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ABSTRACT

Background: the aim of the present study was to evaluate the levels of some biological markers;
interleukin 1B (IL1B), interleukin 6 (IL6), interleukin 8 (IL8) and prostaglandin(PG) in the gingival
crevicular fluids (GCF) in patients with periodontal disease during early stage of orthodontic tooth
movement.

Subjects and methods: The study included 9 subjects with age range 23-45 years, with
periodontally affected teeth submitted to orthodontic treatment at the orthodontic department faculty
of dentistry, Al-azhar University,Girls branch. Fixed appliances were inserted, nickel titanium light
archwires were used for levelling and alignment. Gingival crevicular fluid (GCF) samples were
collected from the healthy and periodontally affected teeth with paper points at base line, 3 days,
1,2,3 4 weeks from starting of orthodontic treatment.

Results: during the test period, the levels of IL 6 in healthy teeth and periodontally affected
teeth gradually increased after 3 days and 1 week, then gradually decreased after 2 and 3 weeks,
Comparing healthy and periodontally affected teeth revealed a higher levels in periodontally
affected teeth.. The mean value of IL 8 gradually increased after 3 days and 1 week, then gradually
decreased after 2 and 3 weeks. the mean value of IL 1B was gradually increased after 3 days and
1 week, then gradually decreased after 2 and 3 week. PG showed gradual increase after 3 days
and 1 week, then gradually decreased after 2, 3 and 4weeks. Comparing healthy and periodontally
affected teeth revealed a higher levels in periodontally affected teeth.

Conclusion: Our findings suggested that the orthodontic movement of periodontally
compromised teeth result in significant changes in the levels of certain biological markers in the
GCF as compared to healthy teeth.
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INTRODUCTION

The most common objectives of an orthodontic
treatment are facial and dental aesthetics and the
improvement in the masticatory function. There is
a continuously increasing number of adult patients
who actively seek orthodontic treatment, and
it is also an undeniable fact that the incidence of
periodontal disease increases with age. Therefore,
the number of patients with periodontal problems
that attend orthodontic practices is significantly
greater than in the past.!

Orthodontic treatment can serve as an adjunct
to periodontal treatment procedures to improve
oral health in a number of situations. Pathological
tooth migration is one of the few evident signs of
periodontitis that affects dentofacial esthetics. This
phenomenon is more commonly seen in the anterior
dentition due to lack of stable occlusal and sagittal
contacts with the opposing teeth.>*

Achieving an esthetically acceptable result in
such cases may require various orthodontic tooth
movements like intrusion, rotation, and uprighting.
This can also help control periodontal breakdown
and restore good oral function.*

Fixed appliance therapy is more preferable if
orthodontic tooth movement is desired in a patient
suffering from periodontitis. Fixed appliance allows
easy splinting of teeth to achieve stable anchorage,
also it is important to reduce the force magnitude
to reduce the stress on periodontal ligament fibres.

Monitoring the levels of certain biochemical
mediators may be a clinically useful procedure, to
identify the degree of remodeling occurring in the
periodontal tissues during orthodontic or orthopedic
retention, because of their important roles in tooth
movement and even in tissue damage.®

These biomarkers change in special clinical
situations, such as severe periodontal disease,
osseointegration, trauma due to orthodontic
movements and are therefore indicative both of
active pathology or healing.®
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Gengival crevicular fluid (GCF) is an important
source of biomarkers related to the state of health
of deeper-seated tissues of periodontium. These
properties can be particularly useful in monitoring
the effectiveness of orthodontic treatment and the
response of the alveolar bone to orthodontic forces.®

The importance of evaluating the levels of
substances as valid biomarkers of periodontal effects
of an orthodontic treatment is emphasized, through
an accurate description of the specific role of each
of them.® Proinflammatory Cytokines: Interleukin-
18 (L-14), Interleukin-6 (IL-6), Interleukin-8
(IL-8), Tumor Necrosis Factor-o. (TNF-a), and
Prostaglandin E (PGE).’

