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ABSTRACT

Background: White spot lesion is a major problem during fixed orthodontic treatment. This problem can be solved by minimizing
white spot lesion before the treatment and using a fluoride-releasing bonding agent. The application of casein phosphopeptides-
amorphous calcium phospate fluoride (CPP-ACPF) paste as remineralization agent before treatment and GIC as orthodontic
bonding agent is expected to overcome this problem as well as to strengthen GIC bonding. Purpose: To measure the shear strength
of fix orthodontic appliance using GIC bonding with CPP-ACPF application prior treatment. Methods: In this study, 50 extracted
premolars were randomly divided into 2 groups: group 1 as treatment group and group II as control group that was not given CPP-
ACPF pretreatment. After having been cut and put into acrylic device, the samples in group I were given pretreatment with CPP-ACPF
paste on enamel surface for 2 minutes twice a day as instructed in product label for 14 days. Orthodontic brackets were bonded with
GIC bonding agent on all samples in both groups as instructed in product label. Then, the shear strength was measured by Autograph
Shimatzu with crosshead speed 0.5 mm/minute. The data was analyzed with Independent t-test. Results: The mean shear bond strength
in treatment group was 19.22 + 4.04 MPa and in control group was 12.97 + 3.97 MPa. Independent t-test analysis showed that there
was a significant difference between treatment and control group (p<0.05). Conclusion: CPP-ACPF pretreatment could increase
GIC orthodontic bonding shear strength.
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ABSTRAK

Latar belakang: Lesi putih karies merupakan masalah utama selama perawatan dengan peranti cekat ortodonti. Hal ini dapat
diatasi dengan cara mengurangi lesi putih sebelum perawatan dengan menggunakan bahan bonding yang mengandung fluorida. Aplikasi
pasta casein phosphopeptides-amorphous calcium phospate fluoride (CPP-ACPF) sebagai bahan remineralisasi sebelum perawatan
dan bahan bonding GIC diharapkan dapat mengatasi masalah ini sekaligus menambah kekuatan cekat bahan bonding GIC. Tujuan:
Mengukur kekuatan geser piranti cekat ortodonti menggunakan bonding GIC dengan aplikasi pasta CPP-ACPF. Metode: 50 gigi
premolar dibagi menjadi 2 kelompok, yaitu kelompok I sebagai kelompok perlakuan dan kelompok Il sebagai kelompok kontrol. Setelah
gigi dipotong dan ditanam dalam tabung akrilik, diaplikasikan pasta CPP-ACPF pada permukaan enamel sampel pada kelompok
[ selama 2 menit 2 kali sehari selama 14 hari. Aplikasi pasta CPP-ACPF tidak dilakukan pada kelompok kontrol. Kemudian breket
ortodonti direkatkan dengan bahan bonding GIC pada semua sampel di kelompok I dan kelompok II. Kekuatan geser diukur dengan
menggunakan alat Autograph Shimatzu dengan kecepatan cross head 0.5 mm/menit. Data dianalisis dengan statistik independent t-test.
Hasil: Rerata kekuatan geser pada kelompok perlakuan 19,22 + 4,04 MPa dan pada kelompok kontrol 12,97 + 3,97 MPa. Analisis
Independent t-test menunjukkan bahwa terdapat perbedaan signifikan antara kelompok perlakuan dan kontrol (p<0.05). Kesimpulan:
Kekuatan geser antara piranti cekat ortodonti dengan bahan bonding GIC meningkat setelah aplikasi pasta CPP-ACPF.

Kata kunci: Kekuatan geser, bonding GIC, CPP-ACPF
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INTRODUCTION

Recently, orthodontic treatment is a viable option to
repair teeth arrangement and aesthetics, however, risks
of caries will increase on patients using fixed orthodontic
appliances. White spot lesions, which are an indication
of early caries activity, usually occur after orthodontic
treatment in varying degrees. In the first few weeks after the
extrication of brackets, an exponential decrease of the white
spot lesions was found remineralization, albeit only around
half the initial lesions were remineralized after 6 months
without any specific therapy. Topical fluoride is often used by
dentists to help remineralization.! To prevent the worsening
of occuring caries lesions, an oral hygiene improvement and
a minimization of early caries lesions are needed before
performing any orthodontic treatment. Besides, bonding
agents with cariostatic properties or those containing fluoride
can also be used to deter this problem.

