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Abstract
The aim of this study was to compare the aging effects on wear, surface roughness and
microhardness of fissure sealants having varying contents. Four fissure sealant types
were used in the study: Aegis (Bosworth, USA) (Group A), Beautisealant (Shofu, Japan)
(Group B), Clinpro (3M, USA) (Group C), and Ultraseal XT/Hydro (Ultradent, USA)
(Group U). Hundred disc-shaped specimens (5 mm diameter/3 mmwidth) were designed
according to the manufacturer’s instructions and assigned for microhardness/Vickers
Hardness (VHN), surface roughness, and wear tests. Thermocycling (10,000 times/5–
55 ◦C ± 2 ◦C/20 s) and chewing simulator (75,000 times/49 N) were applied as the
aging procedures. Measurements were made before and after the aging procedures.
The specimens were examined by Scanning Electrone Microscopy (SEM). Data was
statistically analyzed through Kruskal Wallis, Wilcoxon and Welch tests. The highest
and the lowest changes in mean microhardness values were obtained for Group U (9.88
± 1.46) and GroupA (4.40± 0.46), respectively; and a significant difference (p< 0.001)
was found between the mean changes in microhardness numbers (U> B> C> A). The
median roughness values had no significant difference; the surface roughness had the
highest mean differences in Groups U and C (U = C > A > B). Significant difference
was found between the mean changes in wear/weight values (p < 0.001); the highest
and the lowest mean weight losses were recorded in Group U (0.0097± 0.0003 gr), and
Group C (0.0041 ± 0.0006 gr), respectively (U > B > A > C). The highest physical
changes were determined in Group U after the aging procedures. It is concluded that
the aging procedures affect physical structures of all test materials with varying degrees,
however Ultraseal XT/Hydro is the most affected. The individual treatment needs and
material properties must be considered to select a fissure sealant material.
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1. Introduction

Dental caries is a dynamic, chronic and multifactorial disease
characterized by the loss of substance from the teeth hard
tissues. The dental caries prevalence has decreased worldwide,
however its incidence on the occlusal surface of molar teeth
is on the rise which may be closely related to the fissures
morphology [1–4].
Various therapeutic interventions have been proposed to

prevent the initial occlusal caries. They include plaque control
through tooth brushing, mouthwashing, varnishing and fissure
sealing [5, 6].
Nowadays, the higher incidence of pit and fissure caries

in children and adolescents requires preventive methods and
materials. The preventive measures are based on controlling
the oral biofilm population. Themethods to prevent pit and fis-
sure caries include mechanical and chemical plaque controls,

and pit and fissure sealant applications. The occlusal sealing
materials have proper marginal seal, antibacterial properties,
retention in fissures and penetration ability. Resin composite
sealants have high retention rate towards enamel compared
to the other sealant materials [5]. However, their efficacy is
undermined when the operative field cannot be isolated. This
is the case in permanent molars not fully erupted or primary
molars in children [7].
The physical structure of dental materials and prognosis of

applied treatments can be negatively affected by the mechani-
cal movements and temperature changes in oral cavity. The
in vitro evaluation of dental materials has been preferred to
simulate the oral cavity conditions (thermocycling, water aging
and chewing forces) in laboratory environment for mimicking
the natural aging process since in vivo evaluation of dental
materials has been difficult in the clinical trials. Thus, the in
vitro examination of dental materials before and after the aging
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procedures is important nowadays. It is observed from the
literature that there are limited studies examining the changes
in physical properties of fissure sealant materials after the in
vitro aging procedures [8].
The aim of this study is to evaluate and compare the ef-

fects of aging procedures on surface characteristics of fissure
sealants including various chemical ingredients. The resin-
based Clinpro, glass ionomer-based (S-PRG (surface reacted
glass filler)), Beautisealant, hydrophilic Ultraseal XT Hydro,
and ACP (amorphous calcium phosphate)-based Aegis are
compared as the sealants after in vitro aging procedures.