Interleukin-18 (IL-18) is one of the most potent
cytokines in periodontal environment during the
initial stage of orthodontic tooth movement. The
potential sources of IL-16 during tooth movement
include cells such as fibroblasts, macrophages,
osteoblasts, and
osteoclasts.® IL-18 is secreted by osteoclasts as an

cementoblasts, cementoclasts,
immediate response to mechanical stress during
the initial stage of orthodontic treatment, this
Interleukin also determines the amount of tooth
movement dependently on the efficiency of alveolar
bone remodeling process.’

Moreover, IL-16 is one of the mediators of
inflammation which induces the secretion of
substances causing pain. Besides, IL-18 is produced
by the periodontal ligament in a quantity sufficient
to diffuse into the gingival crevicular fluid and
has been identified as a biomarker of orthodontic
movement.” IL-18 is also considered to be a
powerful inducer of Interleukin-6 (IL-6) production;
it overlaps with IL-6 and Tumor Necrosis Factor-a
(TNF-a) in their actions.'® IL-6 has an increased
amount after 24 hrs.!" It regulates immune responses
in inflammation sites.'? The levels of Interleukin- 8
(IL-8) increased at PDL tension sites and proposed
it to be a triggering factor for bone remodeling." In
human gingival crevicular fluid many findings have

confirmed increased levels of these proinflammatory
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cytokines involving in parodontal remodeling
during orthodontic tooth movement.'*!?

A study identified the role of prostaglandins E
(PGEI and PGE2) in stimulating bone resorption.'®
The
is the liberation of prostaglandins, an important

primary response to the pressure stimulus

chemicalmessenger. PGE2, specially, is able to

mediate inflammatory responses and induces
bone resorption by activating osteoclastic cells.!”
prostaglandins  directly  stimulate  osteoclast
production and induce bone resorption. In addition,
the GCF level of PGE2 reflect the biologic activity in
periodontium during orthodontic tooth movement,
and it is significantly higher in both tension and

compression sides.'®

The effects of orthodontic forces on teeth af-
fected by periodontal disease have not been ex-
tensively studied.'” However, studies''® indicated
that periodontally compromised teeth can withstand
orthodontic forces without additional damage to the
periodontium.

Since the levels of some biological markers
seen to be associated with an increased risk of
progression of periodontal disease and with
orthodontic tooth movement, the aim of the present
study was to evaluate the levels of IL1B,IL6,IL8
and prostaglandin in the GCF in patients with
periodontal disease during early stage of orthodontic

tooth movement.

SUBJECTS AND METHODS

The with
periodontally affected teeth submitted to orthodontic

study included nine subjects
treatment at the orthodontic department faculty of
dentistry, Al-azhar University, Girls branch. With
age range 23-45 years. The subjects were required to
have their periodontal condition under control with
radiographic evidence of bone loss. Subjects had to
be in good general health and were excluded if they
had any systemic condition that would influence

the course of periodontal disease or treatment. The
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patient were not allowed to use anti-inflammatory
drugs 6-months before the start of treatment. The
study was approved by the ethical committee of the
faculty, and all subjects signed an informed consent
form prior to enrollment in the study.

Fixed preadjusted edgewise appliance Roth
type with 0.022 inch slots were inserted, nickel
titanium light archwires sizes that ranged between
0.012,0.014,0.016 and 0.018 inch were used for
levelling and alignment.

Gingival crevicular fluid (GCF) samples were
collected from the healthy and periodontally affected
teeth with paper points at base line, 3 days, 1,2,3,4.,6
weeks from starting of orthodontic treatment.

The samples were collected during the morning,
Supragingival plaque was carefully removed before
sampling, sampled sites were isolated with self
retainng retractors, suction tips and cotton rolls, and
dried gently with an air syringe. GCF samples were
collected using paper strips which were inserted 1 to
2 mm into the gingival crevice for 1-2 minutes, each
site was sampled 2-3 times at 1 minute interval,
and the samples were placed in Eppendorf tubes.
The samples stored at -20°C until analysis®.

RESULTS

Interleukin 6: In healthy teeth, the mean value
gradually increased after 3 days and 1 week, then
gradually decreased after 2 and 3 weeks. This
was followed by an increase at 4 weeks, to levels
higher than the baseline. The overall percent change
(increase) was 34.68+ 11.71.

In periodontally affected teeth, the mean value
gradually increased after 3 days and reached its
peak at 1 week, then gradually decreased in the
following observation times to a level lower than
baseline. The overall percent change (decrease) was
-11.98+ 3.78.