Fluoride may influence the strength of glass ionomer
cement (GIC) based orthodontic bracket adhesive, whereas
the higher the fluoride content within the GIC, the lower its
shear strength.>?® GIC bonding agent has the lowest bonding
strength and is also prone to debonding.* However, it is
also able to prevent caries better as compared with other
bonding agents due to its fluoride-releasing property.’
Moreover, having low bonding failure is a priority in
fixed orthodontic treatments due to the frequent debonded
bracket replacement which is inefficient, time-consuming
and costly.°

Because of this problem, an alternative remineralization
agent is needed, one that does not lower the bonding
strength of the orthodontic brackets. It is stated that
casein phosphopeptides — amorphous calcium phospate
(CPP-ACP) paste can help remineralization.” CPP-ACP
acts as a remineralization and anti-cariotic agent due to
its plaque-preventing property and also plays the role
of calcium and phosphate reservoir on dental surface.®
Casein phosphopeptides-amorphous calcium phospate
fluoride (CPP-ACPF), the combination of CPP-ACP with

Figure 2. Shear strength test aid appliance (A and B).

Figure 1. Bracket attachment.

fluoride, is proven to have a stronger remineralization effect
compared to CPP-ACP.’

It was stated that 3% and 5% CPP-ACP addition to
the GIC bonding agent attains a lower fluoride-releasing
property than pure GIC bonding agent, although there
was an increased release of calcium ions and inorganic
phosphates.'? Demineralization lesions found on the
enamel around the GIC bonding agent are also fewer than
those found in the GIC bonding control group. However,
the effect of using CPP-ACPF paste before orthodontic
treatment towards GIC orthodontic bracket bonding agent
is still unknown.

One of the methods utilized to determine the bonding
strength of orthodontic bracket bonding agents is
performing shear strength tests. The shear strength value is
the maximum force attained as the bracket shifted parallelly
on dental surface.? A low shear strength can mean that the
bonding strength is also low. Based on the idea, this study
was done to measure the effect of CPP-ACPF pretreatment
to GIC orthodontic bonding agent shear strength. This
study was expected to widen the knowledge of dentists and
dental students about the effect of remineralization prior to
orthodontic treatment.
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Figure 3. The diagram of shear strength test aid appliance. Yellow and green area indicates the smaller two halves of bronze cylinder;

each blue area indicates acrilic from plastic tube I and II.

MATERIALS AND METHODS

Fifty samples of post extracted human maxilla and
mandibular premolars with normal enamel. Samples were
obtained from The Department of Oral and Maxillofacial
Surgery in Faculty of Dentistry, Universitas Airlangga. The
teeth samples were divided randomly into 2 groups: the
treatment group which received CPP-ACPF paste (Tooth
Mousse Plus, GC) application, and the control group which
did not receive CPP-ACPF paste application. Artificial
saliva was made by mixing all following ingredients to
attain a homogenic mixture. The ingredients are: Na,HPO,
(0,426 grams), NaHCO; (1,68 grams) CaCl, (0,147 grams),
extraction H,O (800 ml), and HCI-IM (2,5 ml)."!

After extraction the teeth were cleaned in flowing
water and stored in a moist condition by wrapping in a
piece of cloth drabbled with distilled water, then placed
in a closed container and frozen in the temperature of
-4 °C until the experiment was done to preserve the
condition and humidity the teeth as it would be within
the mouth cavity.'? The tooth surface was cleaned using
pumice on a low-speed handpiece brush to remove debris,
and dried using cotton pellets.

