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ABSTRACT

Aim: The aim of this study was to evaluate the clinical success and the sealing ability of a resin based fissure sealant that applied enamel
surface which was etched with conventional phosphoric acid and Er:YAG laser at different energy levels.

Material and Methods: The study consisted of two parts; the evaluation of retention, marginal discoloration, marginal integrity and new
caries formation for the clinical success after the treatment at 3, 6, 12 months; the evaluation of microleakage and penetration depth to
fissures using dye penetration test. The in vivo part of the study was the surface preparation processes, 72 teeth in each group; It consists
of 32% phosphoric Acid, Er:YAG laser- MSP (Medium Short Pulse) and Er:YAG laser- QSP (Quantum Square Pulse). A total of 45 impacted
human third molar teeth were used for in vitro part. Data were analyzed using SPSS 21.

Results: The relationship between the success rates of 12-month clinical follow-up of fissure sealants and age, gender, and localization
was assessed and there was no statistically significant correlation. When all criteria were considered, the most successful group was QSP.
All the groups demonstrated microleakage regardless of the surface preparation techniques. However, there was no statistically signifi-
cant difference between the groups.

Conclusion: It is considered to determine the optimal energy level of laser will increase the clinical success.
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Amag: Bu calismanin amaci geleneksel olarak kullanilan asit ve farkl enerji seviyelerinde Er:YAG lazer ile piiriizlendirilmis mine
ylzeylerine uygulanan rezin esasl bir fissiir értiiciiniin klinik basarisini ve ortiiciiliik kabiliyetini degerlendirmektir.

Gere¢ ve Yontemler: Calisma iki bolimden olusmaktadir; tedaviden sonra klinik basarinin 3., 6. ve 12. aylarda retansiyon, marjinal
renklenme, marjinal biitiinliik ve yeni ¢iiriik olusumu agisindan degerlendirilmesi; boya penetrasyon testi kullanilarak mikrosizintinin ve
fissiirlere penetrasyon derinliginin degerlendirilmesi. Calismanin in vivo kismi her grupta 72 dis olmak iizere yiizey hazirhig: islemleri;
%32 fosforik Asit, Er:YAG laser- MSP (Medium Short Pulse) ve Er:YAG laser- QSP (Quantum Square Pulse olmak iizere ii¢ gruptan
olugmaktadir. in vitro kisim i¢in toplam 45 adet gémiilii iigiincii molar dis kullanilmigtir. Veriler SPSS 21 kullanilarak analiz edilmistir.
Bulgular: Fissiir ortiiciilerin 12 aylik klinik takibindeki basari oranlari ile yas, cinsiyet ve lokalizasyon arasindaki iliski degerlendirilmis
ve istatistiksel olarak anlamli bir iliski bulunamamistir. Tiim sonuglar géz 6niinde bulunduruldugunda en basarili grup QSP olmustur.
Tiim gruplar yiizey hazirlama tekniklerinden bagimsiz olarak mikrosizinti géstermistir. Ancak gruplar arasinda istatistiksel olarak an-
laml bir fark bulunmamaistir.

Sonug: Lazerin optimal enerji seviyesinin belirlenmesinin klinik basariy: artiracag diistiniilmektedir.
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INTRODUCTION

Dental caries is one of the most common chronic
diseases in childhood.! The prevention of caries is
an important prerequisite for a healthy adult den-
tition.2 Consequently, substantial importance is
placed on the early diagnosis and treatment, pre-
serving the tooth structure as much as possible and
preventive programs that aim to reduce the rate of
caries progression in pediatric dentistry.34

Pits and fissures on the occlusal surfaces of per-
manent molar teeth increase the risk of caries for-
mation, by accumulating more microorganisms
and debris in the grooves. Therewithal, the pits and
fissures are the most susceptible to caries develop-
ment and are the most affected tooth surface.3>

The teeth are often at highest risk to caries dur-
ing the eruption process, as the enamel is not fully
matured, parents are often unaware of the newly
erupting teeth, and cleaning difficulties can arise. It
may also be a challenge for children to brush all
surfaces of the new erupting teeth, effectively, as
molars exhibit a complex morphology, with fis-
sures covering 12% of the tooth surface.2¢

Thus, sealants play a crucial role, among the car-
ies prevention practices. Sealant application is con-
sidered the most effective approach to prevent the
formation of caries on fissures and aims to trans-
form fissures that are ideal for accumulation of
food remnants and bacterial colonization, into
smooth surfaces that can be cleaned easily.”:8