Comparing healthy and periodontally affected
teeth revealed a significant difference except at 4
weeks (Tablel, Fig.1)
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TABLE (1) Interleukin 6 levels in healthy and periodontally affected teeth and significance of the difference

between both groups using t test

Base line 3-days 1 week 2 week 3 week 4 week | Percent change
Mean 891 11.47 14.36 4.37 191 12.02 34.681
Healthy teeth

SD 0.40 2.00 3.39 1.07 1.01 147 11.71
Periodontally Mean 13.55 19.74 21.79 14.83 13.92 11.87 -11.98
affected teeth SD 153 141 3.74 093 1.04 202 378
t value 9.27 3.16 3.56 8.10 23.6 0.23 21.81

P value <0.0001* | 0.0067* | 0.0061* | <0.0001* | <0.0001%* 0.65™ <0.0001*

Significance level p<0.05, * statistically significant, ns=non-significant

Interleukin 8: In healthy teeth, the mean value
gradually increased after 3 days and 1 week, then
gradually decreased after 2 and 3 weeks. This was
followed by an increase at 4 weeks, to levels still
lower than baseline. The overall percent change
(decrease) was -10.7+ 2.8.

In periodontally affected teeth, the mean value
gradually increased after 3 days and 1 week, then

gradually decreased after 2 and 3 weeks, then
increased at 4 weeks to a level still lower than
baseline. The overall percent change (decrease) was
-51.74+ 14.79.

Comparing healthy and periodontally affected
teeth revealed a significant difference except at 4
weeks (Table2, Fig.1)

TABLE (2) Interleukin 8 levels in healthy and periodontally affected teeth and significance of the difference

between both groups using t test

Base line | 3-days 1 week 2 week 3 week 4 week | Percent change
Mean 1273.7 1839.2 2081.2 897.0 7423 1146.6 -10.7
Healthy teeth
SD 26.2 51.7 72.8 37.6 472 204.6 2.8

Periodontally Mean 22257 25535 2782.6 2142.8 9448 1074.2 -51.74
affected teeth SD 82.6 2349 138.9 54.8 70.8 49.1 126

t value 34.74 36.21 26.87 59.27 7.526 1.088 35.65

P value <0.0001* | <0.0001* | <0.0001* | <0.0001* | <0.0001* | 0.291™ <0.0001*

Significance level p<0.05, * statistically significant, ns=non-significant
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Interleukin 1B: In healthy teeth, the mean value
gradually increased after 3 days and 1 week, then
gradually decreased after 2 and 3 weeks. This was
followed by an increase at 4 weeks, to levels higher
than baseline. The overall percent change (increase)
was 80.05+ 12.01.

In periodontally affected teeth, the mean value
gradually increased after 3 days and 1 week, then
gradually decreased after 3 and 4 weeks, to a level
lower than baseline. The overall percent change
(decrease) was -54.51+ 4 .43.

Comparing healthy and periodontally affected
teeth revealed a significant difference except at 1
week (Table3, Fig.1)

27)

Prostaglandin: In healthy teeth, the mean value
gradually increased after 3 days and 1 week, then
gradually decreased after 2, 3 and 4weeks to a level
higher lower than baseline. The overall percent
change (decrease) was -9.46+ 3.12.

In periodontally affected teeth, the mean value
increased after 3 days, and reached its peak at 1
week , then gradually decreased after 2 weeks and
the subsequent observation times, to a level lower
than baseline at 4 weeks. The overall percent change
(increase) was -17.07+ 4.33.

Comparing healthy and periodontally affected
teeth revealed a significant difference at all intervals
(Table4, Fig.1)

TABLE (3) Interleukin 1B levels in healthy and periodontally affected teeth and significance of the difference

between both groups using t test

Base line 3-days 1 week 2 week 3 week 4 week percent change
Mean 8.12 17.03 21.75 8.35 5.75 14.62 80.05
Healthy teeth
SD 0.34 2.57 1.75 0.37 0.59 1.23 12.01
Periodontally | Mean 17.47 19.32 2397 23.70 11.62 7.93 -54.51
affected teeth SD 0.40 2.18 3.20 2.75 121 0.61 443
t value 56.32 2.148 1.924 17.49 13.78 1541 19.06
P value <0.0001* 0.0455* 0.07m <0.0001* | <0.0001* | <0.0001%* <0.0001*

