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ABSTRACT

Objective: This study aimed to compare how well pit-and-fissure sealants perform—Iooking at both microleakage and
shear bond strength (SBS)—after six different enamel surface preparation methods that combined either rotary bur or
Er:YAG laser treatment with acid etching and/or adhesive bonding.

Materials and Methods: Sixty healthy extracted posterior teeth were split randomly into two groups (n =30 each): Group1
(Bur mechanical preparation) and Group2 (laser mechanical preparation. Grouplwas further subdivided into three
subgroups: subgroup A (bur alone + sealant), subgroup B (bur + etch + sealant), subgroup C (bur + etch + bonding +
sealant). Similarly, Group 2 was subdivided into three sub groups: subgroup D (laser alone + sealant), subgroup E (laser +
etch + sealant), and subgroup F (laser + etch + bonding + sealant). Clinpro sealant was used for all specimens. The teeth
went through 500 thermal cycles (5-55°C). Microleakage was checked by looking at methylene blue dye penetration under
a stereomicroscope (x40) using a standard 4-point scale. SBS was measured with a universal testing machine. Statistical
analysis used Kruskal-Wallis and Mann-Whitney U tests (with Bonferroni correction) for microleakage, and one-way
ANOVA with Tukey's post-hoc test for SBS (P < 0.05).

Results: subgroup E gave the lowest microleakage (0.53 + 0.73) and the highest SBS (9.32 £+ 1.83 MPa). subgroup A
showed the most microleakage (1.13 + 0.97) and the weakest bond strength (5.34 + 0.49 MPa). Both differences were
statistically significant (P = 0.004; P < 0.001).

Conclusion: Using Er: YAG laser followed by acid etching—without a bonding agent—created the best sealant-tooth
interface. Acid etching remains essential no matter how the enamel is prepared, and adding a bonding agent did not bring
extra benefit.
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INTRODUCTION

The shape of our back teeth—deep, narrow pits and
grooves—makes them a prime spot for cavities to start.
These tiny anatomical traps keep saliva from cleaning them
out, resist toothbrush bristles, and create a low-oxygen
home where cavity-causing bacteria can thrive.! Studies
show that roughly 80—90% of cavities in permanent molars
happen on these chewing surfaces, and they also account for
a good chunk of decay in baby teeth.* That is why sealing
at-risk grooves has become one of the most trusted
prevention tools we have, especially for kids with newly
erupted molars, deep fissures, or high cavity risk.>3

How long a sealant lasts and how well it protects depends
almost entirely on how well it sticks to the enamel
underneath. If the sealant leaks at the edges, bacteria, food
bits, and acids can sneak in and cause decay right under
what looks like a perfectly fine sealant.®® At the same time,

the sealant needs enough strength to hold up to chewing
forces without popping off or cracking at the edges."

That is why how we prep the enamel matters so much. The
classic method—using 35-37% phosphoric acid to etch the
tooth—has been around for ages because it creates a rough,
porous surface that lets the sealant flow in and lock on.'®
But using a dental bur leaves behind a messy "smear layer"
that can clog up those pores and make etching less
effective.* Some dentists add an adhesive bonding layer to
try and improve retention, but the evidence for that extra
step is not solid.> ™!

The Er:YAG laser (2940 nm wavelength) has been getting
a lot of attention as a possible alternative for prepping
enamel. This wavelength matches the absorption peaks of
both water and the minerals in enamel, so it can etch the
tooth very precisely without overheating the surrounding
tissue.'? The surface left by the laser has a unique cratered
look, free of any smear layer, which might make it easier
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for the sealant to soak in.?*73° Patients also seem to prefer
laser work over the drill—a big plus for nervous kids and
adults alike.'”

Even with all these potential upsides, researchers still do not
agree on whether laser prep alone gives good enough
sealant retention, or if you still need to etch and bond
afterward. There is no standard method yet.’'"3*

Our starting assumption—the null hypothesis—was that
none of the six preparation methods would show any real
difference in microleakage or bond strength. Our main goal
was to test all six head-to-head and figure out which one
works best for placing pit-and-fissure sealants.
MATERIALS AND METHODS

Ethical Approval

The ethics board at the National Institute of Laser Enhanced
Sciences (NILES), Cairo University, Egypt, gave the green
light for this study. Everyone who donated teeth signed a

consent form before extraction, and we followed all
institutional rules for working with human tissue.