2. Materials and methods

The study was conducted at the Department of Pediatric Den-
tistry, Faculty of Dentistry, Istanbul University, and the nano-
optoelectronics research laboratory of Department of Physics,
Faculty of Science, Istanbul University.
In this study, the resin-based Clinpro (3M ESPE, USA),

glass ionomer-based (S-PRG), Beautisealant (BS; Shofu Inc.
Kyoto, Japan), hydrophilic Ultraseal XT Hydro (Ultradent,
South Jordan, USA), and ACP-based Aegis (Bosworth Com-
pany, USA) as the fissure sealants were evaluated and com-
pared after the in vitro aging procedures. These four types of
fissure sealantmaterials are listed in Table 1 asGroupA,Group
B, Group C and Group U.
The ready-made silicone molds of 5 mm diameter and 3

mm height were used to create disc-shaped specimens [9–12].
According to the manufacturers’ recommendation, the fissure
sealant materials were applied in equal amounts to silicone
molds placed on flat glass plate. The excess materials were
removed by lightly pressing the glass plate placed on top of
the molds. The fissure sealant samples were polymerized for
20 seconds using curing light (VALO, Ultradent, South Jordan,
Utah, USA) as per the manufacturers’ recommendation. The
samples surfaces were wet sanded with 600, 800 and 1200
grit sandpapers in water for 30 seconds each, respectively.
The samples were polished with polishing wheel and kept in
distilled water at 37 ◦C until the day of experiment [10, 12].

The experimental samples in Discs form were grouped for
testing the microhardness, surface roughness and wearing.
Hundred disc-shaped specimens were arranged as follows:
eight specimens from each group for wear measurements,
seven for roughness, nine for microhardness and one randomly
selected after wearing test for scanning electron microscopic
(SEM) analysis.
The samples were stored in distilled water at 37 ◦C for 24 h

prior to the testing.
According to the Power analysis conducted using G*Power

(Version 3.1.9.7, Heinrich-Heine-Universität Düsseldorf, Dus-
seldorf, Germany) program, the minimum sample size deter-
mined for each group was n = 7 for the roughness levels with
effect size (d) of 0.730, power of 0.80, andα of 0.05. Similarly,
the minimum sample size was n = 9 for the microhardness
levels with effect size (d) of 0.468, power of 0.80, and α of
0.05. The minimum sample size for the wear levels was n = 8
with effect size (d) of 0.695, power of 0.80, and α of 0.05.
In the first aging procedure, the disc-shaped specimens

were thermocycled 10,000 times using electronic thermal cy-
cling machine at Istanbul University, Faculty of Dentistry
Research Laboratory named as Dentester Salubris Technica
(Massachusetts, ABD) (Fig. 1). They were put in water baths
at 5± 2 ◦C, and 55± 2 ◦C with 20 seconds dwell time in each
bath [13].
In the other aging process, the chewing simulator procedures

were conducted using S.D Mechatronik Chewing Simulator
CS-4 (S.D Mechatronik, Munich, Germany) (Fig. 2). In this
study, the steel components were used as an antagonist. A
weight of 5 kg equivalent to 49 N chewing force was exerted
on the specimens. The cyclicmovements were repeated 75,000
times accompanied by thermocycling. The wear test parame-
ters are presented in Table 2.
The microhardness of 36 specimens (nine per each sealant)

was measured in triplicate using microhardness tester (Inno-
vatest™ 400 Series, Maastricht The Netherlands) with 500 g
load and 15 second dwell time. The average measurement was
recorded (VHN (Vickers Hardness Number)) before and after
the thermocycling.