Significance level p<0.05, * statistically significant, ns=non-significant

TABLE (4) Prostaglandin levels in healthy and periodontally affected teeth and significance of the difference

between both groups using t test

Base line | 3-days 1 week 2 week 3 week 4 week | Percent change
Mean 54.12 59.61 70.31 62.07 51.05 49.00 -9.46
Healthy teeth

6.44 8.44 8.37 5.14 521 524 3.12

Periodontally Mean 7347 84.33 87.67 7148 70.59 60.93 -17.07
affected teeth 592 4.40 393 7.25 592 6.44 433
t value 6.99 8.21 5.94 6.43 17.83 3.872 3.96

P value <0.0001* | <0.0001* | <0.0001* | <0.0001* [ <0.0001* | <0.0001* 0.002%*

Significance level p<0.05, * statistically significant
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Fig. (1) Column chart showing mean percent change in
biomarker levels in healthy and periodontally affected
teeth throughout the study

DISCUSSION

Alveolar bone and adjacent periodontal tissues
show extensive macroscopic and microscopic
changes when exposed to varying degrees of
magnitude, frequency, and duration of mechanical
loading. Mechanical loading also alters periodontal
tissue vascularity and blood flow, resulting in the
local synthesis and release of various molecules, such
as cytokines,

growth factors, colony-stimulating

factors, enzymes, and neurotransmitters.’

On the basis of sequential reactions and released
substances, several of these biologically active
molecules have been proposed as biomarkers to
better understand the biological process involved in
orthodontic tooth movement, to improve treatment

and reduce adverse side effects.”!

A biomarker is a substance measured and
evaluated objectively as an indicator of physiologic
processes, pathogenic processes, or responses to a

therapeutic treatment.”

The biological mechanisms controlling the shift
from the stimulus, consisting of continuous force
application, to the reaction, represented by the
displacement of the tooth in the periodontal space,
could be evaluated by monitoring the higher or
lower rate of such biomarkers in the periodontium.’
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Potential biological markers can be collected
by means of different experimental and clinical
methods,
human models.

respectively, in animal and in living
GCF analysis, especially, has
offered several advantages for its simple, quick, and
noninvasive collection and for the wide variety of
molecules detected in his volume.”

GCFisapowerful vehicle for clinical diagnostics,
since it contains different biochemical and cellular
arrays in relation to different clinical situations
indicative of the state of periodontal health during
orthodontic treatment.®

In this study, Days 7 and 21 were chosen for
GCF sampling because day 7 is the turnover time
for enzymes and indirect resorption processes start
on day 21.%

The main gingival crevicular fluid (GCF) bio-
markers related to orthodontic tooth movements
were classified into four main groups: biomarkers
of inflammation, bone metabolism, cell death and
bone deposition and mineralization. Biomarkers of
inflammation are Interleukins (IL-1/4, IL-6, IL-8),
Tumour Necrosis factors (TNF-a), Colony-stimu-
lating factors (M-CSF, G-CSF, GM-CSF), Prosta-
glandins (PGE), Vascular endothelial growth factors
(VEGF), Calcitonin gene related peptide (CGRP),
Substance P. Interleukins (IL-1/3, IL-6, IL-8) are cy-
tokines involved in the bone remodelling, bone re-
sorption and neo-bone apposition during orthodon-
tic tooth movement.”2*23

These biomarkers change in special clinical sit-
uations, such as severe periodontal disease, osseo-
integration, trauma due to orthodontic movements
and are therefore indicative both of active pathology
or healing.®

