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Aim: The aim of this study was to make a comparison between microleakage of conventionally
restored class V cavities using acid etchant and the ones conditioned by erbium-doped yttrium
aluminum garnet (Er: YAG) laser, and also to assess and compare the effectiveness of enamel sur-
face treatments of occlusal pits and fissures by acid etching and conditioned by Er: YAG laser-etch.
Materials and methods: Seventy-two extracted third molars were used in this study. The
samples were divided into two major groups: class V cavities and pit and fissure sealants. Each
subgroup was divided into conventional acid etching, Er: YAG laser conditioning and conventional
acid etching, and combination with Er:YAG laser conditioning (n=12). The teeth were placed
in 2% methylene blue dye solution, were sectioned, and were evaluated according to the dye
penetration criteria. Two samples per subgroup were chosen for scanning electron microscopic
(SEM) analysis.

Results: There was a significant difference between occlusal and cervical margin groups.
Laser conventional composite cementum group showed more microleakage values compared
to other groups. There was no significant difference between occlusal margin groups. However,
there was a significant difference between cervical margin groups in terms of microleakage. In
sealant groups, there was a significant difference between laser and conventional with/without
laser treatment groups in terms of microleakage.

Conclusion: Based on the results reported in this study, it can be concluded that the application
ofthe Er: YAG laser beneath the resin composite, the resin-modified glass ionomers (Gls), and the
fissure sealant placement may be an alternative enamel and dentin etching method to acid etching.
Keywords: Er:YAG laser, microleakage, etching

Introduction

The principal aim of restorative dentistry was to restore the tooth to its form and
function. The longevity of the restoration is dependent upon many factors such as
the capability to adapt well to a cavity when it is properly placed and good adhesion
to the cavity walls. Failure of restorative materials to completely bond to enamel and
dentin, causing microleakage, is a concern in restorative dentistry.! Treatment of
dental tissues prior to adhesive restorative procedures is an extremely important step
in the bonding protocol and determines the clinical success of restorations. Retention
of dental resin materials is enhanced greatly by pretreatment of the enamel surfaces
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with certain inorganic acids or chelators. Phosphoric acid was
first proposed by Buonocore and was used in dentistry as an
etching agent for enamel and later for dentin.>?

The interaction of the etching agents with dentin is
limited by the buffering effect of hydroxyapatite and other
dentin components. The acidic agents remove the smear
layer and the superficial part of the dentin, open the dentin
tubules, demineralize the dentin surface, and increase the
microporosity of the intertubular dentin.* Penetration of the
acids occurs primarily along the tubules. Bonding to dentin is
thought to basically rely on a micromechanical entanglement
of hydrophilic resins into this demineralized microporous
dentin, thus forming a reticular intertwined hybrid tissue
composed of collagen, residual mineral particles, and resin.’

The composite bond strength to dentin is much less than
that compared to enamel, mainly due to the heterogeneous
nature of dentin (hydroxyapatite and collagen) and the higher
water content of dentin compared to enamel and the hydro-
phobic nature of these restorative materials. Polymerization
shrinkage causes cracks at the tooth—restoration interface
increasing the risk of microleakage and secondary caries.®

Glass ionomer (GI) cement presented some properties
and advantages over other dental materials such as capacity
to bond to the tooth structure, fluoride release, good marginal
sealing, little microleakage, and biocompatibility.”*

Restoring cervical lesions with resin composites has
been a problem, particularly where no enamel is present
for bonding to the gingival margin. The cementum outer
layer is hypomineralized and hyperorganic, which does not
provide microretention for the adhesive materials even after
acid etching.’

Occlusal pits and fissures are particularly vulnerable to
caries and currently account for ~90% of all caries-affected
tooth surfaces.'® Special preventive methods are therefore
needed if further caries reduction is to be obtained. Appli-
cation of fissure sealants and fluoride varnishes are two
preventive procedures developed since 1970s for dental
caries.!! The success of fissure sealants principally depends
upon the quality of adhesion between the sealant and enamel,
which determines their ongoing resistance to the microleak-
age of saliva and microorganisms at the interface.'>'* The
adhesion and retention of the sealant are essentially derived
from micromechanical interlocking, as very little chemical
interaction exists between the resin and the enamel.

Recently, various enamel and dentin treatment procedures
are still under discussion for the optimization of fissure
sealant penetration and good adhesion to the cavity walls.