TABLE 1. Fissure sealant materials and their compositions tested in this study.
Group Sealant Composition Manufacturer

A Aegis
Lot: 17B152B Amorphous Calcium Phospate (ACP), Urethane

Dimetacrylate (UDMA), mono- and di-methacrylate,
modified Bis-GMA, 38.5% inorganic filler

Bosworth, USA

B BeautiSealant®
Lot: 022001 Surface Pre Reacted Glassionomer (S-PRG) particles,

fluoroboroaluminosilicate glass, silica, UDMA, TEGDMA
(triethylene glycol dimethacrylate)

Shofu, Kyoto, Japan

C 3M Clinpro™
Lot: NC93055 Bis-GMA, TEGDMA, silane, tetrabutylammonium

tetrafluoroborate, diphenyl hexafluorophosphate,
ethyl-4-(dimethylamino) benzoate (EDMAB), titanium

hydroxide, hydroquinone

3M ESPE, St. Paul,
Minnesota, USA

U UltraSeal XT® hydro™
Lot: BKPD6 TEGDMA, diurethane dimethacrylate (DUDMA),

methacrylic acid, aluminum oxide, titanium dioxide, sodium
monofluorophosphat

Ultradent, South
Jordan, USA
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FIGURE 1. Thermal Cycle Dentester Salubris Technica (Massachusetts, ABD).

F IGURE 2. S.D Mechatronik Chewing Simulator CS-4 (Germany).
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TABLE 2. Wear test parameters.
Wear test parameters

Cold/hot bath temperatures:
5◦/55◦

Dwell time: 60 s

Vertical movement: 1 mm Horizontal movement: 2
mm

Rising speed: 90 mm/s Forward speed: 90 mm/s
Descending speed: 40 mm/s Backward speed: 40 mm/s
Cycle frequency: 1.6 Hz Weight per sample: from 5

kg
Torque; 2.4 N.m

The surface roughness of 28 specimens (seven per each
sealant) was measured using 2-dimensional profilometer (Tay-
lor Hobson S25 Surtronic Profilometer, Illinois, USA) with 5
µm diamond stylus angled at 90◦. Three measurements were
made in different directions starting from the midpoint of each
specimen with 0.25 mm cut-off length. The average roughness
for each specimen was calculated and recorded (Ra, in µm).
The substance loss for specimens was determined by weigh-

ing before and after the chewing simulator cycles on electronic
weighing balance (Densi HZY 2200, Istanbul, Turkey) having
accuracy of 0.0001 gram.
A randomly selected sample from each fissure sealant group

was taken for SEM evaluation before and after the chewing
process. SEM were recorded in low vacuum of 20 kV at
various magnifications (×250, ×500, ×1000).
The data were analyzed with IBM SPSS V23 (Armonk, NY,

USA), and conformity to the normal distribution was evaluated
using Shapiro-Wilk test. Kruskal-Wallis test was employed to
compare the microhardness roughness, and roughness differ-
ence values   which were not normally distributed according to
the materials. Dunn test examined the multiple comparisons
made. Welch test compared the microhardness and wear
changes which were normally distributed according to the
materials and their variance was not homogeneous. Tamhane’s
T2 test examined the multiple comparisons made. A one-way
analysis of variance (ANOVA) compared the wear values   with
normally distributed and homogeneous variance. Wilcoxon
test compared the non-normally distributed roughness and mi-
crohardness values   within the materials according to time. The
paired sample t-test compared the normally distributed wear
values. Results were presented as mean± s for the quantitative
data being deviation and median (minimum–maximum). The
significance level was considered as p < 0.050.