Study Design

This was a prospective, single-blinded, in-vitro lab study
done at NILES, Cairo University.

Sample Size Calculation

We wused G*Power 3.1 (Heinrich-Heine-Universitét
Diisseldorf, Germany) to figure out how many teeth we
would need. Based on average SBS numbers from a similar
earlier study,'” we calculated that at least 8§ teeth per group
would give us 80% power with o= 0.05 (effect size f=0.55,
one-way ANOVA). To be safe in case we lost any samples
during prep, we went with 10 teeth per group, for a total of
60.

Materials

All the materials we used are listed in Table 1.

Table 1. Materials used in the study.

Brand Name Manufacturer Nature Key Composition
Scotch Bond | 3M ESPE, USA Phosphoric acid gel | 35% phosphoric acid
Universal Etchant
Single Bond | 3M ESPE, USA Universal self- | 10-MDP, HEMA, dimethacrylate resins,
Universal Adhesive etching adhesive Vitrebond copolymer, filler, ethanol, water,
initiators, silane
Clinpro Sealant 3M, St. Paul, MN, | Resin-based pit-and- | TEGDMA, Bis-GMA, silane-treated silica,

USA fissure sealant fluoride-releasing agents
Er:YAG Laser | Fotona, Ljubljana, | Solid-state laser | Wavelength: 2940 nm
(Twinlight) Slovenia device
[-LED Plus Curing | Woodpecker, China | LED  light-curing | Output intensity: up to 2300 mW/cm?; cure time 1
Light unit s per 2 mm resin

Tooth Selection and Storage
We gathered 60 intact, cavity-free human permanent back
teeth (both premolars and molars) from people aged 1845
who had teeth pulled for orthodontic or gum-related
reasons. We did not use any teeth that had cracks (visible
with a light), defects like fluorosis or hypomineralization,
old fillings, or any history of decay. Right after extraction,
each tooth got an ultrasonic bath to clean off any leftover
tissue or tartar, then went into 0.1% thymol solution at 4°C.
We used all teeth within three months of extraction,
following ISO/TS 11405:2015 guidelines for adhesion
testing.
Specimen Grouping and Randomization
We used a computer (Random.org) to randomly assign teeth
to one of six subgroups (n = 10 each). A separate researcher
who was not involved in prepping or measuring outcomes
handled the allocation. The Sub groups were:

e  Subgroup A: Bur prep — sealant

e  Subgroup B: Bur prep — acid etch — sealant

e Subgroup C: Bur prep — acid etch — bonding —

sealant

e  Subgroup D: Laser prep — sealant

e  Subgroup E: Laser prep — acid etch — sealant

e Subgroup F: Laser prep — acid etch — bonding

— sealant

MICROLEAKAGE TESTING

Specimen Preparation

Before any treatment, we cleaned each tooth with an
ultrasonic scaler and then polished it with fluoride-free
pumice mixed with water, using a rubber cup on low speed.
We left the roots intact throughout the microleakage prep.
Surface Treatment Protocols

Subgroup A — Rotary Bur Only: We used a 330 tapered
fissure carbide bur (SS White, Lakewood, NJ, USA) at high
speed with lots of water spray. We lightly ran the bur along
the fissure without going into dentin or making a real
cavity—just enough to standardize the roughness without
removing too much healthy enamel.'°

Subgroup B — Bur + Acid Etch: After the same bur prep
as subgroup A, we put 35% phosphoric acid gel on the
fissure for 15 seconds, rinsed it off for 15 seconds, and
gently air-dried for 10 seconds until the enamel turned that
familiar chalky white.

Subgroup C — Bur + Etch + Bonding: After etching like
in subgroup B, we put a drop of Single Bond Universal
Adhesive on the enamel, spread it with a brush in a
scrubbing motion for 15 seconds, gently blew air to thin it
out, and cured it with light for 20 seconds as the instructions
said.
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Subgroup D — Er:YAG Laser Only: We used a Fotona
Twinlight Er:YAG laser (2940 nm) with settings based on
earlier studies that showed good enamel removal without
hurting the pulp:** 4 W power, 200 mJ per pulse, 20 Hz,

pulse width 230 ps, water coolant at 5 mL/min, for 30
seconds total, moving the handpiece in a sweeping motion
perpendicular to the fissure. The tip stayed 10 mm away
from the enamel the whole time (Figure 1).

Figure 1: The specimen exposed to the laser beam during Er:YAG laser treatment (subgroup D).

