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Abstract

Objectives: This study aimed to evaluate the effects of a 9.3 um microsecond short-pulsed CO2 laser and acidulated phosphate
fluoride (APF) 1.23% gel on enamel acid resistance, microleakage, failure mode, and shear bond strength of dental sealants.
Materials and Methods: 120 extracted posterior teeth were randomly divided into 3 groups (n=40): Group A, resin-based
sealant; Group B, moisture-tolerant resin-based sealant; and Group C, glass-ionomer cement. Each group were divided into 4
subgroups (n= 10) treated with: 1) sealant alone, 2) APF 1.23% fluoride gel + sealant, 3) CO, laser + sealant, and 4) CO, laser
+ APF 1.23% fluoride gel + sealant. Sealants were applied on the buccal and occlusal surfaces. Shear bond strength (SBS) test
was performed on the buccal surface sealants using the Instron® 55664, followed by failure mode assessment under a digital
microscope. After the SBS test, the teeth were sequentially thermocycled, immersed in a 2% methylene blue solution, and
sectioned longitudinally in a buccal-lingual direction. The sectioned mesial halves were examined under a digital microscope
to assess dye penetration. The sectioned mesial halves were assessed for baseline Vickers microhardness at four standardized
points on mesial surface, and for the microhardness after treatment at four standardized points located 50 micrometers on
enamel adjacent to the enamel-sealant interface on the cut surface. The mesial halves were treated to 9 days of pH-cycling
of remineralization and demineralization solutions. After acid challenge, the microhardness measurement was performed at
four standardized points located 50 micrometers next to the four original points.

Results: For the three sealant materials, CO, laser + sealant provided higher SBS than other subgroups: 15.5 + 8.2 MPa for
Clinpro, 16.3 + 7.8 MPa for Embrace, and 4.9 + 4.7 for Fuji. CO, laser + sealant also had lower percentage of adhesive failure
than other subgroups for Clinpro and Embrace. For Clinpro, microhardness values of subsurface enamel adjacent to the
enamel-sealant interface after pH cycling were 202.8 + 30.1 for sealant, 186.7 + 39 for fluoride + sealant, 231.4 + 34.1 for laser
+ sealant, and 258.3 + 28.2 for laser + fluoride + sealant. In Clinpro group, subgroup sealant experienced 40% at microleakage
score 0, 40% at score 1 and 20% at score 2. Fluoride + sealant subgroup experienced only 20% at score 1 and 80% at score
2. Laser + sealant subgroup experienced 70% of score 1 and laser + fluoride + sealant subgroup experienced 30% at score 1.
Conclusion: The 9.3um CO, laser had an overall beneficial effect to sealants on the enamel. It increased shear bond strength
of dental sealants and reduced adhesive failure for the three sealant materials. For Clinpro, the microhardness of subsurface
enamel adjacent to the enamel/sealant interface pre-treated with 9.3um CO, laser was higher than those pre-treated with APF
only or no treatment after pH cycling. CO, laser groups had less microleakage than APF groups.
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Abbreviations: APF: Acidulated Phosphate Fluoride;
SBS: Shear Bond Strength; HAP: Hydroxyapatite; FAP:
Fluoroapatite.

Introduction

Although pit and fissure sealants are effective for
preventing occlusal caries of permanent molars [1], their
highest retention rate was reported around 60% after
5-7 years [2]. Sealants’ retention remarkably depends on
materials and sensitivity to moisture. Conventional and
resin-reinforced glass ionomer cements are less sensitive
to moisture but have lower retention rates than resin based
sealants [2]. Keeping a dry environment in the oral cavity
is difficult, especially in uncooperative children, when
the isolation with rubber dam or cotton roll is impossible.
The moist environment significantly affects the bonding of
resin-based sealants to enamel, increasing microleakage
and the risk of dental caries. Given these major drawbacks
of sealant materials, it is necessary to accompany sealants
with additional strategies to enhance enamel resistance to
cariogenic acids to control caries progression.