3. Results

The microhardness test results depcited the highest median
values before and after the cycles for Group U (32.12 ±
1.91/22.25± 0.71 VHN), and the lowest for Group C (18.27±
1.24/11.84 ± 0.31 VHN). A significant difference was found
between the median values before and after the cycles in all
groups (p < 0.001, Table 3).
The microhardness test results showed the highest mean of

change in Group U (9.88± 1.46), while the lowest in Group A

(4.40 ± 0.46) (U > B > C > A). A significant difference was
found between the mean values of changes in all groups (p <

0.001).
The microhardness test results revealed statistically sig-

nificant difference between the median values of materials
after thermal cycling procedure. After thermal cycling, the
median microhardness of groups A, B, C and U were 14.90,
14.24, 11.91 and 22.33, respectively. The highest median was
obtained in group U and the lowest in group C. The median
microhardness values were significantly different before and
after the thermal cycling in groups A, B, C and U (p = 0.008).
The mean VHN changes were 4.40 ± 0.46, 7.56 ± 0.54, 6.42
± 1.19 and 9.88± 1.46 in Groups A, B, C and U, respectively.
The highest mean change was found in group U and the lowest
in group A.
The highest average roughness was found in group B be-

fore the thermal cycling, while it was the highest in group C
after thermal cycling. Upon examining the average roughness
change rates, the highest were in groups C and U while the
lowest in groups A and B. The median roughness values before
and after thermal cycling for groups A, B, C and U were 0.73–
1.40, 0.78–1.45, 0.79–1.59 and 0.83–1.52, respectively.
The roughness medians and roughness change values had

no significant difference before and after the thermal cycling
among materials. However, differences were found in the
roughness before and after thermal cycling in groups A, B, C
and U (p = 0.018) (Table 4).
Before and after the chewing simulation procedure, the

highest average weights were found in group B while the
lowest in group A. Upon examining the percentage change
in average weights before and after chewing simulation, the
highest change rate was in group U, while the lowest in group
C (p < 0.001).
The averageweights before and after the chewing simulation

for eachmaterial had no statistically significant difference (p>
0.05). However, differences were found between the average
weights before and after chewing simulation procedure in
groups A, B, C and U (p < 0.001) (Table 5).
According to the materials, there was a statistically signifi-

cant difference in the mean weight change values (p < 0.001).
The mean weight change was lower in group C and higher in
group U compared to the materials in other groups.
The smooth and the homogeneous SEM imagewas observed

for Group A in the beginning. Groups C and U particles were
large and heterogeneous (Fig. 3A,4A,5A). Particles in each
group were observed before the chewing simulator process.
Wear on samples after the process was due to the horizontal
and vertical forces applied in the procedure.
An irregular surface was observed in all groups after the

chewing simulator procedure because of the displacement of
particles by vertical and horizontal forces. The cracks signif-
icantly increased in Groups A and C, however could not be
clearly observed in Groups B and U after chewing simulator
process (Fig. 3B,4B,5B).

4. Discussion

The dentists are required to know the etiology of caries and
develop preventive measures against the involved factors. Pre-
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TABLE 3. Microhardness values (VHN) (mean ± SD) of the tested materials.

Group Before thermocycling After thermocycling p

A 19.48 ± 1.18
19.53 (17.77–21.62)ac

15.08 ± 1.39
14.90 (13.05–17.62)ab

Z = −2.666
0.008

B 21.74 ± 0.60
21.61 (20.94–22.69)ab

14.18 ± 0.36
14.24 (13.60–14.57)ac

Z = −2.666
0.008

C 18.27 ± 1.24
18.68 (16.68–19.85)c

11.84 ± 0.31
11.91 (11.19–12.13)c

Z = −2.666
0.008

U 32.12 ± 1.91
33.05 (27.96–33.62)b

15.08 ± 1.39
14.90 (13.05–17.62)ab

Z = −2.666
0.008

p χ2 = 29.344
<0.001

χ2 = 30.099
<0.001

χ2: Kruskal-Wallis; Z: Wilcoxon; a–c: No difference between the materials with same letter; mean ± s: deviation, median
(minimum–maximum).
A: Aegis (Bosworth Company, ABD); B: Beautisealant (BS; Shofu Inc., Kyoto, Japan); C: 3M Clinpro Sealant (3M ESPE, USA);
U: Ultraseal XT Hydro (Ultradent, South Jordan, USA).

TABLE 4. Surface roughness (Ra, µm) (mean ± SD) of the tested materials.

