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ABSTRACT
Aim: This study aims to investigate the differences in osteoprotegerin (OPG) concentrations in early aligning and leveling
of orthodontic treatments using self-ligating and conventional
preadjusted brackets.
Materials and methods: Three groups consisting of two
experimental groups and one control group participated in this
study. A total of 18 patients were selected according to the following inclusion criteria: Little’s irregularity index on maxillary
anterior teeth ranging from 4 to 9 mm, nonextraction orthodontic
treatment on the experimental group, and no previous orthodontic treatment. The experimental group received orthodontic
treatment with either a passive self-ligating or conventional
preadjusted bracket system, while the control group did not
receive orthodontic treatment. Gingival crevicular fluid (GCF)
collection was done at baseline, 1, 24, and 168 hours on five
points of maxillary anterior proximal sites, from the mesiolabial
side of the canine to the mesiolabial side of its contralateral
side. The OPG concentration was assessed by enzyme-linked
immunoabsorbent assay (ELISA).
Results: The OPG concentration on both bracket systems
was decreased in a time-dependent manner. Decreasing
concentration was maintained up until 168 hours on the selfligating bracket, while conventional preadjusted bracket showed
significantly increasing concentration at 168 hours (p = 0.004).
Levels of OPG were significantly lower on self-ligating bracket
compared with the conventional bracket at 1, 24, and 168
hours (p < 0.005).
Conclusion: Both bracket systems showed decreasing OPG
concentration up to 24 hours after orthodontic activation. A
maintained decreasing level of OPG was observed on the selfligating bracket group at 168 hours, and it showed significant
lower OPG concentration compared with the conventional
preadjusted bracket group at 1, 24, and 168 hours after initial
force application.
Clinical significance: The maintained decreasing level of OPG
could indicate bone resorption that allows tooth movement into
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INTRODUCTION
Orthodontic tooth movement is induced by the frequency
and duration of mechanical stress, to which periodontal
ligament tissues will respond. The mechanical orthodontic forces will be transmitted through the periodontal
ligament to the alveolar bone, resulting in areas of tension
or compression that lead to an inflammation process
with various cellular reactions.1 Inflammatory mediators, such as chemokines, cytokines, and growth factors
will be produced on both the tension and compression
sides, which will activate tissue remodeling, including
bone tissue.2,3 Bone remodeling is a dynamic interaction
between bone-forming osteoblasts and bone-resorbing
osteoclasts, which is an important event in orthodontic
tooth movement.4
Cytokines are defined as extracellular signaling
proteins directly involved during orthodontic tooth
movement, which facilitate differentiation, activation,
and apoptosis in bone and periodontal ligament cells.3
Their mechanisms of action during orthodontic tooth
movement are classified as effector (proinflammatory)
and suppressive (anti-inflammatory) cytokines. Some
of the proinflammatory cytokines that are involved in
osteoclastogenesis are the receptor activator of nuclear
factor kappa-B ligand (RANKL) and the macrophage
colony-stimulating factor (M-CSF), which are produced
by osteoblasts and apoptotic osteocytes. The M-CSF will
bind to its receptor, c-msf, and this process is required
for progenitor cells to differentiate into osteoclasts, while
also maintaining the survival and longevity of osteoclast
precursors.5,6 The differentiation process of osteoclast
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precursors is unable to be completed by M-CSF on its
own; it requires the expression of RANKL by osteoblastic
stromal cells and of RANK by osteoclast precursors.5
The RANKL will exert its effect by binding to the RANK
receptor on osteoclast lineage cells, which leads to rapid
differentiation of the hematopoietic osteoclast precursors
to mature osteoclasts.3
Bone remodeling is controlled by a balance between
RANK–RANKL binding and OPG production. The OPG
is a decoy receptor produced by osteoblastic cells, which
competes with RANK for RANKL binding. On bone
cells, OPG will inhibit the terminal stages of osteoclast
differentiation, suppress matrix osteoclasts activation,
and also induce apoptosis.3 In other words, a change in
the RANKL/OPG ratio due to either an increase in the
former or a decrease in the latter or a change in both will
have an effect on osteoclast numbers and activity.5 The
orthodontic forces will distort the extracellular matrix
of the periodontal ligament and also alter the cellular
shape and cytoskeletal configurations. These changes
may modify GCF composition and flow rate.3 The GCF
analysis may provide a noninvasive method to investigate the biochemical changes and cellular response of
the underlying periodontal ligament during orthodontic
movement.4,7 Studies have confirmed that both RANKL
and OPG can be detected in human GCF during ortho
dontic movement.8-10
The methods of orthodontic treatment mechanics
have been developed throughout orthodontics history
to complement clinicians achieving the desired result
on various orthodontic cases.11 As many studies have
shown, there is an induction of cytokines, including
OPG, during orthodontic movement using edgewise or
preadjusted brackets.4,8-10,12 On the contrary, no studies
have confirmed the level of OPG in GCF during orthodontic movement using self-ligating brackets. Furthermore,
there is no detailed information about the comparison of
OPG level changes during orthodontic treatment using
preadjusted and self-ligating brackets. In the present
study, we compared the levels of OPG in GCF samples
during anterior crowding initial alignment at baseline, 1,
24, and 168 hours taken from orthodontic patients with
preadjusted and self-ligating brackets.

