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A b s t r ac t
Aim and objective: The purpose of this study was to assess and compare the interleukin 6 levels in gingival crevicular fluid and periodontal
ligament before and after application of the orthodontic force.
Materials and methods: It is a split mouth study where the gingival crevicular fluid (GCF) and periodontal ligament (PDL) samples of 20 individuals
were collected from control and experimental site. GCF samples were collected using 1–5 μL calibrated volumetric microcapillary pipette.
PDL samples were collected from the extracted tooth, and PDL tissue was scraped using Gracey curette and was immediately transferred to
Eppendorf microcentrifuge tubes (Sigma–Aldrich; St. Louis, MO, USA). The collected samples were stored at −80°C for further analysis using
ELISA kit (Human IL-6 ELISA MAXTM Delux-5 plates) and the optical density was recorded at 450 nm.
Result: In the study it was observed that there was an increase in IL-6 concentration in the PDL in the experimental group (3rd day of force
application). The concentration of IL-6 was recorded after 3rd day of force application between the experimental groups of PDL and GCF and
an increase in the levels of IL-6 was noted. The increase in the level of IL-6 in these groups was statistically insignificant.
Conclusion: The study depicted similar concentration level of IL-6 in GCF and PDL on the 3rd day of application of orthodontic force. Therefore,
GCF can be used as a biomarker in the assessment of IL-6 for up to 3 days of force application instead of PDL.
Clinical significance: GCF can be assessed to know the concentration of cytokines (IL-6) upto 3 days of force application in the PDL, as collection
of GCF is a non-invasive technique.
Keywords: ELISA, Gingival crevicular fluid, Interleukin 6, Orthodontic force, Periodontal ligament.
World Journal of Dentistry (2022): 10.5005/jp-journals-10015-1891

Introduction
Tooth movement is influenced by the application of force on
periodontal ligament (PDL) and remodeling of alveolar bone. In
PDL tissue, the inflammatory process is initiated when a mechanical
stimulus is exerted on a tooth. Biological processes of tooth
movement associated with alveolar bone resorption and apposition
is triggered by inflammatory mediators.1
Mechanical forces such as orthodontic force or masticatory
forces, transmits the stress from tooth to the alveolar bone through
the PDL. The PDL is abundant with fibrillar collagen and extracellular
matrix which is metabolically active and helps in translating the
applied force to the periodontium. The PDL integrity is maintained
by the PDL cells which act as stem cells and help in regeneration and
remodeling of periodontal tissue during application of orthodontic
force. 2 Inflammatory mediators responsible for remodeling of
connective tissue and bone are secreted by PDL cells.
Upon application of mechanical stress there are various molecular
changes that are induced in the PDL and GCF. GCF is a transudate
that appears from the interstitial tissues and is an amalgamation
of plaque, cytokines, blood molecules, enzymes, biofilm, and host
tissue. In conditions where bone formation/remodeling occurs, such
as periodontitis and orthodontic tooth movement, GCF and the PDL
release different types of mediators.
It can therefore be said that the periodontal health of an
individual can be assessed by the GCF.3 Despite the evidence, it
suggests that the change in the PDL directly affects GCF, there
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are limited studies which have evaluated the expression of
interleukin-6 in PDL and GCF.
Cytokines are considered as key mediators involved in bone
remodeling under physiologic and mechanical loading-induced
conditions. Experiments have shown that interleukin-1 beta is
one of the earliest bone resorption markers. Prostaglandin E2,
interleukin-6 and related cytokines also increases during the
resorption activity of bone. The secretion of cytokines in the PDL
depends on the application of orthodontic forces. Since there is a
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continuous flow of GCF in the PDL, the cytokine level in GCF is not
dependent on the pressure side or the compression side.4
IL-6 regulates the bone remodeling process by interacting with
bone cells. Increase in IL-6 expression is seen in the periodontal
tissue on application of orthodontic forces.
The level of cytokines can be used as an indicative marker during
orthodontic treatment and help in treatment planning.4 Thus,
knowledge of the ongoing process can aid in proper mechanical
loading and subsequently shorten the treatment duration.
Determining the precise force, the duration that should be used
can ultimately produce optimal treatment with minimal side effects.
So the aim of this study was to analyze and compare the levels
of Interleukin 6 (IL-6) in gingival crevicular fluid and periodontal
ligament before and after application of the orthodontic force.