Group Before thermocycling After thermocycling p

A 0.76 ± 0.19
0.73 (0.55–1.11)

1.38 ± 0.22
1.40 (1.03–1.71)

Z = −2.366
0.018

B 0.84 ± 0.16
0.78 (0.69–1.12)

1.45 ± 0.12
1.45 (1.25–1.58)

Z = −2.366
0.018

C 0.78 ± 0.25
0.79 (0.39–1.13)

1.49 ± 0.41
1.59 (0.63–1.81)

Z = −2.366
0.018

U 0.75 ± 0.18
0.83 (0.51–0.99)

1.46 ± 0.12
1.52 (1.31–1.59)

Z = −2.366
0.018

p χ2 = 1.071
0.784

χ2 = 3.524
0.318

χ2: Kruskal-Wallis; Z: Wilcoxon; mean ± s: deviation, median (minimum–maximum).
A: Aegis (Bosworth Company, ABD); B: Beautisealant (BS; Shofu Inc., Kyoto, Japan); C: 3M Clinpro Sealant (3M ESPE, USA);
U: Ultraseal XT Hydro (Ultradent, South Jordan, USA).

TABLE 5. Weight loss (g) of the tested materials.

Group Before chewing process After chewing process p

A 12.746 ± 0.484
12.521 (12.16–13.54)

12.739 ± 0.484
12.513 (12.16–13.53)

t = 21.172
<0.001

B 13.028 ± 0.596
13.226 (12.05–13.98)

13.02 ± 0.596
13.218 (12.05–13.97)

t = 38.834
<0.001

C 12.969 ± 0.645
12.913 (12.17–14.14)

12.965 ± 0.645
12.908 (12.16–14.14)

t = 50.328
<0.001

U 12.995 ± 0.905
12.917 (11.25–14.08)

12.985 ± 0.905
12.908 (11.24–14.07)

t = 14.426
<0.001

p F = 0.288b
0.833

F = 0.286b
0.835

bF: Analysis of variance test statistics; t: Paired samples t-test statistics; mean ± s: deviation, median (minimum–maximum).
A: Aegis (Bosworth Company, USA); B: Beautisealant (BS; Shofu Inc., Kyoto, Japan); C: 3M Clinpro Sealant (3M ESPE, USA);
U: Ultraseal XT Hydro (Ultradent, South Jordan, USA).
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FIGURE 3. Sem Images 250×. (A) SEM images of Clinpro, Beautisealant, Ultraseal XTHydro, and Aegis before the chewing
process (250×). The smooth and homogeneous image was observed for Group A in the beginning. Groups C and U particles
were large and heterogeneous. (B) SEM images of Clinpro, Beautisealant, Ultraseal XT Hydro, and Aegis after chewing process
(250×). An irregular surface was observed after the chewing simulator procedure for all groups due to the particles displacement
by vertical and horizontal forces. The cracks significantly increased in the samples of Groups A and C, however they could not
be clearly observed in Groups B and U after the chewing simulator process.

FIGURE 4. Sem images 500×. (A) SEM images of Clinpro, Beautisealant, Ultraseal XT Hydro, and Aegis before the chewing
process (500×). Group A exhibited the smooth and homogeneous image in the beginning while Groups C and U had shown large
and heterogeneous particles. (B) SEM images of Clinpro, Beautisealant, Ultraseal XT Hydro, and Aegis after chewing process
(500×). All groups showed irregular surface after the chewing simulator procedure due to the particles displacement by vertical
and horizontal forces. Samples from Groups A and C exhibited significant increase in crack appearance, however, it was not
clearly observed in Groups B and U after the chewing simulator process.