Various materials are used as sealants-11 The
most critical factors affecting the clinical success of
the sealants are the resistance to microleakage as-
sociated with the quality of the adhesion between
the enamel surface and the sealant material, and
consequently, the long-term retention.10.12

The method of enamel surface preparation is di-
rectly related to the adhesion.!3 Phosphoric acid is
conventionally used for conditioning of enamel
prior to sealant. However, this method is time-con-
suming, has an unacceptable taste for children and
requires technical precision. Therefore, new alter-
native approaches, which increase the surface in-
tensity of enamel, have evolved.14 The discovery of
laser treatment in dentistry is an alternative to
many conventional methods. In recent years, laser
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is increasingly used in dentistry as an enamel sur-
face conditioning technique.15

[t is noticed that the pulse duration of lasers is a
significant factor for the etching.1é The recently-de-
veloped quantum-square pulse (QSP) setting of
Er:YAG laser, allows for high-efficiency pulses to
follow each other at the optimum speed, with low
energy. Hence, the absorption and scattering of the
laser beam and, additionally, undesirable thermal
effects on the dental tissues, are prevented.17.18

The etching of enamel surface with various tech-
niques is aimed to increase the success of the clini-
cal outcome. This two-part study evaluates the suc-
cess of a resin-based sealant, applied to the enamel
surface, which is etched with conventional acid and
laser at two different energy levels. Firstly, it was
evaluated the clinical success of the sealants after
the treatment, at 3, 6 and 12 months in vivo. Sec-
ondly, the dye penetration test is performed in
vitro, to observe the microleakage. In the current
literature, no studies compare the Er:YAG laser in
QSP and medium-short pulse (MSP) modes and
conventional acid etching, and evaluate the clinical
success of a resin-based sealant in vivo and the mi-
croleakage in vitro, simultaneously. The initial
study hypothesis was that the use of Er:YAG laser
in QSP mode for etching before the sealant, pro-
vided statistically significant clinical success and
microleakage.

MATERIAL AND METHODS

This study evaluated the success of a resin-
based sealant applied to an enamel surface etched
with acid and laser at two different energy levels in
vivo, as well as the sealing ability of the sealant in
vitro. The materials and equipment used in the
study are listed in Table 1 and Table 2. Ethical com-
mittee approval for the experiments was obtained
(2016/002).

The parents of all children involved in the in
vivo survey were informed about the trial, and both
verbal and written consent was obtained before
procedures. The patients were also advised about
the collection of the teeth to be used in the in vitro
experiments, and verbal and written consent for
the teeth indicated for extraction was attained.
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Table 1 The materials used in the current study.

Clinpro™ Resin Bis-GMA, TEGDMA, ED- = 3M ESPE,
Sealant based MAB [Ethyl 4- (dime- St. Paul,
fissure thylamino) benzoate] MN, USA.
sealant. Diphenyidodonium

hexafluorophosphate,

BHT (Butyl hydroxytol-

uene), CQ (Camphor-

quinone), 1-7% Rein-

forced inorganic filler

(Silane-treated amor-

phous silica), TBATFB

(Tetrabutylammonium

Tetrafluoroborate),

TiO2 (Titanium Diox-

ide), Rose bengal so-

dium.
Scotch- 32% Water, phosphoricacid, @ 3M ESPE,
bond™Uni- phos- synthetic amorphous St. Paul,
versal Etch- = phoric silica, fumed, crystalline = MN, USA.
ant acid gel. free, polyethylene gly-

col, aluminum oxide.
Microscopy = Basic C.I. Basic Red 9. Merck
Cer- fuchsin. KgaA,
stistain® Damnstadt,
Fuchsin Germany.
(C.I1.42510)

Table 2 The equipment used in the current study.

Light- Er:YAG Fiber tip suitable for Fotona, Slo-
Walker AT Laser contact handpiece venia.
System (Code: 71766, Cylin-
drical, sapphire, Di-
ameter: 1.3 mm,
Length: 8 mm, Maxi-
mum energy: 600 mJ)
Protective laser
glasses.
Isomet Slow- Double-sided cutting Buehler
1000 speed diamond fine blade Lake Bluff,
Precision section- (Isomet Diamond Wa- = IL, USA.
Saw ing de- fering Blades, Buehler
vice GmbH Dusseldorf,
Germany).
Kavo Di- Laser flu- = Sapphire tips. Biberach,
agnoDent ores- Germany.
Pen 2190 cence
divice

The study consists of 3 groups: Acid ething, MSP
and QSP (Table 3). The group treatments per-
formed.

Table 3 The study groups.