Studies have been conducted to assess the ability of
different lasers in increasing enamel resistance to acid
challenge [3-6]. CO, lasers have been long known for their
ability to prevent dental caries by altering enamel surfaces
and inhibiting demineralization both in vitro [7-10] and in
vivo [11,12]. Further studies have explored the ability of
these lasers to prevent such demineralization at varying
wavelengths [9,13,14]. Since this finding, others have re-
enforced the ability of 9.3um CO, laser to prevent enamel
demineralization and analyzed its protective features in
connection with fluoride use [6,8,15,16]. When enamel was
irradiated with a CO, laser, the carbonated hydroxyapatite
was converted to a much more acid resistant purer phase
hydroxyapatite (HAP) [9,17]. In the presence of fluoride, CO,
laser possibly converts HAP to fluoroapatite (FAP), which is
even more resistant against acid dissolution [18]. Chin-Ying
CSH, et al. reported that CO, laser increased the fluoride
uptake into enamel by forming calcium fluoride (CaF,) both
superficially and in its crystalline structure [19]. CaF, inhibits
demineralization and activates enamel remineralization.
Studies of the effects of lasers in combination with fluoride
were either for CO, lasers of different wavelengths (10,600-
nm laser [20], 10.6 um [6,21], 9.4 pym [16], 9.3 um [15]) or for
other lasers such as Er: YAG laser [3], diode laser [22], and
Argon laser [4,23]. Rechmann, et al. reported an increased
resistance to caries around orthodontic brackets, and molar
fissures with the presence of fluoride varnish [12,24] when
using a new microsecond pulsed CO, 9.6-um laser, which
deposits lower energy depositions to avoid harm to the
pulpal tissue. He also showed thata new 9.3 pm microsecond
short-pulsed CO, laser appeared to provide higher bond
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strength values to pit and fissure sealants [8].

Little information is available on the caries prevention
effect, microleakage, and shear bond strength when using a
9.3 um microsecond short-pulsed CO, laser and acidulated
phosphate fluoride 1.23% (APF) gel as an additional
resource for various dental sealants. A study has shown that
dental lasers in combination with topical fluoride treatment
increased the acid resistance of the enamel against the
cariogenic challenge. Previous studies [12,15] tested the
9.3 pm microsecond short-pulsed CO, laser and APF gel
on enamel under acid challenge but did not consider the
effect of various type of sealants and acid etching with 35%
phosphoric acid or conditioner prior to sealant placement.
It is unknown to what extent the 35% phosphoric acid or
conditioner can neutralize the positive effect of CO, laser and
APF gel. This study aimed to evaluate the effects of the 9.3
um microsecond short-pulsed CO, laser (Solea, Convergent
Dental, Inc., Needham, MA) and acidulated phosphate fluoride
(APF) 1.23% gel on enamel acid resistance, microleakage,
failure mode, and shear bond strength of dental sealants.
We hypothesized that the treatment of the enamel surface
with the 9.3 um CO, laser and the APF gel before sealant
placement will increase the enamel microhardness and shear
bond strength, reduce microleakage and adhesive failure,
resulting in reducing the risk of dental caries compared to
sealants alone.

Material and Methods

One hundred and twenty extracted posterior teeth were
randomly divided into three groups each with a different
sealant (n=40) (Table 1). Each group was divided into four
subgroups (n=10) (Table 1). Subgroup 1 was the control
group with just sealant alone. Subgroup 2 samples were
exposed to APF 1.23% fluoride gel (Acclean Fluoride Gel,
1.23% APF, Henry Schein) and sealant. Subgroup 3 samples
were exposed to CO, laser and sealant. Lastly, subgroup 4
samples were exposed to CO, laser, APF 1.23% fluoride gel
and sealant. The CO, laser was used to irradiate the buccal
surface of samples in subgroups 3 and 4 with the following
parameters: pulse fluence of 0.7]/cm? pulse energy 5.5m],
pulse repetition rate 750 Hz, 1 mm diameter beam scanned
in a pattern of an area 7.3mm? The APF gel was applied to
the buccal surface in subgroups 2 and 4 for four minutes then
rinsed thoroughly. In subgroup 4, the sample was exposed to
the CO, laser fluences before the application of fluoride.

Shear Bond Strength and Failure Mode

For each sample, roots were embedded in acrylic resin as
support base exposing the occlusal-buccal surface above the
CEJ. One hundred and twenty teeth were divided and labelled
into three sealant groups, then divided into four subgroups
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(Table 1). On the buccal surface a button of sealant with the
dimensions of 2.38mm in diameter by 2.00mm in height was
applied for each material per manufacturer’s instructions.
Each sample were stored for 24 hours after application in
relative humidity at 37°C. The shear bond strength (SBS)
test was performed using the Instron material testing
machine (Instron 5566A, Norwood, MA). The crosshead
speed moving at 1.0 mm/min at 500N. Each value was
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recorded and analyzed for the failure mode under a digital
stereomicroscope (Olympus® SZX16). Each failure mode
was recorded based on adhesive failure (A): debonding
occurred at the interface between the treated buccal surfaces
and fissure sealant; cohesive failure (B): failure in sealant/
enamel; mixed failure (C): occurrence of both adhesive and
cohesive failures.

