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Abstract

Background. In the field of pediatric dentistry, preventing microleakage of glass ionomer cement (GIC)
s important for clinical success. The abrasion and roughness of the surface of the restorative material that
results from brushing can cause microleakage. The application of surface protection is intended to prevent
this situation.

Objectives. The aim of the study was to evaluate the levels of microleakage following toothbrushing after
the application of GICs with or without surface protection.

Material and methods. Cavities formed on the buccal surfaces of 180 extracted primary teeth were
restored with resin-modified glass ionomer cement (RMGIC), and the teeth were divided into 3 groups
according to the surface protection application, with an equal number of samples in each group (n = 60).
The thermal cycle was applied to all samples. Subsequently, the groups were divided into 5 subgroups
(n=12/group) according to the brushing simulation (no brushing, and 1, 3, 6, and 12 months of brushing).
The samples were stored in 2% methylene blue for 24 h and sectioned in the buccolingual direction.
The presence of microleakage was determined with the use of a stereomicroscope. The data was statisti-
cally analyzed.

Results. No statistically significant differences were observed between the main groups at all brushing
times (p > 0.05). However, higher microleakage results were obtained in the group without surface pro-
tection. When the groups were evaluated according to the duration of brushing, no statistically significant
differences were identified (p > 0.05), but higher microleakage results were obtained in the samples that
underwent brushing for 12 months.

Conclusions. Although statistically significant results were not obtained in terms of microleakage regard-
ing surface protection application and brushing, it should be noted that coating restorations with surface
protectants may contribute to a smoother surface and marginal integrity, and may be beneficial in reducing
microleakage.
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 The application of surface protectants to RMGIC restorations effectively reduces microleakage.
* No difference in microleakage was observed between nano-filled and adhesive surface protectants.
* While brushing does not significantly affect microleakage, prolonged brushing may increase surface wear and leakage

in RMGIC materials.

Introduction

Dental caries is a multifactorial, preventable and com-
mon childhood disease.”> The condition can cause pain,
difficulty in eating, malnutrition, aesthetic problems,
decreased self-confidence, and, therefore, a decrease in
quality of life.2* In order to prevent the occurrence or
progression of dental caries, the treatment of decayed
teeth should be performed promptly.> Amalgams, glass
ionomer cements (GICs), compomers, and composite
resins are used as restorative materials in the treatment
of primary teeth.® Glass ionomer cements are used in the
treatment of primary teeth and are considered an alterna-
tive restorative material that is frequently used in pediatric
dentistry.” Glass ionomer cements were first introduced
by Wilson and Kent in 1972.° These materials are formed
by the curing reaction between powdered aluminosilicate
glasses and an aqueous solution of polyacrylic acid.®
Glass ionomer cements allow for conservative preparation.
They can chemically bind to dental tissues, release
fluoride, and be placed in a single step.” Conversely,
studies have highlighted several drawbacks, such as low
wear resistance, short working and long curing time, high
initial moisture sensitivity, and the occurrence of micro-
leakage.® To address the limitations of conventional glass
ionomer cements (CGICs), resin-modified glass ionomer
cements (RMGICs) have been developed. It has been doc-
umented that RMGICs have better adaptation, adhesion
and aesthetic properties than CGICs.? Although RMGICs
demonstrate resistance to early contact with water, it is
not clear how sensitive these materials are to hydration
or dehydration immediately after light activation.! Upon
exposure to moisture, the mechanical resistance of GICs
decreases, and the surface experiences accelerated wear.!!
The use of Vaseline®, cocoa butter, varnishes, and various
surface-covering agents is recommended to prevent early
contact of GICs with water. Among these, light-curing
resin-containing sealants are particularly noteworthy.!!

One of the most important factors affecting the success
of restorative materials is microleakage. Microleakage is
defined as the passage of bacteria, molecules, liquids, or
ions between the cavity wall of the tooth and the filling
material applied to it.!? Microleakage negatively affects
the success of the restorative material by causing problems
such as secondary caries, sensitivity, diseases affecting
the pulp, and marginal discoloration in the restoration.!®

Microleakage may occur due to thermal changes, loss
of contour as a result of wear in the restorative material,
mechanical stress, or a lack of adaptation of the restorative
material, which can result in a gap at the tooth—material
junction.* Restorative materials are exposed to chewing
forces, dietary habits and brushing forces in the oral cavity.
These factors can lead to wear of restorative materials over
time and loss of anatomical form.!® Toothbrushing has been
shown to cause adverse conditions, including wear that leads
to roughness and microleakage on the surface. This is due
to the abrasive content of toothpastes and the mechanical
effect of the brush.'®'” It has been reported that the
application of surface protection is effective in preventing
microleakage by improving the mechanical and physical
properties of materials.!'® During maturation, surface
protectants isolate the GIC from saliva contamination,
increase the durability of the restoration, occlude the surface
cracks, and protect the restoration against abrasion.!’
However, the effect of applying surface protection to
prevent microleakage as a result of the abrasive effect of
toothbrushing needs to be investigated. Therefore, the
aim of the study was to examine the levels of microleakage
following toothbrushing after the application of GICs with
or without surface protection, which are frequently used in
the restorative treatment of primary teeth.

