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ABSTRACT

Background: Fissure sealant prevented dental caries by applicating material over pit and fissure in
posterior teeth, so plaque and debris wouldn’t be retain over it. Nowadays, resin based and glass ionomer
based used widely as a fissure sealant materials. Glass ionomer based has an advantages in anti-caries
effect by fluoride releasing. The adhesion of dental material to the tooth was consider as a factor of
material choice. Shear bond strength was a material test to show the attachment of dental material into
tooth. Objective: This study was aimed to determine the effect of CPP-ACP paste addition after dental
polishing in glass ionomers Fuji V1I shear bond strength as a material for fissure sealants.

Method: This study was a laboratory experimental research with post-test only group design. Twenty
one GIC Fuji VII applied in putty box consist of dental enamel divided into 3 group, each groups consist
of 7 samples. The control group was GIC Fuji VII applied without CPP-ACP paste addition after dental
polishing. Group 1 was GIC Fuji VII applied with CPP-ACP paste addition after dental polishing and
group 2 was GIC Fuji VII applied with CPP-ACFP paste addition after dental polishing. Shear bond
strength calculated with UTM machine. Data analysis using Kruskal-wallis followed by Mann-Whitney
test.

Result: There were significant differences (p <0.05) seen from the GIC Fuji VII shear bond strength on
the groups 1 compared with control group. But, there were no significant different seen in control group
compare to group 2 and in group 1 compare to group 2. Conclusion: The addition of CPP-ACP paste after
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dental polishing increased Fuji VII shear bond strength as fissure sealant material.
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INTRODUCTION

Oral common chronic infectious disease, namely dental
caries starting with primarily Streptococcus Mutans, the
cariogenic bacteria adherent in the tooth surface, then
metabolize sugars to produce acid. The acidogenic
environment then demineralizing the tooth structure, started
with enamel over time* which leads to the formation of dental
caries lesion. In permanent dentition, the development of new
caries lesion associated with the depth of first permanent
molars’s fissure. The preventive method for patients should
be chosen by assessing the importance of the fissure anatomy?
in developing dental caries.

Dental fissure sealants or dental sealant and fluoride
varnishes are used widely to prevent caries? Sealants act to
prevent caries by sealing the depth fissure with flowing
material. When fissure are sealed, they will no bacterial

Available on:
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growth then continued to become dental decay. Evidence
shows that fissure sealants are effective in preventing caries
in many teeth of children and adolescents compared to teeth
with no sealants.Nowadays, the choice of material for fissure
sealant is resin-based or glass ionomer-based. Glass ionomer
materials is known to have advantages over resin materials,
including: could be applied in pre-erupted teeth, could be
used in younger children and another advantage is the release
of fluoride (an anti-caries agent). In addition, adequate
isolation of the GIC material is not required. Moreover,
fissure sealants based on glass ionomer are more effective
than composite resins in preventing the attachment of S.
mutans bacteria.’Research on the attachment of Fuji V1l glass
ionomer cement, which is sometimes used as a glass ionomer-
based fissure sealant material towards tooth structure, has not
been widely found. However, in a previous study by
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Kucukyilmaz and Savas, it was found that the highest shear
bond strength was found in Fuji VII EP (glass ionomer
material with CPP-ACP content) compared to other types of
glass ionomer materials.® Problems arise when this material
is not available in the market. In the Indonesian market, this
problem encourage the authors to conduct research about the
effect of adding CPP-ACP paste on the adhesion of fissure
sealants based on glass ionomer.

METHODS

This study was an experimental laboratory research with post
test only control group design. Twenty-one samples were
divided into 3 groups (control, treatment 1, treatment 2). In
the control group we only stained and applied GIC Fuji VII
material on tooth samples. Samples in the treatment group 1
were added CPP-ACP after polishing then applied GIC Fuji
VII material, while in treatment group 2 we added CPP-
ACFP (CPP-ACP with fluoride) after polishing, then applied
GIC Fuji VII material.