Groups Brand/Type
Group A Clinpro™ Sealant, Syringe Introductory Kit - 3M Resin-based sealant
Group B Embrace Wetbond Pit & Fissure Sealant Pulpdent Moisture-tolerant resin-based sealant
Group C Fuji TRIAGE Pit & Fissure Sealant GC America Glass-ionomer cement.
Subgroups Group A Group B Group C
1: Sealant Only Al B1 C1
2: Fluoride + Sealant A2 B2 C2
3: Laser + Sealant A3 B3 C3
4: Las;:lru; rSizzlant + Ad B4 Cc4

Table 1: List of groups and subgroups.

Microleakage

Each sample was thermocycled for 6,000 cycles between
temperatures of 4-5°C and 55-60°C with 15 second dwell
time. Samples were painted with nail varnish and immersed
in 2% methylene blue for 24 hours. The samples were

sectioned buccal-lingually using a slow speed diamond saw
(Isomet 1000, Buehler). Each sectioned mesial half was
examined under a digital microscope (Olympus SZX16) to
asses dye penetration. Microleakage was evaluated based on
the following scores described in Table 2.

Score Type of Stain

Score 0 No stain is present at enamel-fissure sealant interface

Score 1 Stain is present in middle-third of enamel-fissure sealant interface
Score 2 Stain is present at the base of enamel-fissure sealant interface

Table 2: Microleakage evaluation scores.

Microhardness and pH Cycling

The sectioned mesial halves were then assessed for
baseline Vickers microhardness using the Micromet 2104
(Buehler) at four standardized points on the mesial surface
and at four standardized points located 15 micrometers on
the enamel, adjacent to the enamel-sealant interface on the
cut surface. The sample was treated to 9 days of pH-cycling
of remineralization and demineralization solutions. The
pH-cycling process consisted of a 6-hour demineralization
period in acetate/calcium/phosphate buffer solution at of
pH 4.5-5 followed by an 18-hour remineralization period in
a calcium phosphate buffer solution at pH 7.0 [15]. After pH-
cycling, the microhardness measurement was performed at
four standardized points located 15 micrometers next to the
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four original points.

Sample Size

We calculated sample size using results from a published
study that examined in-vitro effect of CO, laser and topical
fluoride gel application on enamel microhardness after acid
challenge [20]. The authors reported that the microhardness
was 238.4 for the teeth treated with CO, laser and 268.3 for
the teeth treated with acidulated phosphate fluoride (APF)
gel and CO, laser. Based on the paper, standard deviations
were assumed to be 21 and 16.5, respectively. To detect
the difference in microhardness between the two groups, a
sample of 20 teeth (n=10 per group) would achieve a power
of 92% and significance level of 0.05. A total of 120 teeth
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were included for 12 groups in the proposed study.

Data Analysis

Number and percentage of sealants with adhesive
failure, cohesive failure, and mixed failure were calculated.
Means and standard deviations were calculated for Vickers
microhardness, microleakage, and shear bond strength.
The one-way Analysis of Variance (ANOVA) was used to
compare the SBS, the microleakage, and the microhardness
at baseline, after treatment, and after acid challenge between
the four groups of each material. Bonferroni correction was
used for post-hoc pairwise comparisons. The chi-square test
was used to compare the failure modes between the four
groups of each material. Statistically significant level was set
at 0.05. Data was analyzed using Stata 15.
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Results

There was a significant difference in SBS between
sealant groups and between subgroups. CO, laser + Sealant
subgroup for Clinpro and Embrace had higher SBS than other
groups (Figure 1 & Table 3). CO, laser + Sealant group also
had significant lower percentage of adhesive fail than other
groups for Clinpro (Figure 2). Subgroup Clinpro sealant and
Laser + Clinpro sealant had SBS of 13.1 + 5.9 MPa and 15.5
8.2 MPa, respectively. SBS of subgroup Embrace sealant was
11.9 + 9.6 MPa and of laser + Embrace sealant was 16.3 + 7.8
MPa. Group Fuji performed significantly lower than Groups
Clinpro and Embrace. The SBS of subgroup laser + fluoride +
Fuji sealant (0.5 + 1.7 MPa) and laser + Fuji sealant (4.9 + 4.7
MPa) were significantly different.
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Figure 1: Shear bond strength test values measured in megapascals.
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Sealant Subgroup Clinpro (MPa) Embrace (MPa) Fuji (MPa) P value*
Sealant 13.1 £ 5.92b4 11.9 £ 9.6%8 1.5 £ 2.5 <0.001
Fluoride +Sealant 4.5 £ 3.3%¢A 10.7 £ 7.348 3.7 £2.48 0.006
Laser + Sealant 15.5 + 8.2¢44 16.3 £ 7.8%08 4.9 + 47248 0.002
Laser+ Fluoride + Sealant 4 + 3.3bdA 1.5 £ 2,720 0.5+1.7* 0.02
P value** <0.001 <0.001 0.01