Material and methods

This study was conducted at the Department of
Pedodontics of Zonguldak Biilent Ecevit University, Turkey.
It was approved by the Clinical Research Ethics Committee
of Zonguldak Biilent Ecevit University (protocol No.
2021-09; May 5, 2021).

A total of 180 lower and upper primary second molars,
which were indicated for extraction due to infection, peri-
odontal tissue loss or orthodontic purposes were included
in the study. Teeth that were damaged during extraction,
had caries on their crowns, or fractures/cracks in the dental
crown before extraction were excluded from the study.

The number of samples to be used in our research was
determined to have 95% test power (1-[3), 95% confidence
(1-a), an effect size (f) of 0.677, and at least 10 samples in
each of the subgroups. The statistical power was calcu-
lated using the G*Power software (https://www.psycholo-
gie.hhu.de/arbeitsgruppen/allgemeine-psychologie-und-
arbeitspsychologie/gpower). The study was performed
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using a total of 180 samples, with 60 samples allocated to
each of the main groups, and 12 samples included in each
of the subgroups.

Soft tissue remnants and debris were removed from all
studied teeth with a scaler. The extracted teeth were stored
in distilled water until the beginning of the experimental
phase. The roots of the teeth were cut out with a diamond
separator (Komet USA, Rock Hill, USA), under water
cooling, and apical to the cementoenamel junction. The
crowns of the teeth were cut into two on the mesiodistal
axis, parallel to their long axis. In all groups, only the buc-
cal surfaces of the teeth were examined. Class V cavities
were created on the buccal surfaces of the deciduous teeth,
with the dimensions of 3 mm in mesiodistal width, 2 mm in
occlusogingival height, and 1.5 mm in depth. All cavosur-
face angles were precisely measured to be 90 degrees under
water cooling. The prepared cavities were restored with
RMGIC (Fuji II LC; GC Corp., Tokyo, Japan).

Glass ionomer cement in capsule form, which does
not require an adhesive, was prepared by mixing for 10 s
in a mixer, and then applied to the prepared cavities
using a capsule applier. After shaping the initial contour,
the glass ionomer was polymerized by applying 470-nm
wavelength light for 20 s (ELIPAR S10; 3M, Maplewood,
USA). The teeth were not polished after glass ionomer
polymerization. A total of 180 teeth were randomly
divided into 3 equal groups.

The surfaces of the teeth in 2 of the 3 groups were
treated with 2 different protective agents, while 1 group
was left untreated. The present study employed 2 agents,
namely a nanofilled light-curing surface protectant (Equia
Forte Coat; GC Corp.) and a light-cured adhesive material
(Heliobond; Ivoclar Vivadent, Schaan, Liechtenstein) for
the primary teeth.

Following the formation of the groups, all teeth were
stored in distilled water at 37°C for 24 h. Then, the teeth
were subjected to 500 thermal cycles between 5°C and
55°C, with a 10-s transfer and 30-s holding period. After
thermal cycling, each main group was randomly divided
into 5 equal subgroups (n = 12/group) based on the time
spent in the brushing simulator. It was determined that
1 year of toothbrushing was equivalent to 10,000 cycles,
6 months equaled 5,000 cycles, 3 months equaled 2,500
cycles, and 1 month equaled 840 cycles. The brushing sim-
ulator was applied to both groups treated with protective
agents, with each subgroup undergoing equivalent brush-
ing cycles for 1 month, 3 months, 6 months, and 1 year.
The control group was not subjected to brushing. For the
brushing simulation, each tooth sample was placed in the
center of an acrylic block, which was prepared to fit the
sample cups in the brushing simulator (DentArGe TB-6.1
Brushing Simulator; Analitik Medikal, Gaziantep, Turkey).
A single tooth was embedded within each block, with the
buccal surface of the teeth exposed and fixed horizontally.
The brushing simulation was conducted using a chil-
dren’s toothpaste (Colgate-Palmolive, New York, USA)
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mixed with distilled water (1:1) and a children’s toothbrush
with medium hard bristles (Denta, Istanbul, Turkey). The
brushes were replaced after 2,500 cycles. Brushing was
performed for each sample under the following conditions:
a vertical force of 200 g (2 N); a cycle speed of 60 mm/s;
a stroke length of 20 mm; and standardized back-and-forth
movement. Following the brushing simulation, the samples
were removed from the sample cups, and each specimen
was washed with running tap water for 20 s before being
preserved in distilled water.

All teeth were then tested for microleakage. Two coats
of nail polish were applied to all teeth surfaces, with the
enamel surface of the restorations exposed by up to 1 mm.
The teeth were stored in containers with 2% methylene
blue solution at 37°C for 24 h. Following this, the teeth
were removed from the solution, washed under running
tap water for 5 min, and dried. Then, the samples were
bisected in a buccolingual direction under water cooling.
A 0.2-mm thickness diamond separator was used to exam-
ine potential microleakage. The occurrence of dye leakage
in the obtained sections was examined with a stereo-
microscope (Olympus SZ61; Olympus Corporation, Tokyo,
Japan) at x20 magnification. The assessment of dye leaks
in the cavities was conducted using a qualitative scoring
method, as outlined by Sidhu?:

— 0: no dye penetration;

— 1: dye penetration in less than % of the cavity wall;
— 2: dye penetration in more than % of the cavity wall;
— 3: dye penetration seen throughout the cavity wall.