MATERIALS AND METHODS
Subject Selection
The research protocol was reviewed and approved by the
Ethical Committee of the Faculty of Dentistry, Universitas
Indonesia (No. 12/Ethical Approval/FKGUI/III/2017).
Two groups of orthodontic patients and one group of
control subjects took part in this study. Informed consent
was obtained from all subjects after they had received
World Journal of Dentistry, January-February 2018;9(1):2-7

detailed information about the research. One group
consisted of six orthodontic patients using preadjusted
brackets (6 females, mean age 23 ± 6.28 years) and the
other group consisted of six orthodontic patients using
self-ligating brackets (3 males, 3 females, mean age 25.5 ±
4.91 years). Six subjects without orthodontic treatment
were appointed as the control group (3 males, 3 females,
mean age 26.67 ± 6.83 years), which has the same criteria as the orthodontic patients group. The subjects were
selected to participate in this study based on the following
criteria: (1) Good general health and healthy periodontal
tissue, with probing depths not exceeding 3 mm, (2) no
sign of bone loss in panoramic radiograph, (3) no history
of antibiotic therapy within the past 6 months, (4) not
under anti-inflammatory drugs in the month preceding
the start of the study, (5) Little’s irregularity index13 on
maxillary anterior ranging from 4 to 9 mm, (6) nonextraction orthodontic treatment on the experimental group,
and (7) never had previous orthodontic treatment.

Experimental Design
Two experimental groups were set up, group I treated
with preadjusted brackets (MBT, Ormco, Glendora,
California, USA) and group II treated with passive selfligating brackets (Damon Q, Ormco, Glendora, California,
USA). Maxillary arch impressions were taken on all
subjects to measure the Little’s irregularity index. Both
experimental groups were orthodontically treated during
the initial leveling and alignment for 168 hours beginning with 0.014-inch nickel–titanium archwires (Dentsply
GAC, Bohemia, New York, USA) for group I. Meanwhile,
group II began with 0.014-inch copper nickel–titanium
archwires (Ormco, Glendora, California, USA). The
archwires for group I were attached to the brackets using
elastomeric ligatures. Maxillary anterior brackets must
be engaged in the initial bracket bonding and they were
not allowed to be removed during the study. The control
group was not treated with orthodontic treatment. A
session of supragingival scaling and oral hygiene maintenance instruction was given to all subjects to achieve
good plaque control. All subjects were warned not to take
any of the anti-inflammatory drugs during the period
of study.