M at e r ia l s

and

Methods

The present study was carried out in the Department of
Orthodontics, AB Shetty Memorial Institute of Dental Sciences,
Mangaluru. A total of 20 patients between the age-group
of 18 and 30 years requiring orthodontic treatment were enrolled
in the study. Inclusion Criteria included healthy individuals with
good periodontal health, patient who required extraction for
the orthodontic treatment, no anti-inflammatory drugs taken

during treatment. Exclusion Criteria included previous history of
orthodontic treatment, patient with oral gingival and periodontal
infections, patients with poor oral hygiene, pregnant women and
pre pubertal patient. Clearance for the study was obtained from
the Institutional Ethics Committee and an informed consent was
obtained from each patient before the beginning of the study.
It was a split mouth study where the GCF and PDL samples
were collected from both the control and the experimental site.
On the control site, GCF samples were collected using 1–5 µL
calibrated volumetric micro capillary pipette, from the premolar
region just before the extraction (Fig. 1). After the extraction
was carried out, PDL was scraped from the extracted tooth using
Gracey curette and was immediately transferred to Eppendorf
microcentrifuge tubes (Sigma–Aldrich; St. Louis, MO, USA) and
preserved (Figs 2 and 3).
On the experimental site, brackets (0.022 slot MBT
mechanotherapy) were bonded (Fig. 4) and an initial intrusive
force of 100–150 g was applied using a cantilever spring on the
premolar to be extracted. The force was measured using the
correx tension gauge (Haag–Streit, Switzerland). On the third day
of force application, GCF samples were collected after which the
extraction of the premolar was carried out. Gracey curette was used
for scraping the PDL of extracted tooth immediately.
The collected samples were stored at –80 °C for further analysis
using the ELISA kit (Human IL-6 ELISA MAX TM Delux-5 plates). The

Fig. 1: Collection of GCF sample using micropipette
Fig. 3: Procedure for scraping of PDL

Fig. 2: Gracey curette for scraping the PDL

Fig. 4: Cantilever spring for intrusive force using 0.022 slot MBT bracket
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readings were taken from the ELISA reader and the optical density
was recorded at 450 nm.

Table 2: Unpaired t-test for IL-6 levels in periodontal ligament between
control and experimental group

S tat i s t i c a l A n a lys i s
The collected data was summarized by using frequency, percentage,
mean and standard deviation. Unpaired t-test was used to find
differences between the two groups.
“P” values less than 0.05 were considered as statistically
significant and SPSS version 22 was used to analyze the data.

Group

N

Mean

Standard Deviation

Control

20

4.3067

1.4052

Experimental

20

4.3816

1.3831

t

p

–.314

0.757

p < 0.05 Statistically significant
p > 0.05 Not significant
No significant difference in periodontal ligament control group and experimental group (p = 0.757)

R e s u lts
The study included 20 patients (11 females and 9 males) with the
females having a mean age of 20.8 years and males with a mean
age of 21.3 years.
The mean IL-6 concentrations in gingival crevicular fluid
were 4.5950 ± 1.6668 in the control group and 4.3975 ± 1.5948 in
the experimental group, with a p value of 0.628. Both the control
group (without force application) and the experimental group (on
the third day of force application) showed no significant differences
in Gingival Crevicular fluid levels (Table 1, Fig. 5).
The mean IL-6 concentration in the periodontal ligament
was 4.3067 ± 1.4052 in the control group and 4.3816 ± 1.3831 in the
experimental group, with a p value of 0.757. There was no discernible
difference between the control and experimental groups in the
concentration of IL6 (Table 2, Fig. 6).
With a p value of 0.229, the mean IL-6 concentration in the control
group for GCF is 4.5950 ± 1.6338 and for PDL is 4.3067 ± 1.4052.
No significant difference in the concentration of IL-6 in the GCF and
PDL of the control group was noted (Table 3, Fig. 7).
Table 1: Unpaired t-test for IL-6 levels in gingival crevicular fluid
between control and experimental group
Group