The collected data was recorded digitally, and the high-
est score noted for each sample was evaluated.

Statistical analysis

The data analysis was performed using the IBM SPSS
Statistics for Windows software, v. 23.0 (IBM Corp.,
Armonk, USA). The evaluation of conformity to the normal
distribution was performed using the Shapiro—Wilk test.
The Kruskal-Wallis test was employed to compare the
microleakage values that were not suitable for normal dis-
tribution according to the groups differing by surface pro-
tection application and brushing times. The results of the
quantitative data analysis were expressed as median (Me)
(minimum-maximum) and mean +standard deviation
(M +S8D). The significance level was set at p < 0.05.

Results

The microleakage scores of the samples with and with-
out surface protectants according to the brushing time
are shown in Table 1. The median microleakage score
was 0 in unbrushed samples for all 3 main groups. Higher
microleakage scores were observed in teeth without sur-
face protectants, although the difference between the
groups was not significant (p > 0.05). Furthermore, higher
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microleakage levels were observed after 1, 3, 6, and 12
months of brushing in the control group. However, the
difference between the time points was not statistically
significant (p > 0.05).

The microleakage scores of the samples at varying
brushing times in relation to the application of surface

Fig. 1. Stereomicroscope images showing microleakage in untreated

protectants are shown in Table 2. Higher microleakage samples
scores were observed after 12 months of brushing for all A. Baseline (microleakage score = 0); B. After 1 month of brushing
3 groups. However, the difference between the median (microleakage score = 1); C. After 3 months of brushing (microleakage

score = 1); D. After 6 months of brushing (microleakage score = 2); E. After

values of microleakage scores according to the brushing 12 months of brushing (microleakage score = 3

time was not significant (p > 0.05) (Fig. 1-3).

Table 1. Comparative evaluation of microleakage scores between samples with and without surface protectants subjected to different brushing durations

- S T P e R Microleakage score Stgtistigal test
Brushing time application Samples, n (Szfﬂzf_v\x;;f::gd
no surface protection 12 042 +£0.67 0(0-2)
No brushing adhesive-containing 12 0.25 +0.62 0(0-2) 1.247 0.536
nanofilled 12 0.17 £0.39 0(0-1)
no surface protection 12 0.59 +0.79 0(0-2)
1 month adhesive-containing 12 0.50 +0.80 0(0-2) 0.747 0.688
nanofilled 12 0.33 +0.65 0(0-2)
no surface protection 12 042 +0.67 0(0-2)
3 months adhesive-containing 12 0.50 +0.80 0(0-2) 0.285 0.867
nanofilled 12 0.33 +0.65 0(0-2)
no surface protection 12 0.92 +1.08 0.5 (0-3)
6 months adhesive-containing 12 0.67 +1.07 0(0-3) 0.491 0.782
nanofilled 12 0.75 £1.05 0(0-3)
no surface protection 12 133 +1.37 1(0-3)
12 months adhesive-containing 12 1.00 £1.20 0.5 (0-3) 0.514 0.774
nanofilled 12 1.00 £1.20 0.5(0-3)

M —mean; SD — standard deviation; Me — median.

Table 2. Comparative evaluation of microleakage scores according to the application of surface protection

S e R - Microleakage score St.atistic.al test
e o Brushing time Samples, n Me (MinMax) (SE?UTLZI—_V\\//\;Iak”?Se:; :\tr;d
no brushing 12 042 +0.67 0(0-2)
1 month 12 0.59 +£0.79 0(0-2)
No surface protection 3 months 12 042 £0.67 0(0-2) 4.853 0.303
6 months 12 0.92+1.08 05(0-3)
12 months 12 1.33£1.37 1(0-3)
no brushing 12 0.25 +0.62 0(0-2)
1 month 12 0.50 +£0.80 0(0-2)
Adhesive-containing 3 months 12 0.50 +0.80 0(0-2) 3.557 0.469
6 months 12 0.67 £1.07 0(0-3)
12 months 12 1.00 £1.20 0.5 (0-3)
no brushing 12 0.17 £0.39 0(0-1)
1 month 12 0.33+£0.65 0(0-2)
Nanofilled 3 months 12 0.33 +0.65 0(0-2) 5613 0.230
6 months 12 0.75 +1.05 0(0-3)

12 months 12 1.00 £1.20 0.5 (0-3)




Dent Med Probl. 2025;62(5):835-842

Fig. 2. Stereomicroscope images showing microleakage in samples after
the application of a nanofilled surface protectant

A. Baseline (microleakage score = 0); B. After 1 month of brushing
(microleakage score = 1); C. After 3 months of brushing (microleakage
score = 1); D. After 6 months of brushing (microleakage score = 2); E. After
12 months of brushing (microleakage score = 2).