Gingival Crevicular Fluid Collection
At the time of each visit for GCF collection, the oral
hygiene index was assessed using the simplified oral
hygiene index by Greene and Vermillion.14 The GCF
was collected before activation and at the following
time periods after the activation: 1, 24, and 168 hours at
five points of maxillary anterior proximal sites, from the
mesiolabial side of the canine to the mesiolabial side of
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its contralateral. Small deposits of plaque were removed
with a periodontal probe without touching the gingiva
to minimize the contamination of the GCF samples. The
six maxillary anterior teeth were gently washed with
water, isolated with cotton rolls, and then gently dried
with an air syringe. One paper point was used for each
site undergoing examination using the method of Offenbacher et al15 to collect GCF samples. Paper points (ISO
30, Gapadent, Tianjin, PR, China) were carefully inserted
1 mm into the gingival crevice on each site and allowed
to remain for 30 seconds. The insertion of paper points
was done twice in each site, with a 1-minute interval
between collections. Any paper points visibly contaminated with blood were discarded. Paper points were then
placed into a microcentrifuge tube filled with 500 μL of
phosphate-buffered saline and stored at −80°C before
laboratory analysis.

Total Protein Concentration and
OPG Determination
All samples were thawed and subjected to a vortex for
30 seconds. The GCF from samples was then eluted from
paper points by centrifugal filtration at 1,000 × g for 20
minutes at 4°C. After being centrifuged, the paper points
were removed and the supernatants were transferred into
a new microcentrifuge tube. Total protein concentration
in the extract was estimated by Bradford16 protein assay,
with bovine serum albumin as a standard. The extracts
were standardized by diluting them to the concentration
of 50 μg/mL before being processed on the ELISA. The
OPG was measured by sandwich ELISA kit (Elabscience,
Human OPG, Wuhan, PR China). The assays were carried
out in duplicate both for reference standards and samples
in accordance with the manufacturer’s instructions. Total
level of OPG measurement present in GCF samples was
recorded as ng/mL derived from the protein standard
curve.

Statistical Methods
Values were determined as the mean ± standard
deviation. The data were processed and analyzed using

Statistical Package for the Social Sciences version 21
for Mac (IBM SPSS Statistics, Illinois, USA). The OPG
level distributions (ng/mL) were examined using the
Shapiro–Wilk’s normality test and the comparisons were
performed using parametric tests. A two-way repeated
measures analysis of variance (ANOVA) was used to
investigate differences in OPG levels throughout experimental periods on all groups. The differences in OPG
concentration among the groups at specific time points
were tested by one-way ANOVA.

RESULTS
The purpose of this study was to evaluate the OPG level
changes (ng/mL) during an early stage of orthodontic
treatment with self-ligating and conventional preadjusted brackets. The OPG level changes of each bracket
system and control subject throughout the experimental periods are shown in Table 1. The OPG levels were
decreased on both the self-ligating and the conventional
preadjusted group up to the 24-hour experimental
period. The level of OPG was increased at 168 hours on
the conventional preadjusted group, approaching its
baseline value. On the contrary, the OPG level on the
self-ligating bracket continued to decrease at 168 hours.
The changes of OPG concentration on the self-ligating
bracket were statistically significant among the experimental periods, with the exception of the decreased level
of OPG at 24 to 168 hours. In addition, the statistically
significant changes of OPG level were noticed for the
conventional preadjusted group at 1 to 24 hours and
also 24 to 168 hours. The control group showed a slight
rise and fall of OPG concentration, but no statistically
significant change was detected throughout the experimental periods. Time-dependent changes of OPG level
on all groups are shown in Graph 1.
The mean of the OPG levels among the self-ligating
bracket, conventional preadjusted bracket, and control
group at specific experimental periods are compared
in Table 2. None of the groups showed a statistically
significant difference of OPG levels at baseline. Conversely, significant differences were observed among