Subgroup E — Laser + Acid Etch: After the same laser
prep as subgroup D, we etched with phosphoric acid exactly
as we did for subgroup B.
Subgroup F — Laser + Etch + Bonding: We did the laser
and etching steps from subgroup E, then added the bonding
agent just like in subgroup C.
Sealant Application
We squeezed Clinpro sealant into the main fissure using the
manufacturer's syringe tip, spread it evenly with a small
brush, and cured it for 20 seconds with the I-LED Plus light,
holding it perpendicular to the tooth and about 2 mm away.
Thermocycling
To mimic the hot and cold stress sealants deal with in the
mouth, we put all samples through 500 cycles between 5°C
and 55°C water baths. Each cycle meant 30 seconds in one
bath, then 30 seconds in the other, with a 10-second switch
in between. This followed ISO/TS 11405 recommendations
for lab aging.
Dye Penetration and Microleakage Scoring
After thermocycling, we sealed the root tip openings with
glass ionomer cement (HI flex, Prevost Direct, India) so dye
could not sneak in from the bottom. We painted the whole
outside of each tooth with two coats of nail polish, leaving
a 1-mm ring around the sealant edge open for dye to enter.
Then we soaked the teeth in 2% methylene blue (SD Fine-
Chem Ltd., Mumbai, India) for 24 hours at room
temperature. After rinsing, we embedded each tooth in self-
curing acrylic resin (UNIFAST Trad, GC America, Alsip,
IL, USA) and cut it into three equal slices (buccal to lingual)
with a water-cooled diamond saw.
A single trained examiner who did not know which group
was which looked at the slices under a stereomicroscope
(BX60, Olympus, Japan) at x40 magnification. We picked
the middle slice as the representative one for each tooth.
Leakage was scored using this standard scale:?'

e Score 0: No dye got in

e Score 1: Dye went only up to the first third of the

sealant depth

e Score 2: Dye reached between one-third and two-
thirds deep
e Score 3: Dye went past two-thirds of the sealant
depth

To check consistency, the same examiner re-scored a
random 20% of the slices two weeks later. Cohen's kappa
was calculated to see how well the scores matched.
SHEAR BOND STRENGTH TESTING
Specimen Preparation
We cut off the roots 2 mm below the cemento-enamel
junction with a low-speed diamond disc and water cooling.
Then we split each crown in half lengthwise (front to back).
We embedded each half flat in self-curing acrylic
(Acroston, Egypt) inside standard PVC rings (2 cm wide, 1
cm tall). After the acrylic set, we took off the rings and
polished the exposed enamel with 120- and then 400-grit
sandpaper under running water until we had a flat bonding
surface at least 3 mm across. The person doing the polishing
did not know the group assignments. We checked to make
sure no dentin was showing.
Surface Treatment
We prepped the SBS samples exactly the same way as
described in Section 3.2 for each subgroup (A through F).
Sealant Application
We put a clear gelatin tube (3 mm inner diameter, 4 mm tall)
on each treated enamel surface to make sure the sealant was
always the same shape and size. We squeezed extra Clinpro
sealant into the tube with a syringe and cured it for 20
seconds with the Woodpecker I-LED Plus light (1000-1200
mW/cm?), shining it from both the top and the sides.
Shear Bond Strength Measurement
We clamped each sample into a Universal Testing Machine
(LLOYD Instruments, Ametek, UK). A chisel-shaped blade
was placed flush against the enamel right at the sealant-
tooth edge. We pushed down at a constant speed of 1
mm/min until the sealant broke off. The machine recorded
the peak force in Newtons, and we converted it to MPa
using:
SBS (MPa) = Force (N) / Bonded area (mm?)
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The bonded area came from the tube's inner radius: © x 1> =
7.07 mm?.

STATISTICAL ANALYSIS

We used SPSS version 26.0 (IBM Corp., Armonk, NY,
USA) for all analyses, with P < 0.05 as the cutoff for
significance.

For microleakage (ordinal data), we first ran the Shapiro-
Wilk test to check for normality. Since the data were not
normal, we used the Kruskal-Wallis H-test to look for
overall differences among the six groups, then did pairwise
comparisons with the Mann-Whitney U test. We applied
Bonferroni correction to keep the error rate in check. Effect
sizes were given as rank-biserial correlation coefficients (1).
For SBS (continuous and normally distributed—confirmed
by Shapiro-Wilk and Levene's test for equal variance), we
used one-way ANOVA for the overall comparison, then
Tukey's HSD post-hoc test for pairwise differences. Effect
size was reported as eta-squared (1?). All results are shown
as mean * standard deviation (SD) with 95% confidence
intervals when relevant.