Fig. 3. Stereomicroscope image showing microleakage in a sample after
the application of an adhesive-containing surface protectant

Discussion

In pediatric dentistry, composite resins, compomers,
amalgams, CGICs, high-viscosity GICs (HVGICs), and
RMGICs are the preferred materials in the treatment
of dental caries.! Currently, due to the spread of mini-
mally invasive dentistry, the preference for tooth-colored
restorative materials and their ability to bond with den-
tal tissues, GICs have become prominent in the field
of pediatric dentistry.?>?® In order to improve the prop-
erties of CGICs, various modifications have been made
and RMGICs have been developed.?* Resin-modified
glass ionomer cements contain the same main compo-
nents as CGICs (basic glass powder, water and polyacid),
2-hydroxyethyl methacrylate (HEMA) as a monomer
component, and camphorquinone as an initiator.?®

Glass ionomer cements are sensitive to the presence
of early moisture, which can lead to water absorption and
hygroscopic expansion. To prevent this, it is important to
protect the cement by covering it with a suitable varnish
or petroleum jelly (Vaseline®). Recently, nanofilled, self-
adhesive and light-cured surface protecting agents have
been developed for the use with CGICs, RMGICs, com-
posite resins, and compomer restorations. These agents
have been designed to enhance the mechanical properties
of the restorations, increase their wear resistance and
improve their appearance. Surface protectants contribute
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to the clinical success of restorations by filling small surface
voids and cracks and reducing discoloration.?6-28

The tooth surface and dental materials encounter the
abrasive effects of brushing with paste.?’ The increase in
surface roughness is important for the clinical life, micro-
hardness and abrasion resistance of restorative materi-
als, secondary caries risk, coloration, and aesthetics.3%3!
Studies have revealed that wear, roughness, color change,
and microleakage occur after the application of surface
protectants to GICs or other restorative materials. Addi-
tionally, studies have examined the effect of brushing on
the roughness and wear resistance of restorative materials.
However, there is a paucity of research examining micro-
leakage in GICs with surface protectants after brushing.
Therefore, our study evaluated the effect of toothbrushing
on microleakage of RMGICs with adhesive surface
protectants and nanofilleld surface protectants.

Microleakage can be observed in RMGICs. Therefore,
it is recommended that a surface protectant be applied
to teeth after polymerization to prevent this situation.??
Surface protective agents, which contribute to ensuring
marginal sealing and improving surface properties in
restorations, are fluid materials that can penetrate gaps
and restore resin-containing materials or GICs.333* Oba
and Aras compared polyacid-modified composite resins
(PMCRs) applied in the restoration of class V cavities in
extracted primary teeth and RMGICs that were covered
with nanofilled surface protectants, similar to our study.
The study demonstrated a reduced incidence of micro-
leakage in RMGIC samples, suggesting that the restorations
are protected with a surface-protective agent during the
cement curing process, thus preventing moisture con-
tamination and microcracking. Similarly, Agnihotri et al.
reported that the application of surface protection was
effective in reducing microleakage in the RMGIC group.3
The present study found no statistically significant differences
in terms of microleakage in the samples that were not
brushed, between the surface-protected and unprotected
groups. However, higher microleakage was noted in
teeth without surface protection compared with surface-
protected teeth. In agreement with the findings of previ-
ously published studies, our results indicate that the coating
of the material surfaces with protective agents has a posi-
tive, even if not statistically significant, effect on microleak-
age. This finding could be related to the prevention of early
moisture contamination and the filling of microvoids in
RMGICs when surface protection was applied.

In RMGICs, it is preferred to coat the surfaces with
filler-containing agents, varnishes or adhesive-containing
surface protectants in order to prevent water absorption
of HEMA, improve the quality of the material, and reduce
dimensional changes.?” Chuang et al. examined the
microleakage of RMGIC and reported that the adhesive-
containing surface protectant is the most effective in pre-
venting microleakage.® A study by Ribeiro et al. using dif-
ferent RMGIC materials found no statistical differences in
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dye uptake between RMGICs.* However, surface protec-
tant application was required in all samples, and the best
results were obtained with the adhesive-containing pro-
tectant.?® Erhardt et al. reported that adhesive protectants
were not effective in reducing microleakage and had a high
probability of abrasion from heat exposure or intraoral
abrasive forces.®® Urquia-Morales et al. tested the effect
of different surface protectants on the efficacy of compos-
ite resins in mitigating microleakage.*! The study found
that the utilization of surface protectants significantly
reduced microleakage in all experimental groups compared
to the control group.* In contrast to the aforementioned
studies, Pacifici et al. evaluated HVGIC and RMGIC with
a nanofilled surface protectant, an adhesive-containing
surface protectant, and an unapplied surface protectant
by scanning electron microscopy.*? The authors found
that regardless of the type of surface protection, it was
successful for marginal sealing due to its high hydrophilicity
and low viscosity.*? In the present study, it was observed
that the microleakage scores of samples that were not
brushed and specimens to which surface protectants
were applied yielded similar results. Furthermore, no
statistical difference was detected between the groups.
However, there was a discrepancy between the adhesive
content and the nanofilled surface protectant with respect
to the microleakage score, despite the fact that both
materials yielded successful results. The present study
revealed no significant difference between 2 surface pro-
tectants. The lower microleakage values of both materials
were compared to the group that did not receive a surface
protectant. However, the lower microleakage scores are
likely attributable to the effective coverage of the surface
protectants, which exhibited good fluidity and penetra-
tion on the surface of the restored teeth.