%32 phosphoricacid etching (20

GRUP1: Acid
second)

GRUP 2: QSP (Quantum Square = Er:YAG laser QSP setting (15 sec-
Pulse) ond)

GRUP 3: MSP (Medium Short Er:YAG laser MSP setting (15 sec-
Pulse) ond)

In vivo Study

The in vivo investigation was conducted on 54
patients (26 male, 28 female), aged between 7-11
(£1,26) years, who had no systemic disorder. Chil-
dren who were referred to our clinic and examined
by a single investigator, and presented no occlusal
problem, bruxism, clamping, non-carious first per-
manent molar teeth that had completed the erup-
tion, and had no developmental defects or restora-
tions, were included in the study. There were 3
groups in the trial, with 72 teeth in each group. The
teeth were primarily examined clinically and radi-
ologically, and also with a laser fluorescence device
(KaVo DIAGNO Dent Pen 2190, Biberach, Germany).

In order to evaluate the clinical efficacy of the all
preparation techniques belonging to the same pa-
tient, at most two study groups were used at the
same time in each patient. Each tooth group was
considered equal in each study group, by applying
a split-mouth design. All dental treatments were
completed before sealant, and all children were
given oral hygiene motivation.

Clinical Procedure

The plaque and debris on the tooth surfaces
were cleaned with brush/water before the sealant
was applied. During the treatment, roll cotton and
rubber dam were used to prevent moisture, and
the surfaces dried with an air-water spray. The oc-
clusal surfaces were etched with acid for 20s and
Er:YAG laser at two different energy levels (120m],
10Hz, 1.2 W ;60%water, 40% air) for 15s (Fig.1),
then washed and air-dried. Next, ClinproTM (3M
ESPE, St. Paul, MN, USA) sealant was applied, in ac-
cordance with the manufacturer’s instructions.
Early occlusal contact points were examined, and,
if necessary, excesses were removed with finishing
burs, followed by polishing, and, thus, the restora-
tion completed.

Figure 1: The etching of the occlusal surfaces with Er:YAG
laser.
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Clinical Evaluation

The clinical success of the sealants, according to
the modified United States Public Health Services
(USPHS) criteria, including retention, marginal in-
tegrity, marginal discolouration and secondary car-
ies formation, was evaluated at 3, 6 and 12 months
(Table 4). 19 The clinical investigation for the suc-
cess of the sealant was assessed by a different, cal-
ibrated and blinded investigator. The sealants de-
noted 'unsuccessful' were repaired or renewed for
ethical reasons, during this period.

Table 4 The modified USPHS criteria.

ALPHA: ALPHA: ALPHA: ALPHA:
Sealant Closely adapted, There was no Absence of
was in- no visual evidence = discoloration. caries.
tact. ofa
crevice along the
margin.
BRAVO: BRAVO: BRAVO:
Sealant Visible crevice There was a
was par- along the margin superficial
tially in- into which the ex- = discoloration
tact. plorer penetrate of the sealant
or catch. but can be re-
moved by pol-
ishing.
CHARLIE: CHARLIE: CHARLIE: CHARLIE:
Sealant Visible evidence of = There was a Presence of
was to- acrevice alongthe = deep colora- caries.
tally lost. margin into which = tion on the
the explorer pene- = edges of the
trate sealant and it
or catch. can not be re-
moved by pol-
ishing.

In vitro Study

A total of 45 impacted human third molar teeth
were examined in vitro. The teeth were cleaned of
organic debris and stored in distilled water at room
temperature, and then randomly divided into 3
groups, for the microleakage to fissures. The etch-
ing of enamel surfaces and sealant application
were performed as per the in vivo part. Samples
were subjected to 10,000 thermal cycles between 5
and 55°C, with a dwell time of 30s and were kept in
distilled water until the test.20 After thermocycling,
the root apices of the teeth were covered with wax.
All tooth surfaces, except the occlusal surfaces,
were isolated with two layers of nail varnish, leav-
ing a 1mm window around the sealants. Subse-
quently, the samples were immersed in 0.5% fuch-
sin staining solution (Merck KgaA, Damnstadt, Ger-
many) for 24h. All the samples were then washed
in plain water to remove excess dye. After drying,

the samples were mounted in acrylic resin blocks.
The crown portions were sectioned buccolingually
into three pieces (Fig.2). The sectioned samples
were examined under a stereomicroscope (Leica
Microsystems Ltd, Heerbrugg, Swiss) at x40 mag-
nification. The degree of the microleakage was
scored by using the criteria listed in Table5.

Figure 2: The sectioned tooth samples for the evaluation
of microleakage.

R

Table 5 The scores of microleakage.