RESULTS

Intra-Examiner Reliability

The repeat scoring of 20% of the microleakage slices gave
a Cohen's kappa of 0.88 (95% CI: 0.79-0.97), which means
the examiner was very consistent.

Microleakage Results

Table 2 shows the score distributions and basic stats for
each group. The Kruskal-Wallis test confirmed a real
overall difference across the six subgroups (P = 0.004).
Subgroup E (laser + etch) did the best, with the lowest
average leakage score (0.53 + 0.73) and the lowest mean
rank (71.17), meaning dye had the hardest time getting
in. Subgroup A (bur alone) did the worst, with the highest
leakage score (1.13 +0.97) and highest mean rank (103.17),
showing the most leakage.

After Bonferroni correction, the Mann-Whitney tests
showed significant differences between A and B, A and E,
B and D, and D and E. No big differences were seen among
A, C, D, and F as a subgroups, nor among B, C, E, and F.
Ranked from most to least leakage: A>D>C>F>B>E.

Table 2. Microleakage score distribution, mean = SD, mean ranks, and inter-subgroup comparisons.

Subgroup Score 0 Score 1 Score 2 Score 3 Mean = SD | Mean Rank

A 26.7% (8) | 46.7% (14) | 13.3% 4) | 13.3% 4) | 1.134+£0.97+ 103.17 2
B 43.3% (13) | 50.0% (15) | 6.7% (2) 0% (0) 0.63+0.61° 79.92b
C 43.3% (13) | 26.7%(8) | 13.3% 4) | 16.7%(5) | 1.03+1.13 = 93.55 @
D 33.3% (10) | 33.3% (10) | 16.7% (5) | 16.7% (5) | 1.17+1.09® 102.08 @
E 56.7% (17) | 36.7% (11) | 3.3% (1) | 3.3%(1) | 0.53+0.73° 71.17°%
F 40.0% (12) | 33.3% (10) | 16.7% (5) | 10.0% (3) | 0.97 £1.00 = 93.12@

P-value 0.004 (S) 0.004 (S)

Different superscript letters mean statistically significant
differences (Mann-Whitney U with Bonferroni, P < 0.05).
S = significant. Scoring: 0 = no dye; 1 = up to 1/3 depth; 2
= 1/3 to 2/3 depth; 3 = beyond 2/3 depth.

Shear Bond Strength Results

Table 3 shows the SBS results. All subgroups passed
normality (Shapiro-Wilk P > 0.05), and variances were
equal (Levene's P = 0.09). One-way ANOVA found a strong
subgroup effect (F(5,54) = 38.7, P <0.001, n>=0.78).

Table 3. Mean shear bond strength (MPa) = SD with 95% CI and inter-subgroup comparisons.

Subgroup | Mean (MPa) | SD 95% CI
A 534¢ 0.49 | 4.99-5.69
B 8.93¢2 0.88 | 8.30-9.56
C 6.33 & 0.82 | 5.74-6.92
D 5.84¢ 0.66 | 5.37-6.31
E 9.32¢ 1.83 | 8.01-10.63
F 7.11°% 1.05 | 6.36-7.86
P-value <0.001 (HS)
Different superscript letters mean significant pairwise = DISCUSSION

differences (Tukey HSD, P <0.05). HS = highly significant.
n>=0.78.

Subgroup E had the highest average SBS (9.32 + 1.83 MPa;
95% CI: 8.01-10.63 MPa), while Subgroup A had the
lowest (5.34 = 0.49 MPa; 95% CI: 4.99-5.69 MPa).

Tukey HSD post-hoc tests showed significant differences
between A-B, A-E, A-F, B-C, B-D, B-F, C-E, C-F, D-F,
and E-F. No significant difference was seen between A, C,
and D as a Subgroup, nor between B and E.

Ranked from highest to lowest SBS:E>B>F>C>D >
A.

We tested six ways of prepping enamel for sealants, looking
at both leakage and bond strength. Our starting
assumption—that all methods would be the same—turned
out to be wrong, since we found clear differences in both
measures.