Abrasion has been reported as a undesirable condition
that increases surface roughness and causes the restor-
ative material to separate from the surface.*® The separa-
tion of material from the surface may lead to the forma-
tion of new undesirable margins that can cause bacterial
retention and subsequent microleakage.** Momoi et al.
demonstrated that the wear rate increased significantly
after brushing in CGIC, amalgam and composite resin
materials.®®> When evaluating various effects of tooth-
brushing on microleakage, Goldstein et al. reported no
statistically significant difference between the brushing
group and the control group of class V composite resin
restorations after using a sonic toothbrush.# Similar to
our results, this study has shown that brushing does not
have a significant effect on microleakage.*> The preven-
tion of early moisture contamination of materials allows
for better abrasion resistance and marginal integrity,
which, in turn, leads to improved sealing restorations.
The application of surface protection is recommended to
prevent microleakage.**” Kanik compared a nanofilled
surface protectant and varnish application on 2 different
HVGICs with non-preserved composite resin for abrasion
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resistance as a result of brushing.*® It was reported that
with increasing brushing cycles, the teeth applied with
varnish showed significantly more wear than the teeth
applied with the nanofilled surface protectant. In the con-
text of our study, which examined brushing simulations at
different time points, no statistically significant difference
in terms of microleakage was observed between the non-
preserved group and the protected groups with respect
to brushing times. Our observations revealed that neither
brushing nor the duration of brushing exerted any influ-
ence on microleakage in all samples. A comparison of our
results with other studies was precluded by the absence
of research evaluating the effect of brushing on micro-
leakage in RMGICs treated with surface protection.
Although our study did not identify statistically significant
differences, higher microleakage levels were observed in
the group that did not utilize surface protection. Conse-
quently, the utilization of surface protectants may enhance
the wear resistance of RMGICs.

Toothbrush wear and the resulting surface roughness
cause changes to the surface properties of different
materials. Studies have reported that surface protectants
undergo a gradual deterioration due to the effects of abra-
sive factors over time.*®* Kanik and Tirkiin examined
the surface protective activity after brushing simulation
and observed that the protective agents exhibited signs
of wear.®In their evaluation of the effectiveness of surface
protectants, Lohbauer et al. reported that nanofilled sur-
face protectants underwent partial or complete erosion
from the restoration surface at 6 months due to brush
abrasion and occlusal contact. While our study did
not yield significant results, higher microleakage results
were observed in samples that underwent brushing for
12 months when compared to the 1-, 3- and 6-month
brushing periods. The observed increase in microleakage
results at 12 months of brushing is likely due to the rough-
ness and abrasion caused by the abrasive forces of tooth-
brushing over time, the effect on the resin matrix, and
deterioration of the surface of the restorative material.

The study was conducted in vitro, under the influence
of brushing only, while other conditions in the oral envi-
ronment were ignored. Therefore, further clinical studies
should be conducted on the topic.

Conclusions

After analyzing the collected data, it is predicted that
the application of surface protectants on RMGIC restora-
tions will reduce microleakage through the filling of
microvoids and the enhancement of the wear resistance
of the restorative material. The investigation revealed
no statistically significant differences in microleakage
outcomes between nanofilled and adhesive surface
protectants, indicating that both materials are suitable for
clinical use. While the impact of brushing on microleakage
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is not significant, it is crucial to note that the extent of wear
and leakage in RMGIC materials can increase with the
increased duration of brushing time.

Ethics approval and consent to participate

The study was approved by the Clinical Research Ethics

Committee of Zonguldak Biilent Ecevit University (proto-
col No. 2021-09; May 5, 2021).

Data availability

The datasets generated and/or analyzed during the cur-

rent study are available from the corresponding author on
reasonable request.

Consent for publication

Not applicable.

Use of Al and Al-assisted technologies

Not applicable.

ORCID iDs

ilay Ozcelik Bulut
Ebru Hazar Bodrumlu

https://orcid.org/0000-0001-9706-4868
https://orcid.org/0000-0002-3474-5583

References

1.

Selwitz RH, Ismail Al, Pitts NB. Dental caries. Lancet.

2007;369(9555):51-59. doi:10.1016/50140-6736(07)60031-2

. Rossi GN, Sorazabal AL, Salgado PA, Squassi AF, Klemonskis GL.

Toothbrushing procedure in schoolchildren with no previous
formal instruction: Variables associated to dental biofilm removal.
Acta Odontol Latinoam. 2016;29(1):82-89. PMID:27701503.