*: p value for one-way ANOVA test of means SBS values of groups in the same row

**. p value for one-way ANOVA test of means SBS values of groups in the same column

In each column, mean SBS values of two groups with the same lowercase letter were significantly different. In each row, mean
SBS values of two groups with the same uppercase letter were significantly different.

Table 3: Shear bond strength (SBS) of dental sealants.

Group Clinpro had less microleakage overall compared
to Group Embrace and Fuji (Figure 3). In group Clinpro,
subgroup sealant experienced 40% at score 0, 40% at score 1
and 20% at score 2. Fluoride + sealant experienced only 20%
at score 1 and 80% at score 2. Laser + sealant experienced
70% of score 1 and laser + fluoride + sealant experienced
30% at score 1. In group Embrace, subgroup sealant and
laser +sealant experienced score 1 microleakage at 30%
and 20% respectively. In group Fuji, experienced excessive
leakage, however subgroup laser + sealant experienced
about 10% of score 0 and 40% of score 1. There was no
significant difference in microhardness of mesial surface
enamel unrelated to the occlusal sealant before pH-cycling

(Table 4). Group Clinpro showed a significant difference
in microhardness from prior pH cycling values to after pH
cycling values within the subgroups (Tables 5 & 6). Prior pH
cycling hardness values for the four subgroups were 244.5
+ 54.2,252.1 + 48, 279.5 + 39.2 and 255.4 + 42.1. After pH
cycling, hardness values were 202.8 + 30.1, 186.7 + 39, 231.4
+ 34.1 and 258.3 * 28.2 respectively. There was a significant
difference in the microhardness of subsurface enamel
adjacent to the enamel/sealant interface after pH-cycling
between subgroups of Clinpro sealant. Values for subgroup
laser + Fuji sealant were not recorded because sealants fell
off after thermocycling (Figures 4 & 5, Tables 5 & 6).

Sealant Subgroup Clinpro Embrace Fuji P value*
Sealant 239.2+335 243.8+35 249.8+30.9 0.78
Fluoride +Sealant 253.3+80.6 261.1+47.3 285.5 +40.5 0.45
Laser + Sealant 267.6 +28.8 263.4 +43.7 246.6 £ 61.9 0.58
Laser + Fluoride + Sealant 267 £48.3 265.9 £ 40.2 239.5+35.7 0.27
P value** 0.58 0.64 0.11
*: p value for one-way ANOVA test of means SBS values of groups in the same row
**: p value for one-way ANOVA test of average microhardness of groups in the same column
Table 4: Microhardness of mesial surface enamel unrelated to the occlusal sealant before pH-cycling.
Sealant Subgroup Clinpro Embrace Fuji P value*
Sealant 244.5 + 54.2 236.4 + 28.5° 231+56.2 0.8
Fluoride +Sealant 252.1+ 485 239.7 + 25.7° 278.8+29.8 0.06
Laser + Sealant 279.5+39.2 253.2+50.9 252.3+£56.5 0.39
Laser + Fluoride + Sealant 255.4 £ 42.14 298.1 + 35.52b4 n/a 0.04
P value** 0.38 0.005 0.11

*: p value for one-way ANOVA test of means SBS values of groups in the same row

**: p value for one-way ANOVA test of average microhardness of groups in the same column
In each column, average microhardness of two groups with the same lowercase letter were significantly different. In each row,
mean microhardness of two groups with the same uppercase letter were significantly different.
n/a: sealants fell off after thermal cycling

Table 5: Microhardness of subsurface enamel adjacent to the enamel/sealant interface before pH-cycling.
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Figure 3: Microleakage scores 0: no stain is present at enamel-fissure sealant interface; 1: stain is present in middle-third of
enamel-fissure sealant interface; and 2: stain is present at the base of enamel-fissure sealant interface. Fuji sealants of Laser +
Fluoride + Sealant subgroup fell off after thermal cycling.