N

Mean

Standard deviation

Control

20

4.5950

1.6338

Experimental

20

4.3975

1.5948

t

p

.492

0.628

Fig. 6: Overall mean for IL-6 concentration in periodontal ligament for
the experimental and the control group (3rd day of force application)

Table 3: Unpaired t-test for IL-6 levels between control groups of
gingival crevicular fluid (GCF) and periodontal ligament (PDL)
Group

N

Mean

Standard deviation

GCF control

20

4.5950

1.6338

PDL control

20

4.3067

1.4052

t

p

1.244

0.229

p < 0.05 Statistically significant
p > 0.05 Not significant
No significant difference in gingival crevicular fluid control group and
experimental group (p = 0.628)

p < 0.05 Statistically significant
p > 0.05 Not significant

Fig. 5: Overall mean concentration of IL-6 in the gingival crevicular fluid
for the experimental and the control group (3rd day of force application)

Fig. 7: Overall mean for IL-6 concentration for gingival crevicular fluid
and periodontal ligament (without force application)

18

World Journal of Dentistry, Volume 13 Issue 1 (January-February 2022)

Interleukin 6 levels in Gingival Crevicular fluid and Periodontal Ligament
Table 4: Unpaired t test for IL-6 levels between test groups of gingival
crevicular fluid (GCF) and periodontal ligament (PDL)
Group

N

Mean

Standard Deviation

GCF test

20

4.3975

1.5948

PDL test

20

4.3816

1.3831

t

p

.046

0.963

p < 0.05 statistically significant
p > 0.05 Not significant

Fig. 8: Overall mean for IL-6 concentration for gingival crevicular fluid
and periodontal ligament (3rd day of force application)

GCF had a mean IL-6 concentration of 4.3975 ± 1.5948, while
PDL had a mean IL-6 concentration of 4.3816 ± 1.3831, with a p value
of 0.963. No significant difference in the IL-6 concentration between
the GCF and PDL of experimental group was found (Table 4, Fig. 8).
The results depicted no significant dif ference in the
concentration level of IL-6 in GCF and PDL on the 3rd day of
application of orthodontic force.

Discussion
Application of orthodontic force causes movement of tooth
which remodels the paradental tissues, dental pulp, periodontal
ligament, gingiva and the alveolar bone. Changes are seen at
microscopic levels and macroscopic levels when the tissues are
subjected to different magnitude, frequency and amount of
force application.5 According to numerous studies, a specialized
multinucleated giant cell called the osteoclast, which is originated
from hematopoietic stem cells facilitates bone resorption. The
resorption process is carried out by various mediators which include
prostaglandins, cytokines (interleukin-1 beta, interleukin-6 (IL-6)
and chemokine (chemokine ligand-2, chemokine ligand-3). These
inflammatory mediators alter the cellular activity in the periodontal
ligament and trigger the alveolar bone remodeling.6-8
This study will be a step towards using the biological principles
of tooth movement at the cellular level and utilizing this in
improving the clinical approaches and formulating a treatment plan
targeted towards these molecules and thus achieving orthodontic
tooth movement which is faster with lesser side effects resulting
from the orthodontic therapy. Cytokines are involved in initiating,
amplifying, perpetuating, and resolving inflammatory responses
and are the key mediators in tissue changes and help in tooth
movement.