The teeth were cut on the crown with the same thickness
as plastic tube [ using a separating disc attached to a straight
handpiece while holding the samples around the root by
hand. The teeth were cut on the cervical section to separate
the crown and the root. Plastic tube I was placed on top a
glass plate oiled with vaseline. Then the acrylic admixture
was filled into the plastic tube layer by layer up to the dough
stage before placing the cut tooth inside the tube with its
buccal surface facing upwards. Mesio-distal and occluso-
gingival surfaces were arranged to be balanced to the most
convex part at the same height as the top of the plastic tube.
Excessive acrylic was then cleaned using a modelling knife
without changing the position of the attached tooth.

The CPP-ACPF paste was applied on the enamel surface
of the tooth for 2 minutes. Afterwards the tooth was then
irrigated using 10 ml of distillated water twice to ensure
that the tooth enamel is clean, then it was dried using sterile
cotton pellet and stored in a glass bottle filled with artificial
saliva. This treatment was given twice a day (once every
12 hours) for 14 days.'* Samples were stored within glass
bottles filled with artificial saliva when the samples do not
receive any treatment.

Polyacrylate acid (20%) conditioner (Fuji Ortho LC,
GC) was applied using cotton pellets on cleaned tooth
surface. Application was done on the area of the bracket
bonding (20 mm?). Conditioner was applied for 20 seconds,
then flushed using water spray for 30 seconds. GIC powder
and liquid (Fuji Ortho LC, GC) were mixed according to
manufacturer direction, which is 3:1 in weight (1 spoon of
powder to 2 drops of the liquid). The powder was separated
into 2 equal parts, one part was mixed with the whole liquid
for 10 seconds, and the second part was mixed into the
admixture in the following 10-15 seconds.

GIC adhesive was applied on bracket (Ortho Organizer)
using an applicator stick, pressed on the bracket to allow
mechanical tension on the back of the bracket. Bracket
was then attached onto the tooth to obtain the thinnest
layer of adhesive as possible. Excessive adhesive agent
was removed using a probe. The bracket was then cured
using a light curing unit from four directions, each for 10
seconds. All specimens were stored in normal saline for 3
days before performing the attachment into plastic tube 11
using acrylic (Vertex).

Area around the bracket was given blue wax (Cavex) at
the height of tube I to eliminate undercut areas before the
application of acrylic in plastic tube II. Then, teeth attached
in acrylic were removed from plastic tube I. The remaining
height of plastic tube II was filled with acrylic by inserting
alayer of powder (3 mm), and then dropped with monomer.
This was done repeatedly until the tube was full and then
flattened using a glass plate. The excessive acrylic was
removed using a modelling knife. After the acrylic hardens,
the tooth and bracket attached in the acrylic were removed
from plastic tube II and soaked in distillated water for 24
hours before further testing was performed.

The cast, tooth along with the bonding agent and
bracket in a linear arrangement was then placed within a
bronze cylinder opposite to the two halves of the bronze
cylinder. To secure the movement that will occur, the two
bronze halves were inserted into larger tube and fastened
with a screw. The bronze aid appliance was placed on
the Autograph Shimatzu from Japan with its lower hook
clasped on the Autograph’s holder and the upper hook is
attached to the Autograph’s hook which will later move
upwards. The speed of the cross head was set on 0.5
mm/minute on the Autograph’s control panel and the load
recorded on the monitor from the release of the bracket was
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then recorded. Afterwards, obtained data were analysed
using an Independent t-test.

RESULTS

The shear strength (MPa) was obtained by dividing
shear force value (kN) read on the Shimatzu Autograph
device by the bracket surface area attached to tooth enamel,
which was 12 mm?. The shear strength of the treatment
group which received an application of CPP-ACPF paste
was greater than that of the control group. Kolmogorov
Smirnov normality testing showed that data from both
groups were normally distributed (p>0.05). Homogenity
testing using Levene’s test showed that data from both
groups were homogen (p>0.05). On a difference testing
using Independent t-test, it was found that there was
a significant difference between shear strength of the
treatment group and the control group (p < 0.05).