. Minervini G, Franco R, Marrapodi MM, Fiorillo L, Cervino G,

Cicciu M. Prevalence of temporomandibular disorders in
children and adolescents evaluated with Diagnostic Criteria for
Temporomandibular Disorders: A systematic review with meta-
analysis. J Oral Rehabil. 2023;50(6):522-530. doi:10.1111/joor.13446

. Minervini G, Franco R, Marrapodi MM, et al. Correlation between

temporomandibular disorders (TMD) and posture evaluated
trough the Diagnostic Criteria for Temporomandibular Disorders
(DC/TMD): A systematic review with meta-analysis. J Clin Med.
2023;12(7):2652. d0i:10.3390/jcm12072652

. Ercan Bekmezoglu Z, Erken Giingér O, Karayllmaz H. Restorative

materials in pediatric dentistry and the place of glass carbomer
[in Turkish]. Yeditepe J Dent. 2019;15(3):359-365. doi:10.5505/yedite-
pe.2019.19483

. Sirinoglu Capan B, Akylz S. Current fluoride-releasing restorative

materials used in pediatric dentistry [in Turkish]. Clin Exp Health Sci.
2016;6(3):129-134. https://dergipark.org.tr/en/pub/clinexphealths-
ci/issue/24532/259909. Accessed July 15, 2023.

. Casagrande L, Dalpian DM, Ardenghi TM, et al. Randomized clinical

trial of adhesive restorations in primary molars. 18-month results.
Am J Dent. 2013;26(6):351-355. PMID:24640441.

. Kaya T, Tirali RE. Advances in glass ionomer cements [in Turkish].

Atattirk Univ Dis Hekim Fak Derg. 2013;23(Suppl 7):71-77. https://der-
gipark.org.tr/en/pub/ataunidfd/issue/2465/31455. Accessed June
15, 2023.

. Sidhu SK. Glass-ionomer cement restorative materials: A sticky

subject? Aust Dent J. 2011;56 Suppl 1:23-30. doi:10.1111/].1834-
7819.2010.01293.x

10.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

. Taylor MJ,

841

Déjou J, Sindres V, Camps J. Influence of criteria on the results of in
vitro evaluation of microleakage. Dent Mater. 1996;12(6):342-349.
doi:10.1016/50109-5641(96)80044-3

. Ge KX, QuockR, Chu CH, Yu OY. The preventive effect of glass ionomer

cement restorations on secondary caries formation: A systematic
review and meta-analysis. Dent Mater. 2023;39(12):e1-el7.
doi:10.1016/j.dental.2023.10.008
Lynch E. Microleakage. J Dent.
doi:10.1016/0300-5712(92)90002-t

1992;20(1):3-10.

. Going RE. Microleakage around dental restorations: A summarizing

review. J Am Dent Assoc. 1972;84(6):1349-1357. doi:10.14219/jada.
archive.1972.0226

. Altun C. Microleakage in restorative dentistry [in Turkish]. Gtilhane

Med J. 2004;46(3):264-269. https://www.researchgate.net/publica-
tion/287376783. Accessed July 15, 2023.

. Garcia FCP, Wang L, D'Alpino PHP, de Souza JB, de Araujo PA,

de Lia Mondelli RF. Evaluation of the roughness and mass loss
of the flowable composites after simulated toothbrushing
abrasion. Braz Oral Res. 2004;18(2):156-161. doi:10.1590/51806-
83242004000200012

. Roselino LMR, Cruvinel DR, Chinelatti MA, Pires-de-Souza FCP.

Effect of brushing and accelerated ageing on color stability and
surface roughness of composites. J Dent. 2013;41 Suppl 5:54-61.
doi:10.1016/j.jdent.2013.07.005

Kakaboura A, Fragouli M, Rahiotis C, Silikas N. Evaluation of surface
characteristics of dental composites using profilometry, scanning
electron, atomic force microscopy and gloss-meter. J Mater Sci
Mater Med. 2007;18(1):155-163. doi:10.1007/510856-006-0675-8

. Bagheri R, Palamara J, Mese A, Manton DJ. Effect of a self-adhesive

coating on the load-bearing capacity of tooth-coloured restorative
materials. Aust Dent J. 2017;62(1):71-78. d0i:10.1111/adj.12432

. Moghimi M, Jafarpour D, Ferooz R, Bagheri R. Protective

effect of a nanofilled resin-based coating on wear resistance
of glass ionomer cement restorative materials. BMC Oral Health.
2022;22(1):317. d0i:10.1186/512903-022-02347-3

Sidhu SK. Sealing effectiveness of light-cured glass ionomer cement
liners. J Prosthet Dent. 1992;68(6):891-894. doi:10.1016/0022-
3913(92)90545-

Dhar V, Hsu KL, Coll JA, et al. Evidence-based update of pediatric
dental restorative procedures: Dental materials. J Clin Pediatr Dent.
2015;39(4):303-310. d0i:10.17796/1053-4628-39.4.303

Rodrigues JA, Casagrande L, Aradjo FB, Lenzi TL, Mariath AAS.
Restorative materials in pediatric dentistry. In: Coelho Leal S,
Takeshita EM, eds. Pediatric Restorative Dentistry. Berlin, Germany:
Springer; 2019:161-167.

Mutluay MS. The choices of restorative material in primary teeth
and influencing factors [in Turkish]. Selcuk Dent J. 2016;3(3):151-158.
https://dergipark.org.tr/en/pub/selcukdentj/article/300071.
Accessed June 15, 2023.

