

Our results show that there are considerable variations 
of the levels of IL-1β in saliva and IL-1β in GCF in group of 
people with healthy periodontium, in the group of patients 
with gingivitis, and in the group of patients with periodon-
titis.

DISCUSSION

Gingivitis and periodontitis begin with inflammation of 
gingival tissue due to bacterial challenge. It is known that 
IL-1β is a key cytokine in the pathogenesis of periodontal 
disease; it is produced by many immune cells and medi-
ates the inflammatory response. Elevation of IL-1β level in 
oral fluid is expected in patients with periodontal disease in 
accordance with the inflammatory process. Its presence in 
high concentrations in GCF in patients with periodontitis 
has been demonstrated.16,17 According to some studies, IL-
1β is one of the markers that differs clearly in its saliva con-
centrations in patients with periodontitis compared with 
healthy individuals.13 Recent data indicate that IL-1β, the 
macrophage inflammatory protein-1 alpha (MIP-1α), IL-6 
and matrix metalloproteinase-8 (MMP-8) are identified as 
diagnostically acceptable biomarkers for periodontal di-
sease.18 There are also studies which do not confirm this 
finding. In determining the IL-1β concentrations in saliva 
of patients with periodontitis and in healthy individuals, 
this interleukin cannot definitively distinguish periodon-
tal health from disease.10,19 We found significantly higher 
mean rank salivary and GCF concentrations of IL-1β in 
patients with overt periodontitis as well as with gingivitis 
compared to healthy subjects, confirming its importance in 
differentiating periodontal health and disease.

A significant correlation has been found in previous 
studies between concentrations of IL-1β in saliva and the 
parameters of inflammation in periodontitis, including 
bleeding on probing.20 However, we found no study that es-
tablishes different concentrations of IL-1β in GCF or IL-1β 
in saliva in patients with gingivitis in comparison to those 
who are healthy. Our results of significantly higher values 
of IL-1β in GCF and IL-1β in saliva in patients with pla-
que-induced gingivitis compared with healthy individuals 
allows us to differentiate the gingival inflammation from 
health even before periodontal destruction has begun.

Other studies show that salivary levels of IL-1β correlate 
with the clinical parameters of periodontal disease, such as 
bleeding on probing, the gingival index, the clinical attach-
ment loss, and the alveolar bone loss.13,20,21 The IL-1β levels 

change with the severity of the disease and decrease sig-
nificantly after treatment of periodontitis.13,22 In our study 
we did not find a significant difference in the concentra-
tions of IL-1β in GCF and IL-1β in saliva in patients with 
plaque-induced gingivitis and patients with periodontitis. 
Based on our results, we cannot propose the parameters 
IL-1β in GCF and IL-1β in saliva to be regarded as criteria 
for differentiation of gingivitis and periodontitis. An im-
portant result, however, is the significant difference in IL-
1β concentrations in the studied biological fluids between 
patients with periodontal health and periodontal disease, 
which may be useful criteria for differentiation of these 
conditions.

Similar to other authors13,23, our study also identifies 
large variations in the levels of IL-1β in GCF and IL-1β in 
saliva in each study group. The independent use of levels 
of IL-1β in the GCF and IL-1β in saliva is not a sufficiently 
indicative marker for distinguishing gingivitis and peri-
odontitis, but it is an indicator that can be considered as 
an additional marker in differentiating periodontal health 
from periodontal disease.

CONCLUSIONS

Based on the obtained results, the concentrations of IL-1β 
in GCF and IL-1β in saliva may be suggested as additional 
diagnostic criteria for objectifying inflammation in perio-
dontal tissues, both at initial diagnosis and at diagnosis of 
recurrence of periodontitis, but further studies are needed 
to verify them as markers of periodontal diseases.
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Резюме
Введение: Бактериальная инфекция при пародонтозе активирует как местные, так и системные иммунные ответы макро-
организма за счёт увеличения количества провоспалительных факторов, которые можно обнаружить в жидкости десневой 
борозды (ЖДБ) и слюне. Мы предположили, что концентрация IL-1β в желудочно-кишечном тракте и слюне коррелирует со 
здоровьем и заболеванием пародонта.

Материалы и методы: В исследование включены 62 человека (средний возраст 36 ± 14 лет), разделённых на три группы – 
пациенты с пародонтитом (24 человека), пациенты с гингивитом (19 человек) и пародонтально здоровые люди (19 человек). 
У всех участников были взяты образцы слюны и ЖДБ, и уровни IL-1β во всех образцах были определены с помощью ELISA.

Результаты: Концентрации IL-1β в желудочно-кишечном тракте здоровых людей были значительно ниже, чем концентра-
ции IL-1β в желудочно-кишечном тракте пациентов с гингивитом (p=0.009) и пародонтитом (p<0.0001).

Концентрации IL-1β в слюне здоровых людей были значительно ниже, чем концентрации IL-1β в слюне пациентов с гингиви-
том (p=0.002) и пациентов с пародонтитом (p=0.025).

Заключение: На основании полученных результатов концентрации IL-1β в ЖДБ и слюне могут быть предложены в качестве 
дополнительных диагностических критериев воспаления пародонта как при первоначальном диагнозе, так и при диагностике 
рецидивирующего пародонтита, но для этого необходимы дополнительные исследования, чтобы верифицировать их в каче-
стве маркеров заболеваний пародонта.
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жидкость десневой борозды, интерлейкин-1 бета, заболевания пародонта, слюна
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