Table 1: The OPG level longitudinal changes throughout experimental periods in orthodontically treated
groups together with control group
Mean of OPG levels (SD) in ng/mL*
T0 vs
T0 (baseline) T1 (1 hour)
T2 (24 hours) T3 (168 hours) T1
0.954 (0.095) 0.804 (0.075) 0.503 (0.099) 0.811 (0.071)
0.15

p-values
T0 vs T1 vs
T3
T2
0.192 0.006*

T1 vs
Group
n
T3
Preadjusted 6
1.000
bracket
Self-ligating 6 1.016 (0.065) 0.641 (0.371) 0.223 (0.027) 0.196 (0.031)
0*
0*
0*
0*
0*
bracket
Control
6 1.046 (0.153) 1.099 (0.155) 0.963 (0.105) 0.975 (0.131)
1.000 1.000
1.000 0.923
0.783
*Statistically significant difference at p < 0.05, pairwise comparisons Bonferroni post hoc test; SD: Standard deviation
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T0 vs
T2
0.001*

T2 vs
T3
0.004*
1.000
1.000
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Graph 1: Osteoprotegerin level in time-dependent changes in
GCF from 1 to 168 hours after orthodontic activation

the groups at 1 and 24 hours experimental period. At
168 hours experimental period, statistically significant
differences were also noticed between the preadjusted
and self-ligating brackets together with the self-ligating
bracket and control group.

DISCUSSION
The RANKL/RANK/OPG system has been thought as
the most important advanced finding in bone biology
in the last decade.5 The discovery of this system also
plays an important role in orthodontic tooth movement
researches. Many studies have investigated about OPG
expression in the GCF during orthodontic movement,
mostly in a canine undergoing distal movement.4,8-10,12
In the current study, changes in OPG levels among orthodontic patients with different bracket systems were
assessed during the early aligning and leveling phases.
Differences in the force systems of different bracket
systems will be evaluated through differences of OPG
level contained in GCF.
We found decreased levels of OPG in GCF samples
through 1 up to 24 hours on both conventional preadjusted and self-ligating systems. Interestingly, the OPG
level started to increase approaching its baseline value at
168 hours on the conventional preadjusted bracket, while

the self-ligating bracket continued to show decreasing
OPG concentration even more. Conversely, the group
without orthodontic treatment did not show any differences of OPG level throughout the entire experimental
period. Thus, its OPG level is appropriate to be assigned
as a control. Our findings on the conventional brackets
group are supported by Nishijima et al8 and Kawasaki
et al.9 They determined a similar pattern of OPG expression in orthodontic movement within 24 hours after
initial activation, which is the lowest OPG level among
the experimental periods and this began to increase by
168 hours. However, the orthodontic movement and type
of bracket used from those two studies were different
from our current study. Those studies investigated OPG
expression during the 1-week period of canine distalization using an elastomeric chain on an edgewise bracket,
with GCF collected at the distal aspect of the canine or
the compression side.
The decreasing level of OPG up to 168 hours on our
self-ligating bracket group is somewhat supported by
Toygar et al.4 The study showed that OPG decreased
significantly at the 1 hour and was maintained at 24,
168 hours, 1 and 3 months after orthodontic activation.
Similar results also can be observed in a study by Grant
et al,10 which showed decreasing levels of OPG concentration up to 42 days after force application. Again, there
are differences with our current study in terms of study
design, bracket system, force magnitude, and also local
response of bone or age differences. However, the continuous force being exerted from a closed superelastic
nitinol coil spring in those two studies can be considered
comparable with the continuous force applied on the selfligating bracket system. The term “self-ligating bracket” is
used for brackets that incorporate a locking mechanism
that holds the archwire in the bracket slot.17 We use a
passive self-ligating bracket type in our study, which
was considered to have lower friction between bracket
and archwire and also more net effective force properties compared with conventional brackets.18 Friction in
orthodontic treatment is viewed as a force that must be
overcome before the intended tooth-moving forces will
take their effect and this relative movement between the