Bur Prep Without Acid Etching (Subgroup A)

Just using a bur without any etching (Subgroup A) gave the
worst sealant bond, with the most leakage and lowest
strength. The problem is the smear layer—the fine dust and
debris that the bur leaves behind. It clogs up the enamel
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pores, so the sealant cannot soak in. Instead, it sticks to a
loose, weak layer that is prone to leaking and breaking.'*
Adding Acid Etch to Bur Prep (Subgroup B)

When we added acid etching after the bur (Subgroup B),
both leakage and bond strength got significantly better. The
acid dissolves the smear layer and opens up the enamel,
creating a rough, porous surface that lets the sealant flow in
and lock tight.>* This confirms that etching is a must, no
matter how you prep the tooth, matching what other studies
have found.?

Adding Bonding Agent to Bur + Etch (Subgroup C)
Even though it sounds logical to use a bonding agent as an
extra layer, Subgroup C (bur + etch + bond) did not do any
better than Subgroup B in either outcome. One reason might
be that bonding agents are thicker than sealants. When you
put them on an etched surface, they fill up the tiny pores
first, so the sealant cannot get in as deep.?**’subgroup C
also had a fair number of Score 3 leakages (16.7%),
suggesting that bonding might actually create tiny voids or
stress points. Overall, this challenges the idea that bonding
always helps.

Laser Alone (subgroup D) vs. Bur Alone (subgroup A)
We were surprised that subgroup D (laser only) did about
the same—or even slightly worse—than subgroup A (bur
only). The laser should leave a clean, smear-free surface,
but without etching, it did not help. One explanation is that
even though the laser creates a rough, cratered surface, the
heat might partially melt the enamel surface, lowering its
energy and making it harder for the sealant to spread and
seep in.'*2°73° Other researchers have also found that laser
alone does not beat bur alone, and sometimes makes things
worse.?3° So laser prep is not a stand-alone solution; it
needs acid etching to really shine.

Laser + Acid Etch (subgroup E) — The Best Approach
subgroup E was the clear winner on both leakage and bond
strength. The laser creates big, rough features—craters and
exposed crystal ends—that give the acid even more surface
area to work on. Then the acid removes any heat-melted
residue and deepens the porous layer, so the sealant can
form long, strong tags that hold tight.>** This fits with what
several research teams have recommended: laser first, then
etch, for the best sealant bond.3>734

Adding Bonding to Laser + Etch (subgroup F)

subgroup F (laser + etch + bond) did significantly worse
than subgroup E, just like we saw when comparing
subgroups C and B. Again, the bonding agent seems to clog
up the very pores and craters that the laser and acid created,
keeping the sealant from getting in where it needs to go.>*=¢
It also adds another interface where failure can start. So
unless there is a special reason, adding bonding to a laser +
etch protocol is not recommended.

LIMITATIONS

We have to be honest about the limits of this study. First,
lab conditions cannot fully capture what happens in a real
mouth—saliva, chewing forces, bacteria, and temperature
changes over years. Second, 10 teeth per group gave us
enough power for SBS, but we might have missed small
differences in the ordinal leakage data. Third, only one
examiner scored the leakage; having several would have

been better. Fourth, we used just one sealant and one
bonding system; other products might give different results.
Fifth, 500 thermal cycles is a shortcut for aging, not the
same as years of use. We really need long-term clinical trials
to see if these results hold up in people.

CONCLUSIONS

Within the limits of this lab study, here is what we found:

1. Laser prep followed by acid etching (subgroup
E) gave the lowest leakage and the strongest bond of
all six methods, making it the best approach in this
experiment.

2. Acid etching is non-negotiable. Whether you use a
bur or a laser, you have to etch afterward. Neither
method alone is enough.

3. Adding a bonding agent before the sealant—whether
after bur or laser prep—did not help and may actually
hurt by blocking the pores that the sealant needs to fill.

4. Laser by itself did not beat the bur by itself. The laser's
real benefit only shows up when you add acid etching.

5. We need clinical trials before telling dentists to switch
to the laser + etch protocol for everyday sealant
placement.

Ethics Approval

The ethics board at the National Institute of Laser Enhanced
Sciences (NILES), Cairo University, Egypt, approved this
study. All participants who donated teeth signed a consent
form before extraction, and we followed all institutional
rules for working with human tissue.

Competing Interest

The authors have no conflicts to declare.

Data Availability

The full dataset is available from the corresponding author
upon reasonable request.

Funding

No outside money supported this study.

Author Contributions

All authors helped design the study, ran the experiments,
analyzed the data, wrote the paper, and approved the final
version.