FIGURE 5. Sem images 1000×. (A) SEM images of Clinpro, Beautisealant, Ultraseal XT Hydro, and Aegis before the
chewing process (1000×). Group A exhibited the smooth and homogeneous image in the beginning while Groups C and U
had shown large and heterogeneous particles. (B) SEM images of Clinpro, Beautisealant, Ultraseal XT Hydro, and Aegis after
the chewing process (1000×). All groups showed irregular surface after the chewing simulator procedure due to the particles
displacement by vertical and horizontal forces. Samples from Groups A and C exhibited significant increase in cracks, however
they were not clearly observed in Groups B and U after the chewing simulator process.
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venting the cavities and preserving dental tissues are less costly
and time-consuming than the procedures restoring the existing
cavities [14, 15].
More than 85% caries are seen on occlusal surfaces because

of the complex morphology of pits and fissures. Oral and
dental health education and fluoride application are not suffi-
cient to prevent the occlusal caries, and thus the pit and fissure
sealants are widespread [16, 17]. The pit and fissure sealant
effectiveness in preventing occlusal caries has led to the studies
on developing these materials.
In this study, the physical values of fissure sealant materials

after aging procedures are compared to determine the most
suitable for the clinical applications.
In literature, no study is found that compares the micro-

hardness of fissure sealant materials used in this study before
and after the thermal cycling and aging. In addition, there
is no study examining the microhardness of Beautisealant, a
fissure sealant containing surface prereacted glass ionomer (S-
PRG). Beautisealant creates long-lasting glass ionomer phase
using S-PRG, which yields urethane resin having silica upon
combining with polyalkenoic acid. There is an improved
giomer sealant’s fluoride release capabily [18].
This study is unique regardingAegis® pit and fissure sealant

containing ACP as no similar study is found. This light-curing
sealant exhibits comparable characteristics to the conventional
resin-based sealants. Amorphous calcium phosphate (ACP)
serves as a precursor for creating hydroxyapatite (HAP) which
is the stable product when calcium and phosphate ions precipi-
tate from neutral or alkaline solutions. ACP has anti-cariogenic
characteristics with the potential for remineralization. Bioac-
tive materials containing ACP stimulate the minerals growth
by elevating calcium and phosphate concentrations in the le-
sion, particularly in acidic oral environments which surpass
those in the natural oral fluids. This shift in thermodynamic
driving forces promotes apatite formation. ACP sustains su-
persaturation conditions for prolonged periods. ACP exhibits
preventive and restorative properties for applying in dental ce-
ments, sealants, composites, and orthodontic adhesives. ACP-
filled composite resins restore 71% of minerals lost in dem-
ineralized teeth [19].
Material hardness promotes the efficacy of fissure sealants

by resisting to deforming forces. The material hardness is
associatedwith fracture resistance, yield strength, andmodulus
of elasticity. An ideal fissure sealant requires high hardness
value [20].
Acid-based glass ionomer cement (GIC) materials have the

ability to chemically bond with tooth structure and release flu-
oride over time. However, the mechanical properties of glass
ionomer fissure sealants are weak. Their durability is increased
through thermo-curing method. The thermo-curing of acid-
based GIC fissure sealants can increase their compressive and
flexural strengths, and surface hardness which in turn improve
their longevity and clinical performance [21].
The findings of this study exhibited a decrease in microhard-

ness values of all the fissure sealant materials after thermal cy-
cle procedure. The lowest microhardness value was of Clinpro
before the thermal cycle procedure (18.27± 1.24VHN), which
was consistent with the studies by Beun et al. [22] and Kuşgöz
et al. [23]. The decreased microhardness in Clinpro group was

observed after the thermal cycle procedure. This decreased
microhardness was like Botsalı et al. [24] studies which
examined the effects of various light sources on microhardness
of fissure sealants. The decreased microhardness values of
Ultraseal XT Hydro and Aegis materials after thermal cycle
were similar to the results of Güçlü et al. [25].
Dental materials’ surface roughness defines clinical success

and aesthetic appearance of the materials. The materials’ high
surface roughness increases plaque accumulation on restora-
tions which leads to caries and gingival irritation [26, 27].
The physical properties of fissure sealants in this study are