0 no dye penetration

1 dye penetration restricted to occlusal half of the tooth/seal-
ant interface

2 dye penetration restricted to gingival half of the tooth/seal-
ant interface

3 dye penetration up to the depth of the groove and beneath
the sealant

Statistical Analysis

Data were analyzed using SPSS21 (SPSS, Chi-
cago, USA). The single sample Shapiro-Wilk test
was applied, to examine whether each factor had a
normal distribution. Friedman’s test for dependent
multiple comparisons and two related sample tests
for binary comparisons were used. For the micro-
leakage measurements, Post-hoc Tukey and one-
way ANOVA were conducted, to determine statisti-
cally significant differences between the groups.
The relationships between the success rates at 12-
month clinical follow-up of the sealants with age,
gender and localization were assessed by chi-
square and Fisher's exact tests. Statistical signifi-
cance was set at p<0.05.
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RESULTS

The initial hypothesis was rejected based on the
results of the study. The in vivo part of this study
involved 54 children aged between 7-11 years. A
total of 216 permanent first molar teeth were fis-
sure-sealed under three different surface condi-
tions and evaluated in a split-mouth design. Three
patients were excluded at the 3-month follow-up
because they didn’t come to the control appoint-
ments. Patients were assessed according to the

modified USPHS criteria at 3-,6- and 12-month ap-
pointments.

There were no statistically significant correla-
tions between the clinical success rate and these
variables. The most frequent failure was the im-
pairment of marginal integrity. When all criteria
were considered, the most successful group was
QSP. Failure cases in all follow-up periods are given
in Table6.

Table 6 The rates and percentages of modified USPHS criteria of all groups in 12 month follow-up period.

Alfa 47 (69,12%) 40 (58,82%) 20 (29,42%) 63 (92,65%)
1 Bravo 17 (25%) 24 (35,3%) 43 (63,23%)
Charlie 4 (5,88%) 4 (5,88%) 5 (7,35%) 5 (7,35%)
* 46,053 53,82 104,61 54
Alfa 45 (78,95%) 46 (68,66%) 35 (52,24%) 66 (98,51%)
2 Bravo 12 (21,05%) 18 (26,86%) 30 (44,78%)
Charlie 0 3 (4,48%) 2 (2,98%) 1 (1,49%)
* 27,558 48,504 64,789 9
Alfa 36 (52,17%) 28 (40,58%) 19 (27,54%) 66 (95,65%)
3 Bravo 24 (34,78%) 27 (39,13%) 38 (55,07%)

Charlie 9 (13,05%)
i 81,742

*: chi square value. p>0.05, statistically insignificant.

In the 12-month follow-up period, the differ-
ences between Acid and QSP, and Acid and MSP
were not statistically significant while there was a
significant difference between QSP and MSP in re-
tention, marginal integrity and marginal discolour-
ation of the sealants. There was no significant dif-
ference between the three groups in the compari-
son of secondary caries formation.

The in vitro part was performed on 45 impacted
human third molar teeth, and the microleakage
was evaluated. The microleakage scores of all
groups (Table7) were non-significant by Tukey’s
test. All the groups demonstrated microleakage, re-
gardless of the surface preparation techniques.
When the groups were compared for the extent of
microleakage, based on the degree of dye penetra-
tion between the sealant and tooth substance inter-
face, the lowest values were obtained in Acid group,
but the difference was not significant.

Table 7 The rates and percentages of dye penetration test.

1

3 (20%) 3 (20%) 5(33,3%) 4 (26,7%)
2 7(46,7%) @ 4(267%) = 2(13,3%) 2 (13,3%)
3 7(46,7%)  5(33,3%) 2(133%)  1(6,7%)

p>0.05, statistically insignificant. Kruskal-Wallis test.

14 (20,29%)
103,332

12 (17,39%) 3 (4,35%)
107,328 9,923

DISCUSSION

The present study was conducted to evaluate
the clinical success and microleakage of a fissure
sealant by three different etching techniques. Due
to their nature, pits and fissures are prone to dental
plaque accumulation, and cannot benefit from the
remineralisation effect of fluoride as much as the
smooth surfaces.* Therefore, the sealing of chewing
surfaces is required. Sealants are a somewhat effec-
tive treatment for the first dental visit in pediatric
dentistry. In addition, this preventive technique is
cost-effective, without loss of dental tissue.zl.22
Nonetheless, sealants may not stay whole, and thus,
should be examined at regular intervals and re-
paired, if necessary.23.24

Adhesion between the sealant and dental tissue
and long-term retention are the most significant
factors assessing the success.!® Therefore, the
tooth surfaces must be prepared prior to the treat-
ment.25 Different fissure modification methods are
used to prime tooth surfaces.