Table 2: Comparison of OPG level mean changes among orthodontically treated and control group at a specific experimental period
Mean of OPG levels (SD) in ng/mL*
p-values
Preadjusted
Self-ligating
Preadjusted bracket
Preadjusted
Self-ligating
Time periods n bracket
bracket
Control
vs self-ligating bracket bracket vs control bracket vs control
T0 (baseline) 6 0.954 (0.095) 1.016 (0.065) 1.046 (0.153) 1.000
0.512
1.000
T1 (1 hour)
6 0.804 (0.075) 0.641 (0.371) 1.099 (0.155) 0.005*
0.011*
0.002*
T2 (24 hours) 6 0.503 (0.099) 0.223 (0.027) 0.963 (0.105) 0.002*
0*
0*
0.083
0*
T3 (168 hours) 6 0.811 (0.071)
0.196 (0.031) 0.975 (0.131)d 0*
*Statistically significant difference at p < 0.05, Bonferroni (baseline) and Tamhane T2 (T1, T2, T3) post hoc test; SD: Standard
deviation
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bracket and the archwire can occur. Baccetti et al19 and
Higa et al20 have investigated the net effective force on
passive self-ligating brackets. Those studies found the
amount of force for correction in vertical and buccolingual misalignment is generated higher on the passive
self-ligating bracket compared with the conventional
bracket at the same degree of teeth displacement.
We propose that differences of friction and net effective force properties between different system brackets
can explain this phenomenon. At the same degree of
teeth displacement, represented by a similar Little’s
irregularity index between the groups in our study,
lower friction will allow more net affective force that
could be transmitted through the periodontal ligament
to the alveolar bone, leading to bone remodeling. The
force differences are reflected in the GCF composition,
with the OPG level found to be significantly lower on
the self-ligating bracket compared with the conventional
preadjusted bracket group at 1, 24, and also 168 hours.
In bone remodeling, OPG serves as a decoy receptor for
RANKL, thereby inhibiting osteoclast differentiation. The
maintained decreasing level of OPG up to 168 hours on
our self-ligating bracket group could indicate that bone
resorption allowing tooth movement into correct alignment was still occurring during the final experimental
period. In addition, the insignificant decreasing change of
OPG level from 24 to 168 hours on the self-ligating bracket
presumably indicates that this bracket system still exerts
light continuous force to allow more tooth movement.
On the contrary, the OPG concentration on the conventional preadjusted bracket group started to increase
approaching its baseline value at 168 hours, which indicates less bone resorption than the self-ligating bracket
group at that specific time period. This could have happened due to aging of the elastic ligatures as stated by
Guimarães et al.21 The orthodontic elastomers, which
were used on our conventional bracket group, were biodegraded in the oral environment by hydrolyses, which
leads to relaxation of the elastomers. The consequence
of the relaxation phenomenon is a decrease on the
mechanical energy transmitted to the tooth resulting in
reduction of tooth movement effectiveness. In that study,
orthodontic elastomers already showed degradation at
the 1-week placement in the oral environment, as evaluated by scanning electron microscopy.
The changes in OPG level by the analysis of GCF may
contribute to a better understanding of cellular activities,
especially in bone, related to orthodontic movement.
Our present study is the first in vivo study that points
out differences of OPG concentration between different
bracket systems used during the early aligning and leveling phase of orthodontic treatment. Extensive research
is needed to understand more about further changes of
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the OPG level during the long-term phases of orthodontic
tooth movement on self-ligating and conventional preadjusted bracket systems.

CONCLUSION
• Both bracket systems showed decreasing OPG concentration up to 24 hours after orthodontic activation.
• The level of OPG on the self-ligating bracket group
continued decreasing at 168 hours, while in the conventional preadjusted bracket group, it started to
increase approaching its baseline value during the
same time period.
• The self-ligating bracket group showed significantly
lower OPG concentration at 1, 24, and 168 hours after
initial activation compared with the conventional
preadjusted bracket group.

Clinical Significance
The maintained decreasing level of OPG could indicate
that bone resorption process still occurs on self-ligating
bracket group up to 168 hours after initial activation.
Optimum orthodontic tooth movement into correct alignment could be expected more to happen on self-ligating
bracket group during experimental period.
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