also evaluated through another parameter, i.e., the roughness
values before and after thermal cycle procedure. Diverse opin-
ions exist regarding the minimum surface roughness value to
prevent bacterial attachment to restoration surface. According
to Weitman and Eames, the plaque deposition was observed
on composite materials with the surface roughness between 0.7
and 1.44 pm [22]. In Kapoor et al. [28, 29] study, the threshold
roughness was determined as 0.2 µm above which the bacterial
attachment occurred.
Ra values above the threshold are observed in all fissure

sealants regarding roughness values before and after the ther-
mal cycle. The surface roughness of restorative materials
is linked to the material content and particle size. The sur-
face roughness increases with the increase in particle size
[30–32]. Accordingly, Beautisealant material containing pre-
reacted glass particles has the highest roughness before thermal
cycle in this study.
According to Bürger et al. [33] and Cildir et al. [34],

the resin containing Clinpro and hydrophilic Ultraseal XT
Hydro materials had the lowest roughness values, which were
consistent with the roughness values before thermal cycle
procedure in this study.
The high wear resistance of restoration affects its efficacy.

The biological particles released into oral environment due to
abrasion may cause inflammatory response [35]. The amount
of wear on materials after chewing simulator procedure is thus
evaluated in this study. A study compared the wear rates of
three fissure sealants after the aging procedure with weight loss
method. Fuji Triage with glass ionomer showed the highest
weight loss while Clinpro material had the least [11].
Various in vitro aging methods are applied to predict the

issues of restorations in intraoral conditions. Thermal cycling
alone is applied for aging in most studies to evaluate the fissure
sealants [10, 36, 37]. In two studies, a chewing simulator
with thermal cycling was used as the aging method, wherein
the microleakage and edge compatibility of resin-containing
fissure sealant materials were evaluated [38, 39].
SEM analysis examines the surface properties of materials

[40]. The particle sizes and distributions in the materials
are observed in SEM images at proper magnification ratios
[41, 42]. In this study, the surface properties of fissure sealants
before and after the chewing simulation procedure were ex-
amined with SEM. The roughness and wear values of fis-
sure sealant materials were compatible with the SEM images.
The homogeneous and smooth surface images were observed
in Aegis material, and heterogeneous particle structures in
Clinpro and Ultraseal XT Hydro materials in the SEM anal-
ysis before chewing simulation. The material surfaces after
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chewing simulation were evaluated to monitor the changes.
The particle appearances were declined in all fissure sealant
materials, and cracks were observed on irregular surfaces. The
most cracks were observed in the order of Clinpro, Aegis,
Ultraseal XT Hydro, and Beautisealant material samples. In
literature, no study was found regarding the SEM imaging
method to examine the surface properties of fissure sealants
used in this study. Some studies reported materials showing
similar morphological surface patterns in SEM despite differ-
ences in mean roughness values [43]. Other studies reported
differences and changes in roughness values as observed in
SEM images [44].

5. Conclusions

The surface properties of fissure sealant materials after aging
procedures were affected in various degrees. The fissure
sealant material containing ACP (Aegis) showed the least
change than other materials after aging procedures; and the
sealant material containing S-PRG (Beautisealant) was found
as the secondmaterial exhibiting less change after aging proce-
dures. These materials were not affected by aging procedures
as much as the resin-based sealant material (Clinpro); thus,
they could be used in clinics by postoperative controls. The
study findings demonstrated Ultraseal XT Hydro as the most
affected material by aging procedures; however, its use with
periodic check-ups exhibit advantages in children who cannot
providemoisture isolation or requiring special care. In addition
to the findings of in vitro studies, the selection of fissure
sealant material in children should consider the content, advan-
tages/disadvantages, long-term clinical success rates, specific
features of pediatric patient, and individual treatment needs.
The findings obtained through in vitro aging procedures should
be supported by long-term clinical studies.
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