DISCUSSION

Initial caries or white spot lesion is formed by the
combination of carbohydrate diet and bacterial infection
mediated by saliva. It is caused by the imbalance between
enamel demineralization and remineralization. White spot
lesion is a precursor to enamel caries. White discoloration of
the early caries lesion is caused by an optical phenomenon
due to the loss of minerals on the enamel surface or
subsurface. The solubility of the enamel crystal started
from demineralization at the enamel subsurface creating
pores between enamel rods. This will cause alterations on
enamel refraction index and coarseness.'*

White spot lesion is a problem during orthodontic
treatments, especially in fixed appliances treatments.
The usage of fixed appliances will increase plaque
retention. Furthermore, in a bad oral hygiene condition,
plaque and acidogenic bacteria accumulation will cause
demineralization. A study stated that 38 % of patients have
white spot lesion within 6 months after the attachment of
fixed appliances and 50% of patients has white spot lesion
by the end of their orthodontic treatment. '

Minimizing white spot lesions before fixed orthodontic
treatment has become an important issue to clinicians.
White spot lesion may exist on patients who have or have
never received prior orthodontic treatment, or those who
have received the first phase of orthodontic treatment before
using fixed appliances, for instance: functional appliances,
rapid maxillary expansion, or other treatments. Clinicians
can help patients to overcome white spot lesions using some
pretreatment procedures on the enamel.'®

Besides, mineral content on enamel may also affect
the attachment of orthodontic brackets. On demineralized
enamel, for instance because of the presence of caries lesions
or post bleaching, the bonding strength of the orthodontic
bracket tends to be lower compared to the bracket bonding

Table 1. Descriptive analytic mean and standard deviation shear
strength (MPa) and shear force (kN) results on each
group

Shear force Shear strength
Group Mean Standard Mean Standard
deviation deviation
Treatment 0.23 0.05 19.22 4.04
Control 0.16 0.05 12.97 3.97

on normal enamel.!”'8 Therefore, a procedure is needed to
remineralize the enamel to improve the bonding strength
of the bonding agent.

Several mechanisms that can be applied to minimize
the enamel demineralization process during orthodontic
treatment are by using topical remineralization agent,
maintaining oral hygiene and controlling diet. The use of
CPP-ACP as a remineralization agent showed a synergistic
effect with topical fluoride, which has been widely known
as a remineralization agent. Topical anticariotic effect of
milk is the initial idea of the production of CPP which has
the ability to stabilize calcium and phosphate in amorphous
form. CPP molecule contains residual phosphoseryl
group which increases calcium phosphate solubility by
stabilizing ACP in neutral and alkaline condition. Multiple
phosphoseryl residue in CPP binds with ACP nanoclusters
in a supersaturated condition. This will hamper ACP
molecule growth towards critical size which will allow
ACP to change phase.'*

In this study, the remineralization agent used is CPP-
ACPF paste, which is CPP-ACP added with 0.2% of
fluoride. The anticariotic activity of CPP-ACPF has been
proven in vitro and in vivo on humans and animals. CPP-
ACPF nanocomplexes binds with plaque and tooth surface,
then acts as calcium and phosphate reservoir, and cause
an increase in the concentration of calcium and phosphate
ions in plaques. This will keep the supersaturated condition
of ACP on enamel mineral, hamper demineralization and
increase enamel remineralization. An immunolocation
study states that CPP-ACPF fuses with supragingival plaque
by binding to the bacteria’s cell surface, intercellular matrix
components of plaque and adsorbed macromolecules of the
tooth surface. This condition will reduce the formation of
cariogenic plaque.'