Sealant Subgroup Clinpro Embrace Fuji P value*
Sealant 202.8 £30.1° 176.1 +47.3 220.2 +£36.8 0.052
Fluoride +Sealant 186.7 + 39bcA 221.7 £ 27.7 230.9 £ 274 0.01
Laser + Sealant 231.4 £ 34.1° 222.1+58.7 222.9+33.7 0.87
Laser + Fluoride + Sealant 258.3 + 28.2°¢ 220.6 +49.9 n/a 0.06
P value** <0.001 0.1 0.8

*: p value for one-way ANOVA test of means SBS values of groups in the same row

**: p value for one-way ANOVA test of average microhardness of groups in the same column

In each column, average microhardness of two groups with the same lowercase letter were significantly different. In each row,
mean microhardness of two groups with the same uppercase letter were significantly different.

n/a: sealants fell off after thermal cycling.

Table 6: Microhardness of subsurface enamel adjacent to the enamel/sealant interface after pH-cycling.
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Discussion

9.3um CO, laser irradiation was demonstrated effective
in reducing demineralization and inhibits caries prevention
[5,12,15]. Many theories have suggested the mechanism of
treating dental caries with laser irradiation can increase
enamel resistance to caries [5]. Laser converts the carbonated
hydroxyapatite to a much more acid resistant purer phase
hydroxyapatite (HAP) [9,17]. The combination of CO, laser
and fluoride has been studied and shows that it enhances the
prevention of caries. CO, laser irradiation on enamel surface
with fluoride application may produce fluorohydroxyapatite
and calcium fluoride (CaF,) which increase enamel resistance
to acid attacks [25].

Bond strength was measured to compare to the
bonding ability of pit and fissure dental materials. Our
results corroborate with other studies showing a significant
improvement in SBS values when irradiating enamel
surfaces with low power CO, laser before placing sealants
[26]. The increased SBS with CO, laser irradiation resulted
in a reduction in the enamel-sealant interface de-bonding. In
addition, the parameters of the CO, laser in our study caused
a very minor change in the enamel surface. Although other
studies showed an increase in enamel microhardness after
applying APF gel, it is still unknown how the APF gel affect
the SBS. In our study, we found that the APF gel applied after
CO, laser irradiation might have interfered with the true
bond that worked between the material and enamel surface.
In subgroups fluoride + sealant of the 3 materials where APF
was used, values were much lower compared to the Groups
where APF wasn’t used. An alternative explanation could
be the difficulty of removing APF properly. There should be
an extra effort to make sure the bonding site is clean and
properly prepped after APF application.
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Marginal microleakage is to mainly measure the
amount of dye penetration which directly represents
bacteria penetration that can lead to caries. Our study
results and a previous study [27] examining microleakage
between restorative materials and the walls of preparations
irradiated with a 9.3um CO, laser did not show a significant
improvement in microleakage. The data obtained showed
less microleakage without APF. The resin-based cement
used in Group Clinpro, performed better than the moisture-
tolerant resin-based sealant and the glass-ionomer cement.
Fluoride releasing dental cements can be tested to further
analyze how fluoride directly effects of 9.3um CO, irradiation
on pits and fissures to reduce microleakage.

Microhardness values represents the resistance of a
material or a surface against challenges to the enamel surface
[28]. It expresses the mechanical strength characteristics if
the material and the challenges to the tooth by the increase
in microhardness [28]. It is important to test for mineral
content and enamel resistance to demineralization. After
pH cycling, subgroup fluoride + Clinpro sealant and laser +
fluoride + sealant showed that the 9.3um CO, laser had an
increasing effect on microhardness. The APF enhanced the
mineral content and will be beneficial to improve caries
prevention. There are several limitations with this study.
First, the effect of moisture environment on the bonding
of sealant to enamel cannot be assessed in this in vitro
study. Second, although increased SBS, microhardness, and
decreased microleakage will be expected with CO, laser
treatment, dental practitioners will be more interested in
clinical outcomes such as retention rate and the reduction
in the development of new dental caries when they decide
which additional methods should be used with sealant
placement. Therefore, this work provided an avenue for
further testing to see what combination of methods will help
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to prevent caries and will lead to further in-vivo studies.

Conclusion

Under the limitations of the current study, the 9.3um
CO, laser had an overall beneficial effect to the enamel.
It increased shear bond strength of dental sealants and
reduced adhesive failure for the three sealant materials. For
Clinpro, the microhardness of subsurface enamel adjacent
to the enamel/sealant interface pre-treated with 9.3um CO,
laser was higher than those pre-treated with APF only or
no treatment after pH cycling. The 9.3um CO, laser reduced
microleakage of Clinpro sealant more than APF.
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