Samples were made by selecting premolars according
to the following criteria: no caries, no decalcification, never
installed orthodontic brackets, no enamel defects, and no
fillings—Samples then prepared the buccal portion of the
premolars to the extent of enamel using a wheel diamond bur
until smooth and even. The root of tooth was cut and then
implanted in putty impression material measuring length x
width x height of 10 x 10 x 25 mm. The teeth that had been
embedded in the putty beam were then stained with pumice
and treated with the addition of CPP-ACP paste and CPP-
ACFP paste after polishing and filled with GIC Fuji VII
material with 4 mm diameter and 4 mm height of object.
Shear bond strength was measured in megapascals (MPa)
using a universal testing machine (UTM) of the Shimadzu
brand at a speed of 1 mm/minute until the sample and
specimen were separated into 2 parts between the fissure
sealant material and the teeth. After hitting the specimen, the
number on the load will increase until the sample is split into
2 parts and the crosshead will automatically stop. The number
on the load will indicate the maximum force which is then
used to calculate the shear bond strength using the formula
below, (Anusavice et al., 2013):

F
o= 1 x 0,09807 MPa

Description:
o = Shear bond strength (MPa)

F = Force (Kgf)
A = Surface area (cm?)

RESULT
The result of shear bond strength measurement in 21 sample
was divided into 3 groups in the following table:

Table 1. Shear bond strength measurement in 3 groups

Surface area Shear strength
Maximum mm?2 IPa
Groups Sample force (N) 3.14(x 2 m]ln x2 NIath:um :'ﬂrtef
mm surface area
1 522868 12.56 0.416
2 12 4946 12.56 0.995
3 243276 12.56 1.937
Control 4 29311 12.56 2334
5 16.8354 12.56 1340
[ 172044 12.56 1370
7 13.7879 12.56 1.098
Treatment-1 1 20,0739 12.56 1.598
(added with 2 16.9921 12.56 1.353
CPP-ACP 3 38.7143 12.56 3.082
after 4 39 4963 12.56 3.145
polishing) 5 41.7701 12.56 3326
6 393661 12.56 3.134
7 20.0206 12.56 1.594
1 0.60288 12.56 0.048
Treatment-2 2 36.9302 12.56 2.940
(added with 3 6.639 12.56 0.520
CPP-ACFP 4 434113 12.56 3456
after 5 27.058 12.56 2154
polishing) 6 25.5593 12.56 2.035
7 212414 12.56 1.691

Meanwhile, the average of shear bond strength in 3 groups
can be seen in table 2 and graph 1.

Table 2. The average of shear bond strength in 3 groups

Variable - Groups Results

Shear ) Bond Control 1,3557 + 0,629

Strength Treatment-1 2,4617 + 0,892
Treatment-2 1,8362 + 1,219

Shear Bond Strength

2.461708
371

1.836238

1.355659 399
463 v

-w

Kontrol ~ CPP-ACP CPP-ACFP

Picture 1. Comparison of the average shear bond
strength in the control group, group 1 (CPP-ACP) and
group 2 (CPP-ACFP)

Table 2 and Graph 1, demostrated that the average of shear
bond strength in the treatment group with the addition of
CPP-ACP paste after polishing (P1), and with the addition of
CPP-ACEFP paste after polishing (P2) were higher than in the
control group. The highest result of shear bond strength was
obtained in treatment group 1, namely the group with the
addition of CPP-ACP paste after polishing.

The next stage is Kruskal Wallis and Mann Whitney
test to find out the difference between the 3 groups. From the
test above, the significance value of p =0.117 (p > 0.05). We
can conclude that there is no significant difference in the three
groups.
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Table 3. Kruskal Wallis test result in 3 different groups

Groups Sig.
Control - Treatment 1 — | 0.117
Shear Bond | Treatment 2
Strength different | (3 Groups)
test

The last statistical test used was the Mann Whitney
test to compare one group to the other. We used the test to
establish the comparison between:

a. Control group vs treatment group 1 (CPP-ACP paste
addition after polishing)

b.  Control group vs treatment group 2 (CPP-ACFP paste
addition after polishing)

c. Treatmen group 1 vs trreatment group 2 (CPP-ACP
paste addition after polishing vs CPP-ACFP paste
addition after polishing)

The comparison of shear bond strength in control
group and treatment group 1 (CPP-ACP) were significantly
different (p = 0.025 < 0.05), though the comparison between
control group and treatment group 2 (CPP-ACFP) showed no
significant difference (p = 0.338 > 0.05). The similar
significantly indifference were found in the comparison
between treatment group 1 and treatment group 2 (p = 0.482
> 0.05)