Lohbauer U, Walker J, Nikolaenko S, et al. Reactive fibre reinforced
glass ionomer cements. Biomaterials. 2003;24(17):2901-2907.
doi:10.1016/50142-9612(03)00130-3

Mitra SB. Adhesion to dentin and physical properties of a light-
cured glass-ionomer liner/base. J Dent Res. 1991;70(1):72-74. doi:10.
1177/00220345910700011201

Shruthi AS, Nagaveni NB, Poornima P, Selvamani M,
Madhushankari GS, Subba Reddy VV. Comparative evaluation
of microleakage of conventional and modifications of glass
ionomer cement in primary teeth: An in vitro study. J Indian Soc
Pedod Prev Dent. 2015;33(4):279-284. doi:10.4103/0970-4388.165662
Wilder AD, Swift EJ, May KN, Thompson JY, McDougal RA. Effect
of finishing technique on the microleakage and surface texture
of resin-modified glass ionomer restorative materials. J Dent.
2000;28(5):367-373. doi:10.1016/5s0300-5712(99)00075-5.

Ninawe N, Nayak UA, Nagar P, Khandelwal V, Jain S, Gupta AS.
A comparative evaluation of microleakage of glass ionomer
restoration with different surface protectors — an in-vitro study.
Dent J Adv Stud. 2014;2(2):105-108. doi:10.1055/s-0038-1671994
Jafarpour D, Mese A, Ferooz M, Bagheri R. The effects of nanofilled
resin-based coatings on the physical properties of glass ionomer
cement restorative materials. J Dent. 2019;89:103177. doi:10.1016/j.
jdent.2019.07.015


https://dergipark.org.tr/en/pub/clinexphealthsci/issue/24532/259909
https://dergipark.org.tr/en/pub/clinexphealthsci/issue/24532/259909
https://dergipark.org.tr/en/pub/ataunidfd/issue/2465/31455
https://dergipark.org.tr/en/pub/ataunidfd/issue/2465/31455
https://www.researchgate.net/publication/287376783
https://www.researchgate.net/publication/287376783
https://dergipark.org.tr/en/pub/selcukdentj/article/300071

842

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

Gomeg Y, Dorter C, Yildiz E, Guray Efes B. Surface characteristics
of tooth - colored restoratives after toothbrushing. J Istanb Univ
Fac Dent. 1999;33(1234):37-44. https://dergipark.org.tr/en/pub/
jiufd/issue/8962/111644. Accessed April 20, 2023.

Tagtekin DA, Yanikoglu FC, Bozkurt FO, Kologlu B, Sur H. Selected
characteristics of an Ormocer and a conventional hybrid resin
composite. Dent Mater. 2004;20(5):487-497. doi:10.1016/j.den-
tal.2003.06.004

Antonson SA, Yazici AR, Okte Z, Villalta P, Antonson DE, Hardigan PC.
Effect of resealing on microleakage of resin composite restorations
in relationship to margin design and composite type. Eur J Dent.
2010;6(4):389-395. PMID:23077418.

Silva Santana SV, Bombana AC, Flério FM, Basting RT. Effect
of surface sealants on marginal microleakage in class V resin
composite restorations. J Esthet Restor Dent. 2009;21(6):397-404.
doi:10.1111/j.1708-8240.2009.00297.x

Prabhakar AR, Madan M, Raju OS. The marginal seal of a flowable
composite, an injectable resin modified glass ionomer and
a compomer in primary molars—an in vitro study. J Indian Soc Pedod
Prev Dent. 2003;21(2):45-48. PMID:14700335.

Oba AA, Aras S. A comparison of marginal microleakage of Fuiji Il
LC and F2000 restorations in primary molars, in vitro [in Turkish].
Gazi Dis. 2003;20(3):23-28. https://dergipark.org.tr/tr/pub/gazidis/
issue/27793/293812. Accessed April 20, 2023.

Agnihotri Y, Pragada NL, Rao BSR, Chacko Y. Effect of protective
coating on marginal integrity of class Il restorations: A microleakage
study. Int J Contemp Dent. 2011;2(5):121-124. https://www.research-
gate.net/publication/277796538_Effect_Of_Protective_Coating_
On_Marginal_Integrity_Of Class_Il_Restorations_A_Microleak-
age_Study. Accessed April 20, 2023.

Cattani-Lorente MA, Dupuis V, Payan J, Moya F, Meyer JM. Effect
of water on the physical properties of resin-modified glass
ionomer cements. Dent Mater. 1999;15(1):71-78. doi:10.1016/s0109-
5641(99)00016-0

Chuang SF, Jin YT, Tsai PF, Wong TY. Effect of various surface
protections on the margin microleakage of resin-modified glass
ionomer cements. J Prosthet Dent. 2001;86(3):309-314. doi:10.1067/
mpr.2001.116133

Ribeiro AP, Serra MC, Paulillo LA, Rodrigues Junior AL. Effectiveness
of surface protection for resin-modified glass-ionomer materials.
Quintessence Int. 1999;30(6):427-431. PMID:10635280.

Erhardt MCG, Magalhaes CS, Serra MC. The effect of rebonding
on microleakage of class V aesthetic restorations. Oper Dent.
2002;27(4):396-402. PMID:12120778.

Urquia-Morales C, Brasca N, Girardi M, et al. Influence of surface
sealants on microleakage in composite restorations. Int
J Odontostomat. 2017;11(4):467-473. https://www.scielo.cl/pdf/
ijjodontos/v11n4/0718-381X-ijodontos-11-04-00467.pdf. Accessed
May 24, 2023.