REFERENCES

1. Butail A, Dura P, Mangla R. Evaluation of marginal
microleakage and depth of penetration of different
materials used as pit and fissure sealant: an in-vitro
study. Int J Clin Paediatr Dent. 2020;13(1):38-42.

2. Khare M, Suprabha BS, Shenoy R, Rao A. Evaluation
of pit-and-fissure sealants placed with four different
bonding protocols: a randomized clinical trial. Int J
Paediatr Dent. 2017;27(6):444-453.

3. Naaman R, El-Housseiny AA, AlAmoudi N. The use
of pit and fissure sealants—a literature review. Dent J.
2017;5(3):34.

4. Kashbour W, Gupta P, Worthington HV, Boyers D. Pit
and fissure sealants versus fluoride varnishes for

IJDDT, Volume 16 Issue 84s, 2026

Page: 1171



10.

11.

12.

13.

14.

15.

16.

Systematic Review: Consequences of Untreated Dental Caries in Saudi Arabian Children

preventing dental decay in the permanent teeth of
children and adolescents. Cochrane Database Syst
Rev. 2020;11:CD003067.

Chabadel O, Véronneau J, Montal S, Tramini P,
Moulis E. Effectiveness of pit and fissure sealants on
primary molars: a 2-year split-mouth randomized
clinical trial. Ain Shams Dent J. 2021;129: ¢12758.
Safwat O. Comparison between nanocomposites and
conventional pit and fissure sealants: an in-vitro study.
Ain Shams Dent J. 2022; Online First.

Hatirli H, Yasa B, Yasa E. Microleakage and
penetration depth of different fissure sealant materials
after cyclic thermo-mechanic and brushing
stimulation. Dent Mater J. 2018;37(1):15-23.

Dixit A, Awasthi N, Jha S, et al. Assessment of
penetration depth and microleakage of different pit
and fissure sealants using dye penetration method: an
in-vitro study. J Contemp Dent Pract. 2021;22(8):890-
893.

Amend S, Frankenberger R, Boutsiouki C, et al.
Microleakage of pit and fissure sealings placed after
enamel conditioning with phosphoric acid or with
self-etching primers/adhesives. Clin Exp Dent Res.
2021;7(5):763-771.

Schwimmer Y, Beyth N, Ram D, Mijiritsky E. Laser
tooth preparation for pit and fissure sealing. Int J
Environ Res Public Health. 2020;17(3):2-11.

Coelho A, Canta JP, Martins JNR, Arantes-Oliveira S,
Marques PF. Influence of self-etch all-in-one
adhesives on fissure sealant shear bond strength under
contaminated enamel conditions. Eur Arch Paediatr
Dent. 2019;20(1):15-22.

Shingare P, Chaugule V. An in-vitro microleakage
study for comparative analysis of two types of resin-
based sealants placed by using three different types of
techniques of enamel preparation. Int J Clin Pediatr
Dent. 2021;14(4):475-481.

Babaji P, Vaid S, Deep S, et al. In vitro evaluation of
shear bond strength and microleakage of different pit
and fissure sealants. J Int Soc Prevent Communit
Dent. 2016;6(2):111-115.

Unal M, Hubbezoglu I, Zan R, Oznurhan F. The effect
of Er:YAG laser and different surface conditioning
procedures on microtensile bond strength of the
fissure sealant containing amorphous calcium
phosphate after artificial aging. Dent Mater J.
2014;33(1):21-26.

Sridhar LP, Moses J, Rangeeth BN, Sivakumar S.
Comparative evaluation of the marginal sealing
ability of two commercially available pit and fissure
sealants. J Clin Diagn Res. 2016;10(9): ZC01-ZC04.
Bao Z, Sun H, Fan D, Wang X, Wang Q. Shear bond

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

strength and microleakage of pit and fissure sealants
placed after saliva-contaminated etched enamel.
Coatings. 2022;12(4): Article 517.

Lepri TP, Souza-Gabriel AE, Atoui JA, et al. Shear
bond strength of a sealant to contaminated-enamel
surface: influence of erbium:YAG laser pretreatment.
J Esthet Restor Dent. 2008;20(6):386-392.

Borsatto MC, de Lemes Giuntini J, Giamatei Contente
MMM, et al. Self-etch bonding agent beneath sealant:
bond strength for laser-irradiated enamel. Eur J Dent.
2013;7(3):289-295.