Tabel 4. Mann Whitney test result among groups

Groups Sig.
Control and treatment | 0.025
1
Shear Bond | Control and treatment | 0.338
Strength 2
Treatment 1 and | 0.482
treatment 2

Based on the results of the different tests carried out between
each group, it was found that only the control group and group
1 (treatment with the addition of CPP-ACP after smearing)
had significant differences, while between other groups, the
differences were not significant. The absence of a significant
difference does not mean that there is no difference at all
because when viewed from the average there is a difference
in numbers. However, statistical calculations based on the
results of differences in result was not significant (p>0.005)

DISCUSSION

Fissure sealant is a preventive method in dental caries which
is carried out by applying a layer of cover which will protect
pits and fissures from soft food components.” Fissure sealants
have been used in the last 5 decades as a preventive and
control method of dental caries both in primary and
permanent teeth.® The incidence of caries in the occlusal
surfaces of permanent molars in children and adolescents
reduces for almost 80% in treatment group which applied the
occlusal surface with sealant compared with control groups
that did not have sealants in the fissures. When comparing to

fluoride varnishes, carious lesions in the occlusal surfaces
reduced approximately 70% in permanent molars that applied
with sealant, but it was supported only by low-quality
evidence ®

Use of glass ionomer as a sealant agent gives
advantage as this material continuously releases fluoride and
gives continuous protection from dental caries while still
attached. Fluoride release is a result of acid-base reaction
between the fluoro-aluminosilicate glass powder and the
water-based polyacryllic liquid.’® Glass ionomer can be
applied as a sealant agent on the deep fissures of primary
molars which are difficult to isolate in less cooperative
pediatric patients, or in partially erupted first permanent
molars that are prone to dental caries. In some cases glass
ionomer material needs to be evaluated and possibly replaced
with resin-based material if isolation is adequate. *

Fluoride release from the GIC material influenced
on shear bond strength between GIC material and tooth.
extrinsic and intrinsic factors mixed in a complex process
happened when fluoride release from GIC. Intrinsic factors
such as the formulation of glass ionomers, p/w ratio or
powder and liquid comparation in the GIC material, the
geometry of the sample, duration for blending powder and
liguid (mixing time), material solubility or porosity,
temperature, surface finishing, and treatment. EXxtrinsic
factors playing part in fluoride release include type and
acidity (pH) of storage media, the room or environmental
temperature, study design, analysis method of the study.
Surface loss, fluoride dissusion through cracks and material
pores, and bulk diffusion are three mechanism that
responsible in fluoride releasing in glass ionomers.'? The
lowest shear bond strength was observed in research by
Somani et all in 2016 was Fuji 1. It could be because during
the initial setting period, they are susceptible to attack by
moisture. They also have short working time, long setting
time and maturation time.'* However, this study did not
involve GIC Fuji VII as a comparison used in this study.
More research is needed involving the Fuji VII GIC and other
types in the future.

Casein phosphopeptide-amorphous calcium
phosphate (CPP-ACP) was a new type of bioactive material
which derived from casein (milk protein). It formulated from
two parts: casein phosphopeptides (CPP) and amorphous
calcium phosphate (ACP) that blended and formed CPP-ACP
It acts as a reservoir of bio-available calcium and phosphate,
promoting their precipitation on the enamel surface and
effectively enhancing remineralization- 1415 Based on study in
clinical research and in vitro, CPP-ACP showed excellent
remineralization effects, demonstrated improvements in
morphology, aesthetics, and function in treating white spot
lesions case. *6

CPP-ACP causes decrease in demineralization and
increase of remineralization in the surface of an early dental
caries. Y7 An example of naturally-sourced agent that affects
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enamel remineralization is the free-range chicken eggshells,
usually applied as a paste.*®

In other countries the mix of GIC and CPP-ACP
based fissure sealant agents have been marketed and are ready
to use. Laboratory studies show that the addition of CPP-ACP
on a GIC-based agent can increase compressive strength and
micro-tensile bond strength on dentin, and increase release of
calcium and phosphate in acidic and neutral environment.*®
This correlates with the higher average shear bond strength in
treatment group 1 in our study (addition of CPP-ACP paste
after polishing), compared to control group (without
addition). The result was significant, which indicates the
addition of CPP-ACP paste after polishing will increase shear
bond strength on GIC material.