Pacifici E, Bossu M, Giovannetti A, La Torre G, Guerra F, Polimeni A.
Surface roughness of glass ionomer cements indicated for
uncooperative patients according to surface protection treatment.
Ann Stomatol (Roma). 2013;4(3-4):250-258. PMID:24611090.
Momoi Y, Hirosaki K, Kohno A, McCabe JF. In vitro toothbrush-
dentifrice abrasion of resin-modified glass ionomers. Dent Mater.
1997;13(2):82-88. d0i:10.1016/50109-5641(97)80016-4

Zimmerli B, Koch T, Flury S, Lussi A. The influence of toothbrushing
and coffee staining on different composite surface coatings. Clin
Oral Investig. 2012;16(2):469-479. d0i:10.1007/s00784-011-0522-2
Goldstein RE, Lamba S, Lawson NC, Beck P, Oster RA, Burgess JO.
Microleakage around class V composite restorations after ultrasonic
scaling and sonic toothbrushing around their margin. J Esthet
Restor Dent. 2017;29(1):41-48. doi:10.1111/jerd.12262

Kaur S, Makkar S, Kumar R, Pasricha S, Gupta P. Comparative
evaluation of surface properties of enamel and different esthetic
restorative materials under erosive and abrasive challenges: An in
vitro study. Indian J Dent. 2015;6(4):172-180. doi:10.4103/0975-
962X.165047

AlAli M, Silikas N, Satterthwaite J. The effects of toothbrush wear on
the surface roughness and gloss of resin composites with various
types of matrices. Dent J (Basel). 2021;9(1):8. doi:10.3390/dj9010008

48.

49,

50.

I. Ozcelik Bulut, E. Hazar Bodrumlu. Microleakage with surface protection

Kanik O. Comparative In-Vivo and In-Vitro Evaluation of Different
Restorative Glass lonomer Cement Properties Sealed with Coating
Material [postdoctoral thesis]. izmir: Ege University Institute
of Health Sciences; 2011. https://tez.yok.gov.tr/UlusalTezMerkezi/
tezDetay.jsp?id=YgbfVkyoe90oCZiBAfrFDoQ&no=vRz9NS2h5_A-
2fuEu-AK_A. Accessed April 20, 2023.

Lohbauer U, Kramer N, Siedschlag G, et al. Strength and wear
resistance of a dental glass-ionomer cement with a novel nanofilled
resin coating. Am J Dent. 2011;24(2):124-128. PMID:21698994.

Kanik O, Turkiin LS. Recent approaches in restorative glass ionomer
cements [ in Turkish]. EU Dishek Fak Derg. 2016;37(2):54-65. https://
jag.journalagent.com/z4/download_fulltext.asp?pdir=eudfd&plin
g=eng&un=EUDFD-38358. Accessed May 24, 2023.


https://dergipark.org.tr/en/pub/jiufd/issue/8962/111644
https://dergipark.org.tr/en/pub/jiufd/issue/8962/111644
https://dergipark.org.tr/tr/pub/gazidis/issue/27793/293812
https://dergipark.org.tr/tr/pub/gazidis/issue/27793/293812
https://www.researchgate.net/publication/277796538_Effect_Of_Protective_Coating_On_Marginal_Integrity_Of_Class_II_Restorations_A_Microleakage_Study
https://www.researchgate.net/publication/277796538_Effect_Of_Protective_Coating_On_Marginal_Integrity_Of_Class_II_Restorations_A_Microleakage_Study
https://www.researchgate.net/publication/277796538_Effect_Of_Protective_Coating_On_Marginal_Integrity_Of_Class_II_Restorations_A_Microleakage_Study
https://www.researchgate.net/publication/277796538_Effect_Of_Protective_Coating_On_Marginal_Integrity_Of_Class_II_Restorations_A_Microleakage_Study
https://www.scielo.cl/pdf/ijodontos/v11n4/0718-381X-ijodontos-11-04-00467.pdf
https://www.scielo.cl/pdf/ijodontos/v11n4/0718-381X-ijodontos-11-04-00467.pdf
https://tez.yok.gov.tr/UlusalTezMerkezi/tezDetay.jsp?id=YgbfVkyoe9oCZiBAfrFDoQ&no=vRz9NS2h5_A-2fuEu-AK_A
https://tez.yok.gov.tr/UlusalTezMerkezi/tezDetay.jsp?id=YgbfVkyoe9oCZiBAfrFDoQ&no=vRz9NS2h5_A-2fuEu-AK_A
https://tez.yok.gov.tr/UlusalTezMerkezi/tezDetay.jsp?id=YgbfVkyoe9oCZiBAfrFDoQ&no=vRz9NS2h5_A-2fuEu-AK_A
https://jag.journalagent.com/z4/download_fulltext.asp?pdir=eudfd&plng=eng&un=EUDFD-38358
https://jag.journalagent.com/z4/download_fulltext.asp?pdir=eudfd&plng=eng&un=EUDFD-38358
https://jag.journalagent.com/z4/download_fulltext.asp?pdir=eudfd&plng=eng&un=EUDFD-38358