Recently, the most commonly used orthodontic
bonding agent is the composite resin. Composite resin
possesses the highest bonding strength of other types of
bonding agents.?’ However, resin-based bonding agents
have many disadvantages, such as the occurence of more
demineralization lesions in areas adjacent to the bracket.?!
Acid etch is also required in the bonding procedure.
The usage of phosphoric acid as acid etch can increase
decalcification due to the loss of enamel minerals. This loss
can also occur during debonding procedure. In addition,
resin tags which penetrated the enamel surface during the
bonding procedure will stay within the enamel even after
debonding, which in turn causes the increase of staining on
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tooth surface after orthodontic treatment is completed.?

Another alternative to resin-based bonding agent is
matrix-based bonding agent, which is commonly known
as GIC bonding agent. GIC has a number of advantages
compared to resin-based ones. GIC does not need absolute
moisture control, which is hard to achieve because despite
of isolation, the teeth in oral cavity will still be moistened
by saliva.?

GIC also possesses the ability to prevent enamel
demineralization around the bracket because it contains
fluoride that can be released to adjacent enamels in a
relatively long period of time, other than capable to absorb
fluoride from other sources, such as fluoride from toothpaste
or mouthwash. In other words, this agent serves as a slow-
release and rechargeable fluoride media. It will cause a
decrease in the incidence of decalcification and formation
of early caries lesion adjacent to the orthodontic bracket.
Besides, GIC does not require acid etch which damages
enamel surface and increase vulnerability to caries.?*

In spite of its advantages, GIC orthodontic bonding
agent still has a limited use due to its lower bonding
strength than other bonding agents like composite resin.?
The bonding strength can be known by measuring the shear
strength between GIC-bonded orthodontic bracket and the
enamel surface it is attached to. Based on past studies, it has
been known that the average shear strength of GIC bonding
agent after CPP-ACPF paste treatment (19.22 MPa) was
greater than that of control group which did not receive
CPP-ACPF paste treatment (12.97 MPa). This number
far exceeds the required bonding strength for orthodontic
treatment, which is 6-8 MPa.?®?” This is probably caused
by an increase in the level of calcium ion on the enamel
due to the CPP-ACPF paste application. GIC bonding
agent adheres to the enamel through chemical bonding
with the calcium ions. In this case, GIC is capable to bond
with more ion calcium on the enamel, resulting in a greater
shear strength.

This study was done with in vitro approach so that it
cannot prove the remineralization influence of CPP-ACPF
paste towards the bonding strength of GIC bonding agent
in the oral cavity. There are a few limitations of an in vitro
study which is not similar to the biological conditions of
the oral cavity such as: the absence of caries bacteria which
can cause demineralization and create biofilm or plaque on
tooth surface.?® This plaque may inhibit CPP-ACPF activity
to caries bacteria or biofilm.

To create an experimental condition as close to the
condition within the oral cavity, freshly extracted teeth
were used in this study. The teeth were stored and frozen
right after extraction to avoid dehydration and loss of teeth
minerals. The storage is intended so that all teeth have the
same moisture during the experiment because the samples
were not obtained at the same time. This moisture needs
to be maintained because normal enamel in the oral cavity
is comprised of 96 percent inorganic material, 1 percent
organic material and 3 percent water®® and the loss of water
molecules may cause enamel alteration which will influence

the remineralization.

Artificial saliva was used in this study, however, it
may never completely replace the function of saliva in the
oral cavity. The composition of saliva in the oral cavity is
different with those of the artificial saliva, thus the bonding
of calcium and other molecules contained in the saliva to
the tooth surface can not happen.?® The composition and
flow of saliva in the oral cavity is also influenced by the
diet and activity of the person, causing it to be different
in each people.*® The volume of the artificial saliva also
can not be the same to that of the saliva in the oral cavity.
Tooth surface in different position in the oral cavity, for
instance on the maxilla or mandible, will be moistured by
a different volume and source of saliva. An increase in
remineralization agent concentration given also may not
be equalized as the volume increase done in vivo, causing
the results of this study to less represent the effect of
remineralization in vivo.?

As aconclusion, the use of CPP-ACPF paste pretreatment
could significantly increase the shear strength of orthodontic
bracket bonding using GIC bonding agent.
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