The use of acid is an accepted and standard
method. Although 32-37% phosphoricacid for 20s,
is routinely used as an enamel conditioner, it has
some disadvantages. Consequently, alternative
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techniques that further increase the surface energy
of enamel have been sought.14

The laser vaporizes water trapped in the hy-
droxyapatite matrix on the surface, causing micro-
ablation. Thus, the enamel surface becomes rough
and irregular, similar to acid etching. It changes the
calcium/phosphorus and carbonate/phosphate ra-
tios of enamel and provides less soluble contents in
the acidic medium. Besides, it can be absorbed only
in the superficial parts of the dental hard tissues,
thereby preventing thermal damage to deep tis-
sues.2627

There are several advantages of the laser over
conventional methods, such as the faster and more
controlled preparation. Particularly, the use of la-
ser etching for children whose isolation is difficult
is favourable. In the literature, conflicting results
are reported. Some studies state that the enamel
etching with the Er:YAG laser exhibits weaker ad-
hesion than conventional methods, while others
describe it as similar or superior to that of tradi-
tional methods.28-30

The lack of consensus on this issue is attributed
to the use of different laser systems or settings.3!
Especially, the laser pulse duration is recognised to
be a significant factor.1¢ It has become possible to
control the pulse duration and wavelength of the
laser beam with the development of variable-
square pulse technology. Less energy is lost by heat,
due to the relatively higher energy of the shorter
than longer pulse modes and, thus, the thermal ef-
fect that occurs in the tissue is minimized with the
efficient and safe ablation.1? It has also been men-
tioned that the enamel surface quality required for
high bond strength can be obtained using the re-
cently-developed QSP setting of the Er:YAG la-
ser.17.18 Qur study supported this claim, in that QSP
was found to be the most successful group in con-
sideration of the clinical success rates.

The fissure-sealed teeth should be examined
clinically and radiographically, at regular inter-
vals.3233 [t is documented that the retention failure
of the sealants is at the highest rate immediately af-
ter application and in the first months.234 There is
a consensus that the success rate of sealants will in-
crease with the regular controls.335

Kumar et al.36 investigated the retention rates
of a fissure sealant placed with 37% phosphoric
acid and Er,Cr:YSGG laser etching at 3, 6, 9 and 12
months clinical follow-up. However, the difference
between the groups was statistically non-signifi-
cant. In another study, Durmus et al.3” applied 35%
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phosphoric acid, Er:YAG laser and laser combined
with acid, prior to sealant and evaluated the reten-
tion and new caries formation ratios at 3, 6, 9, 12
and 18 months. Based on the results, it was con-
cluded thatlaser combined with acid etching exhib-
its superior retention ratios. Likewise, in our study,
the laser groups presented improved clinical suc-
cess rates, as similar to the previous research.36.37

The long-term success and retention of sealants
depend on their resistance to microleakage.5 10 Dye
penetration is one of the most commonly used and
reliable method for this purpose, detecting even
small amounts of leakage.38 Hence, it was imple-
mented in the current study. The samples were also
subjected to thermal cycling 10,000 times, at tem-
peratures ranging from 5-55 °C, to simulate ther-
mal changes in the mouth.20

Glcli et al.39 evaluated the microleakage of a
sealant applied to the teeth that were conditioned
with acid, Er:YAG laser or combined laser and acid.
Microleakage assessments were realised using
0.5% fuchsin dye. There was no statistically signif-
icant difference between the groups, but lower mi-
croleakage values were seen in the group treated
with the combined laser and acid. Similarly, there
was no significant difference between the groups
regarding microleakage, in the present study. In
another report that evaluated the microleakage of
the sealant applied to the enamel surface etched
with the Er:YAG laser, the laser pre-treatment was
deemed an alternative method of sealant applica-
tion.40

One of the major limitations in prospective stud-
ies, as in our research, is the decrease in the recall
rate of the patients when the follow-up period is
prolonged. Therefore, we believe that further stud-
ies, in which more patients are included with
longer follow-up periods, are needed.

This study assessed the methods intended for
increasing the retention that affects the clinical
success of sealants used commonly in pediatric
dentistry. The most important factor in determin-
ing the retention of sealants before their applica-
tion is the conditioning of the enamel surface. For
this purpose, determination of the optimal energy
level of the laser is considered to determine the
clinical success. Within the limitations of this study,
QSP exhibited superior results for the clinical suc-
cess while Acid afforded the better microleakage
outcomes. However, no statistical difference was
observed among the groups.
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