Glass lonomer combined with 3% CPP-ACP
significantly reduced development of S. mutans biofilm, thus
indicating another potential anticariogenic mechanism of
CPP-ACP. The formation of S. mutans biofilms disrupted by
aqueous CPP-ACP addition. The use of CPP-ACP containing
GIC together with regular CPP-ACP treatment can reduce the
number of S. mutans.?’ Casein phosphopeptide-amorphous
calcium phosphate (CPP-ACP) merges into conventional
GIC as a bioactive additional agent.?* GIC with a CPP-ACP
modification shows increase in enamel resistance against acid
demineralization, without any mechanical effect that weakens
GIC. Moreover, GIC with a CPP-ACP modification can also
prevent the advancement of secondary root caries as the
biofilm undergoes a cariogenic multi-species change in a
laboratory experiment. Other study also showed the addition
of CPP-ACP on GIC material can increase shear bond
strength (SBS) on enamel compared to conventional GIC.
Adhesion of CPP-ACP modifed GIC on a caries lesion or a
demineralized dentin is still yet to be described. However,
studies showed the agent is still more superior to conventional
GIC in initiating remineralization of dentin.??

In our study, in our treatment group 2 we added CPP-ACFP,
or CPP-ACP with fluoride after polishing. Statistic study
showed no significant difference in shear bond strength
between control and treatment 2 groups. Theoretically, CPP-
ACFP comnbines 2 remineralization agent, CPP-ACP and
fluoride.?® CPP-ACP can localize ACP in a dental structure,
and increase calcium phosphate in dental plaque, thus
maintaining the activity of calcium and free phosphate ion.
This will help maintain dental enamel supersaturation
resulting in decreased dental demineralization and increased
remineralization.’* The presence of fluoride ion causes the
unstable ACP to produce fluoroapatite. The formation of
intraoral fluoroapatite will eventually take up existing
fluoride ions and reduce dental enamel demineralization
ability in an acidic evironment.?* Attigupe et all ini 2019
found that the addition of CPP—ACP increased the fluoride
release from the fluoride varnish which might have further
enhanced its remineralization property. % The enhanced
remineralization will impacted the shear bond strength. Shear
bond strength values reduces after pre-treatment of enamel

with 1.23% APF and 5% SFV prior to fixing orthodontic
brackets 2

After application of CPP-ACP agent, we used a 10%
polyacryllic acid as a conditioner for 20 seconds.
Conditioners are described as an agent (usually acidic) used
to condition enamel/dentin surface by removing smear layer
which on a certain level can stimulate deminerailzation of
enamel or dentin surface. Smear layer itself is described as an
amorphous and relatively smooth layer of microcrystalline
debris, accumulated in the surface that cannot be seen with
the naked eye. The American Association of Endodontics
describe smear layer as a surface film or debris retained on
enamel, dentin, and cementum after instrumentation with
either rotary instruments or endodontic files. 2 Use of
conditioning agent is usually expected to increase the
interaction between tooth and restoration agents.

Based on both theories above, the addition of
fluoride ion in CPP-ACFP form will prevent demineralization
process on enamel caused by conditioning agents. It is still
possible that this may prevent the adhesion of glass ionomer
cement agent used in this study as fissure sealant. However,
further study on the effect of fluoride application on the
efficiency of conditioner agents is still needed.

In this study we found a widely fluctuative shear
bond strength among treatment groups. This may be caused
by several uncontrollable factors during the making of study
samples, such as the condensation force of GIC agent
application or the varied timing of GIC application. However,
this does not indicate lack of control during the process. We
controlled w:p ratio as suggested by manufacturing factory in
each sample. Factors that may affect mechanical
characteristics including shear bond strength of GIC include
mixing technique whuch may minimize porosity, material
manipulation of powder and liquid until setting phase,
powder-liquid ratio, viscosity, and material homogeneity.
Porosity is one factor that may affect GIC material strength.
Porosity results from an imperfect mixing technique, that
causes trapped air inside the mix, which will eventually affect
adhesion of GIC material to dental surface.?®

CONCLUSION

In this research we found that the addition of CPP-ACP paste
after dental polishing increased Fuji V1 shear bond strength
as fissure sealant material.
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