In recent years, there has been a significant progress in the
use of lasers in dentistry including erbium-doped yttrium
aluminum garnet laser (Er:YAG laser). Since the first pub-
lication dealing with Er:YAG laser application in dentistry
in 1989, several articles concerning the use of Er: YAG laser
have been published.” Er:YAG laser is highly promising
for use in numerous dental procedures, including the caries
treatment, preparation of dental hard tissues (enamel, dentin,
and cementum), prevention and treatment of dentin hyper-
sensitivity, and the periodontal treatment.'*""° It also proves to
be useful in endodontic and soft tissue excision, incision and
ablation, and decontamination of root and implant surfaces.?

As a possible alternative to acid conditioning, the use of
laser therapy has recently shown a promising front.?! The
laser effects on dental tissues consist of thermo-mechanical
wear and evaporation of water content. Laser etching is done
through a process of continuous vaporization and micro
explosions of water entrapped in the hydroxyapatite matrix.
This causes expansion and disposal of organic and inorganic
tissue contents and ultimately a surface with open dentinal
tubules without smear layer.

The aim of this study was to make a comparison between
microleakage of conventionally restored class V cavities
using acid etchant and the ones conditioned by Er: YAG laser
as well as to assess and compare the effectiveness of enamel
surface treatments of occlusal pits and fissures by acid etching
and which are conditioned by Er:YAG laser-etch.

Materials and methods

The procedure to obtain healthy extracted teeth was approved
by the Ethics Committee of the Children’s Hospital of Queen
Fabiola, Free University of Brussels (CEH 24/16). Patients/
parents provided the written informed consent. Seventy-two
freshly extracted non-carious human third molars free from
cracks were collected and placed in physiologic saline solu-
tion until cavity preparation. The distribution of treated teeth
is listed in Table 1.

ClassV

Cavity preparation

After surface debridement with a hand-scaling instrument
and cleaning with a rubber cup and slurry of pumice, a
conventional class V cavity (~4 mm wide, 2 mm high, and 2
mm deep) was prepared on the buccal and lingual surfaces of
60 teeth, using a straight diamond bur (Intensiv ISO 012 FG
8714/6) under constant air—water spray. The coronal margins
were located 1 mm in enamel and the cervical margins were
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located 1 mm in cementum. The samples were divided into
three experimental groups (n=12).

Group A

Buccal cavity (conventional enamel composite [CEC] and
conventional cementum composite [CCC])

After cavity preparation, the enamel, dentin, and cement
were each treated with 35% phosphoric acid (Ultra-Etch®;
Ultradent Products, Inc., South Jordan, UT, USA) for 10 to
20 seconds. The cavity was rinsed thoroughly with water and
dried with a mild oil-free air stream. A total-etch adhesive
system (Optibond™ FL; Kerr Corp., Orange, CA, USA) was
applied to all cavities according to the manufacturer’s instruc-
tions. Primer was applied to the entire cavity wall and was left
to dry for 20 seconds. After conditioning the tooth surface
for 20 seconds, the cavity was exposed to a mild oil-free air
stream. Following the primer procedures, bond was applied
to the entire surface of the cavity, obtaining the bond film, as
uniform as possible, by using a gentle oil-free air stream. The
tooth surfaces were polymerized with an Elipar™ S10 LED
curing light (3M ESPE, St. Paul, MN, USA) for 20 seconds.
The composite resin (Filtek™ extreme XTE; 3M ESPE,
Seefeld, Germany) was inserted in two increments and light
cured for 40 seconds. The restorations were then polished
with Sof-Lex (3M ESPE, USA).

Lingual cavity (conventional enamel glass ionomer cement
[CEGIC] and conventional cementum glass ionomer
cement [CCGIC])

After cavity preparation, the cavity was treated with a mild
polyacrylic acid solution 10% (Dentin Conditioner™; GC
Corporation, Tokyo, Japan) by using a microbrush applica-
tor. After conditioning the tooth surface for 20 seconds, the
cavity was exposed to a mild oil-free air stream. The GI resin
(GC Fuji I LC Improved; GC Corporation) was inserted in
two increments and light cured for 20 seconds. The restored
surfaces were coated with GC Fuji varnish (GC Corporation).