IL-6 also known as B cell stimulatory factor, hepatocyte
stimulating factor, B cell growth factor, plasmacytoma growth
factor, interferon beta 2 is believed to be working under both the
normal physiologic conditions as well as when some external force
is applied e.g. during the orthodontic treatment where it tends to
upregulate its activity.10,11 IL-6 stimulates osteoclast formation,
therefore helps in bone resorption.12,14
Thus, in the current study, IL-6 levels are found at baseline
concentration in PDL and at the baseline concentrations in GCF
and its changing levels in PDL and GCF are compared on the 3rd
day of force application.
Various studies have been carried out indicating IL-1 being
the primary element in the process of bone resorption, but very
limited studies have been conducted to analyze and compare
the changing levels of IL-6 in periodontal ligament and gingival
crevicular fluid before and after the application of orthodontic
forces. Thus, the present study will help understand the changing
levels of IL-6 concentration in PDL and GCF during the bone
remodeling process, thus clarifying its further role in orthodontic
tooth movement. In a similar study by Ariffin et al.13 the role of
interleukin-6 in stimulation of osteoclasts for bone resorption
during orthodontic tooth movement was noted.
Periodontal health can be assessed through GCF secreted in
the PDL. Despite the evidence that suggests that the change in
the PDL directly affects GCF, there have been limited studies which
evaluated the expression of interleukin-6 in PDL and GCF. 3 Gingival
crevicular fluid analysis is considered as a non-invasive procedure
and it gives information about changes in the PDL. Though, it might
not be the area specific indicator of periodontal remodeling.
The secretion of cytokines in the PDL depends on the
application of orthodontic forces. Since there is a continuous flow
of GCF in the PDL, the cytokine level in GCF is not dependent on the
pressure or the compression side.4 Therefore, considering this fact,
the current study aimed at analyzing the IL-6 levels in the GCF as
well as in PDL before and after the application of orthodontic forces.
Madureira et al. 4 in their study stated that the levels of
expression of IL-6, CCL2 and CCL3 vary after the orthodontic force
application at different time periods. On day 3, the results showed
that there was an increase in IL-6 and CCL2 levels. According to the
literature, there was a peak increase in the cytokine level on the 3rd
day of application of orthodontic forces. 3
Alhashimi et al.14 in a study on rats demonstrated that
messenger RNA expression of IL-1 beta, IL-6, and TNF-alpha reached
its highest peak after the force application on 3rd day, and the levels
decreased thereafter. Therefore, in this study, day 3 was considered
as the experimental time interval, which was two days after the
application of orthodontic forces.
As it is stated in literature, the cytokines are expressed in GCF
after continuous circulation from PDL and it might take more than
3 days for the IL-6 to express itself in the GCF.6 This is in accordance
with the results of the present study which showed no statistically
significant increase in the levels of IL-6 in GCF on the 3rd day of
force application.
The results of the present study are not in accordance with the
findings of the studies conducted by Madureira et al.,3 Madureira
et al.4 and Alhashimi et al.14 According to these studies, forces
above optimum level leads to tissue necrosis and forces below
the optimum range causes no tissue reaction, which prevents
the alveolar bone from undergoing frontal resorption. The
optimum range of pressure according to the studies is considered
as 150–200 g to achieve a maximum rate of tooth movement at
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the tooth bone interface.9 Mohammed et al.15 in a study applied
200 g of force and found a significant increase in the level of IL-6 at
2 hours, peak on 15th day. The variation in the present study maybe
because of the low magnitude of force used when compared to
other studies where they have used a high magnitude of the force
of about 200 g.
According to our knowledge, limited studies have been done
which simultaneously evaluated and compared the levels of
interleukin 6 in GCF and PDL. In this study, the levels of interleukin
6 in GCF and PDL were assessed simultaneously and it showed no
significant change in the concentration of IL-6 (p > 0.2). The result
states that GCF can be assessed to know the concentration of
cytokines in the PDL, as collection of GCF is a non-invasive technique.
The entire periodontal ligament was scrapped off from the
root surface area of the teeth in the study without considering
any specific site, which did not reflect the actual area of the
IL-6 increase, that is, the compression side and the tension sides of
the teeth were not differentiated. This could be considered as the
limitation of the study. Also, the data was not compared amongst
the various age-groups and gender of the subjects. Therefore, the
role of IL-6 could not be differentiated according to these aspects
and further research might be needed.

C o n c lu s i o n
The study depicted a similar concentration level of IL-6 in GCF and
PDL on the 3rd day of application of orthodontic force. Therefore,
GCF can be used as a biomarker in the assessment of IL-6 for up to
3 days of force application instead of PDL as a collection of GCF is
a non-invasive technique.

D ata A vai l a b i l i t y S tat e m e n t
The data underlying this article cannot be shared publicly for the
privacy of individuals that participated in the study. The data will
be shared on reasonable request to the corresponding author.
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