Our results showed that Interleukin 1 in healthy
teeth, the mean value gradually increased after 3 days
and 1 week, then gradually decreased after 2 and 3
weeks. This was followed by an increase at 4 weeks,
to levels higher than baseline. In periodontally
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affected teeth, the mean value gradually increased
after 3 days and 1 week, then gradually decreased
after 3 and 4 weeks, to a level lower than baseline.
Comparing healthy and periodontally affected teeth
revealed a significant difference except at 4 weeks,
this is in agreement with a study revealed that, there
was a significant higher level of IL-18 in the diseased
sites than the non diseased sites.® The IL-1f3 is
initially released to compat infection, its expression
is influenced by the microbial composition of the
adjacent gingival biofilm. These results suggest that
IL-18 is currently the most useful biomarker.® A
study reavelrd that IL-18 is secreted by osteoclasts
as an immediate response to mechanical stress
during the initial stage of orthodontic treatment, and
at later stages by macrophages, whose accumulation
has been observed in compressed areas. This
Interleukin also determines the amount of tooth
movement dependently on the efficiency of alveolar
bone remodeling process,”” IL-14 is produced by
the periodontal ligament in a quantity sufficient to
diffuse into the gingival crevicular fluid and has been
identified as a biomarker of orthodontic movement.®
A review article identify the bone resorption
marker,”! The earliest bone resorption marker is
the interleukin- 1 beta (IL-1/3), PGE2, interleukin-6
(IL-6), and other inflammatory cytokines can also
facilitate osteoclastic bone resorption processes.?®

Interleukin-6 (IL-6) is a multifunctional cy-
tokine, and increased levels are involved in bone
destruction.”® Interleukin-6 in this study showed
gradual increase In healthy teeth after 3 days and 1
week, then gradually decreased after 2 and 3 weeks.
This was followed by an increase at 4 weeks, In
periodontally affected teeth, the mean value gradu-
ally increased after 3 days and reached its peak at
1 week, then gradually decreased in the following
observation times to a level lower than baseline.
Regarding healthy and periodontally affected teeth
there are significant higher level, this is in agree-
ment with findings of studies reported increased
level during orthodontic tooth movement from the
first hour and decreased after 7 and 10 days .8
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Interleukin-8 plays a multifunctional roles in
the pathogenesis of periodontal disease, it plays a
major role in mediating inflammatory responces,
orthodontic forces evoke changes in the level of
Interleukin-8'3 In this study the level of Interleukin-8
in healthy teeth, gradually increased after 3 days
and 1 week, then gradually decreased after 2 and 3
weeks. This was followed by an increase at 4 weeks,
to levels still lower than baseline. In periodontally
affected teeth, the mean value gradually increased
after 3 days and 1 week, then gradually decreased
after 2 and 3 weeks, then increased at 4 weeks
to a level still lower than baseline. Comparing
healthy and periodontally affected teeth revealed
a significant difference except at 4 weeks. This is
in agreement with studies'***% reported significant
increase in Interleukin-8 during orthodontic tooth
movement beginning from first hour and reached
maximum level at day 6 and another study reported
an increase at day 7 and 21 during canine retraction.

Prostaglandin PG, has long been considered a
major stimulator of bone resorption,* it is induced
by interleukin-145. IL-1f synergically upregulate
the formation of prostaglandins in the periodontal
tissue subjected to orthodontic stress. Orthodontic
and orthopaedic forces evoke changes in the levels
of inflammatory mediators in the periodontal tissues
and can trigger the processes of bone resorption
in tissue around the teeth.*! A study reported an
increased levels of PGE adjacent to teeth undergoing
orthodontic movement with fixed appliances,*
which is compatible with our finding that showed
gradual increase of PG at 3 days and reaches its
peak after one week of orthodontic treatment. In
periodontally affected teeth the PG showed higher
level than in non affected teeth, indicating more
inflammation and bone resorption. prostaglandins
directly stimulate osteoclast production and their
capacity to form ruffled border and effect bone
resorption. In addition, the GCF level of PGE2
reflect the biologic activity in periodontium during
orthodontic tooth movement, and it is significantly
higher in both tension and compression sides.**
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Conclusion: gingival crevicular fluids are com-
mon, non-invasive methods of collecting samples
associated with orthodontic tooth movement. Gin-
gival crevicular fluid (GCF) can reflect the state of
health of the periodontal tissues. The biomarkers
level increased with orthodontic tooth movement
in the first week then gradually decreased in both
healthy and periodontally affected teeth, the level is
higher in periodontally affected than healthy teeth.

The clinical use of biomarkers in orthodontics is
still an issue. Biomarkers remain a challenging task
specially in case of orthodontic treatment of peri-
odontally affected teeth.
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