Group B

Buccal (laser enamel composite [LEC] and laser cementum
composite [LCC]) and lingual (laser enamel glass ionomer
cement [LEGIC] and laser cementum glass ionomer
cement [LCGIC]) cavities

After cavity preparation, no acid treatment was used. The
cavities were treated (etched) with Er:YAG laser (Fotona,
Ljubljana, Slovenia) in Quantum Square Pulse (QPS) mode
(1.2 W, 10 Hz, wavelength 2.94 um). Then the teeth were
sealed as described in group A.
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Group C

Buccal (conventional laser enamel composite [CLEC]

and conventional laser cementum composite [CLCC])
and lingual (conventional laser enamel glass ionomer
cement [CLEGIC] and conventional laser cementum glass
ionomer cement [CLCGIC]) cavities

An acid agent as described in group A treated the cavities.
After conditioning, the tooth cavities were treated (etched)
with Er:YAG laser. Then the teeth were sealed as described
in group A.

Fissure sealant

After surface debridement with a hand-scaling instrument
and cleaning with a rubber cup and slurry of pumice, the
teeth were thoroughly washed and dried with a mild oil-free
air stream.

Group D

Conventional sealant (CS)

The occlusal pit and fissures were etched for 20 seconds and
rinsed for 15 seconds. Fissure sealant (Clinpro™; 3M ESPE,
Germany) was then applied and light cured for 20 seconds
according to the manufacturer’s instructions.

Group E

Laser-etched sealant (LS)

No acid treatment was used. The occlusal pit and fissures
were treated (etched) with Er:YAG laser (Fotona) in QPS
mode (1.2 W, 10 Hz, wavelength 2.94 pm). Then they were
sealed as described in group D.

Group F

Conventional laser-etched sealant (CLS)

The occlusal pit and fissures were etched for 20 seconds,
rinsed for 15 seconds, and were then treated (etched) with
Er:YAG laser. Fissure sealant was applied as described in
group D.

After sealing, the samples were placed in distilled water
at 37°C and then thermocycled 1,000 times between 5°C and
55°C with a transfer time of 10 seconds and a dwell time of
30 seconds.

Dye penetration

Sixty teeth (10 per group) were covered with two layers of
nail varnish till 1 mm around the restorations. The teeth were
placed in 2% methylene blue dye solution for 24 hours and
rinsed under flowing tap water to remove excess dye. The
samples were sectioned in the buccolingual direction by

using a water-cooled diamond saw (Leitz 1600 saw micro-
tome; Ernst Leitz Wetzlar GmbH, Wetzlar, Germany) to
obtain 4-5 slices for the groups A, B, and C and 7-8 slices
for the groups D, E, and F. All sections were viewed under a
stereomicroscope (Leica EZ4W; Leica Microsystems CMS
GmbH, Wetzlar, Germany) and were evaluated according to
the following criteria:

1. No evidence of dye penetration

2. Dye penetration along the occlusal/gingival wall to less
than half of the cavity depth

3. Dye penetration along the occlusal/gingival wall to more
than half of the cavity depth, but not extending on to the
axial wall

4. Dye penetration along the occlusal/gingival wall to the
full cavity depth, but extending onto the axial wall

The data collected were statistically analyzed by using the
one-way ANOVA and Tukey’s multiple comparison test. The
level of significance was set at P<0.05. The statistical analyses
were performed by using the software “GraphPad Prism”
version 7 (GraphPad Software, Inc., La Jolla, CA, USA).

Scanning electron microscopic (SEM)
analysis

For SEM evaluation, two representative specimens from
each subgroup were taken. The teeth were sectioned in the
buccolingual direction, and the specimens were subjected to
dehydration in acetone solution for 2 minutes. The specimens
were mounted on aluminum stubs, dried in vacuum, and then
coated with 20 pm platinum. The samples were examined
under SEM (Quanta 200; FEI Company, Hillsboro, OR, USA).
Micrographs were taken to observe the quality of bonding
between the restorations and dental hard tissue (Figures 1-4).

Results

Dye penetration

ClassV

The data collected were shown in Tables 2 and 3. There was
a significant difference between occlusal and cervical margin
groups (P<0.0001). Laser conventional cementum composite
(LCCC) group showed more microleakage values compared
to other groups.

Occlusal margin

There was no significant difference between groups. Nev-
ertheless, CEC group presented more microleakage values
(Figure 5).

86 submit your manuscript

Dove

Clinical, Cosmetic and Investigational Dentistry 2018:10


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove Effect of laser treatment on adhesion

Enamel

Sealant

Det Mag HV WD HFW | Scan - 100.0pm ==
ETDC 0Ox 30.0 kV22.6 mm 0.34 mm 11.20 s 7-conv-sealant-180316

Figure | Acid etching sealant: interface between sealant material and enamel (arrows). SEM x800.
Abbreviation: SEM, scanning electron microscope; det, detector; ETD, Everhart-Thornley Detector; Mag, magnification; HV, high voltage; WD, working distance; HFW,
horizontal field width.