Rueggeberg FA. Substrate for adhesion testing to
tooth structure—review of the literature. Dent Mater.
2003;7(1):2-10.

Pushpalatha HM, Ravichandra KS, Srikanth K, et al.
Comparative evaluation of shear bond strength of
different pit and fissure sealants in primary and
permanent teeth—an in-vitro study. J Int Oral Health.
2014;6(2):84-89.

Pardi V, Sinhoreti MAC, Pereira AC, Ambrosano
GMB, Meneghim MC. In vitro evaluation of
microleakage of different materials used as pit-and-
fissure sealants. Braz Dent J. 2006;17(1):49-52.
Bajabaa S, Balbaid S, Taleb M, et al. Microleakage
evaluation in Class V cavities restored with five
different resin composites: in-vitro dye leakage study.
Clin Cosmet Investig Dent. 2021; 13:405-411.
Mazumdar P, Das A, Das U. Comparative evaluation
of microleakage of three different direct restorative
materials in Class II  restorations using
stereomicroscope: an in-vitro study. Indian J Dent
Res. 2019;30(2):277-281.

Baygin O, Korkmaz FM, Tiizliner T, Tanriver M. The
effect of different enamel surface treatments on the
microleakage of fissure sealants. Lasers Med Sci.
2012;27(1):153-160.

Soleymani A, Bahrololoomi Z, Javadinejadi S, Salehi
P. Evaluation of the effects of enameloplasty and air
abrasion on sealant microleakage. Ain Shams Dent J.
2014;11(6):639-643.

Sakkas C, Khomenko L, Trachuk I. A comparative
study of clinical effectiveness of fissure sealing with
and without bonding systems: 3-year results. Eur Arch
Paediatr Dent. 2013;14(2):73-81.

Attar MH, Abdallah MA, Alharthy HA, El Meligy
OA. Effect of bonding agent on retention of different
sealants: an in-vitro study. J Clin Pediatr Dent.
2021;45(3):177-185.

Kasemkhun P, Nakornchai S, Phonghanyudh A,
Srimaneekarn N. The efficacy of dental sealant used
with bonding agent on occlusal caries (ICDAS 2-4):
a 24-month randomized clinical trial. Int J Paediatr

IJDDT, Volume 16 Issue 84s, 2026

Page: 1172



29.

30.

31.

32.

Systematic Review: Consequences of Untreated Dental Caries in Saudi Arabian Children

Dent. 2021;31(6):760-766.

Borsatto MC, Corona SAM, Palma-Dibb RG, et al.
Microleakage of a resin sealant after acid-etching,
Er:YAG laser irradiation and air-abrasion of pits and
fissures. J Clin Laser Med Surg. 2001;19(2):83-87.
Lupi-Pegurier L, Bertrand MF, Genovese O, Rocca JP,
Muller-Bolla M. Microleakage of resin-based sealants
after Er:YAG laser conditioning. Lasers Med Sci.
2007;22(3):183-188.

Youssef MN, Youssef FA, Souza-Zaroni WC, Trbino
ML, Vieira MM. Effect of enamel preparation method
on in-vitro marginal microleakage of a flowable
composite used as a pit and fissure sealant. Int J
Paediatr Dent. 2006;16(5):342-347.

Sancakli HS, Erdemir U, Yildiz E. Effects of Er:YAG
laser and air abrasion on the microleakage of resin-
based fissure sealant material. Photomed Laser Surg.

33.

34.

35.

36.

2011;29(7):485-492.

Lupi-Pegurier L, Bertrand MF, Genovese O, Rocca JP,
Muller-Bolla M. Microleakage of resin-based sealants
after Er:YAG laser conditioning. Lasers Med Sci.
2007;22(3):183-188.

Baygin O, Korkmaz FM, Tiizliner T, Tanriver M. The
effect of different enamel surface treatments on the
microleakage of fissure sealants. Lasers Med Sci.
2012;27(1):153-160.

Lygidakis NA, Dimou G, Stamataki E. Retention of
fissure sealants using two different methods of
application in teeth with hypomineralised molars
(MIH): a 4-year clinical study. Eur Arch Paediatr
Dent. 2009;10(4):223-236.

Memarpour M, Shafiei F. Comparison of 3 one-bottle
adhesives on fissure sealant microleakage: an in-vitro
study. J Dent Child (Chic). 2013;80(1):16-19.

IJDDT, Volume 16 Issue 84s, 2026

Page: 1173