Sealant

Det Mag HV WD HFW | Scan . .
ETD 1600x 30.0 kV21.8 mm0.177 mm 11.20 s 6-Laser-etch-sealant-180316

50.0pm

Figure 2 Laser etching sealant: created microretention by Er:YAG laser (arrows). SEM x1,600.
Abbreviations: Er:-YAG, erbium-doped yttrium aluminum garnet; SEM, scanning electron microscope.

Cervical margin Fissure sealant

There was a significant difference between the compar-  The data collected are shown in Table 4 and Figure 7. One-
ing groups LCCC, LCGIC, laser conventional cementum v,y ANOVA indicated significant differences between the
glass ionomer cement (LCCGIC) (P<0.0002), CCGIC  oroups (P<0.05). There was a significant difference between
(P<0.001), and CCC (P<0.05) in terms of microleakage  [.§and CLS groups with CS group in terms of microleakage
(Figure 6). (P<0.05).
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Enamel

Det Mag HV WD HFW Scan 50.0pm
ETD 1600x 30.0 kV24.6 mm 0.17 mm|11.20 s 1-Laser-cvi-180316

Figure 3 Laser etching Gl cement: created microretention by Er:-YAG laser (arrows). SEM x1,600.
Abbreviations: Gl, glass ionomer; Er:YAG, erbium-doped yttrium aluminum garnet; SEM, scanning electron microscope.

Cementum

e
Det Mag HV WD HFW Scan . 50.0pm
ETD 1600x 30.0 kV21.2 mm0.17 mm 11.20 s 2-Laser-conv-compo-180316

Figure 4 Acid and laser etching cervical margin: microleakage between resin composite and cementum (arrows). SEM x1,600.
Abbreviation: SEM, scanning electron microscope.

Table 3 Grading of dye penetration of cervical margin

Table 2 Grading of dye penetration of occlusal margin cccx CCGIC LCC™ LCGIC Lccew  LCcaIC

0 0 0 | 0 0
CEC CEGIC LEC LEGIC LCEC LCEGIC | 0 0 0 4 0
0 0 0 0 0 0 I 0 0 0 3 0
0 0 0 0 0 0 I 0 0 0 3 0
0 0 0 0 0 0 I 0 3 0 0 0
0 0 0 0 0 0 0 2 3 0 4 0
0 0 0 0 0 0 0 0 0 0 4 0
0 0 0 0 0 0 0 2 4 0 4 0
2 0 0 0 0 0 2 0 0 0 4 0
0 0 0 0 0 0 3 0 3 0 0 I
0 0 0 0 0 0 - - -
Note: **Very highly significant difference; **highly significant difference; *significant
| 0 0 0 0 0 )
difference.
Abbreviations: CEC, conventional enamel composite; CEGIC, conventional Abbreviations: CCC, conventional cementum composite; CCGIC, conventional
enamel glass ionomer cement; LEC, laser enamel composite; LEGIC, laser enamel cementum glass ionomer cement; LCC, laser cementum composite; LCGIC, Laser
glass ionomer cement; LCEC, laser conventional enamel composite; LCEGIC, laser cementum glass ionomer cement; LCCGIC, laser conventional cementum glass
conventional enamel glass ionomer cement. ionomer cement; LCCC, laser conventional cementum composite.
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Note: ***Very highly significant difference; **highly significant difference; *significant difference. There was a significant difference between CCC, LCC, LCCC and the other

groups in terms of microleakage.

Abbreviations: CCC, conventional cementum composite; CCGIC, conventional cementum glass ionomer cement; LCC, laser cementum composite; LCGIC, laser
cementum glass ionomer cement; LCCGIC, laser conventional cementum glass ionomer cement; LCCC, laser conventional cementum composite.

Discussion
Several studies reported that the use of different adhesive
systems in cavities prepared by Er: YAG laser and, regardless
of the material used, showed higher microleakage in cervical
margins which were located on cementum and dentine in
comparison with the enamel margins.?>?* In our study, the
same adhesive material, the same resin composite, and the
same GI cement were used in order to determine the leakage
in class V cavities. The apical margins of class V cavities were
located in cementum, while the occlusal walls were located
in enamel. In cementum, the results of our study showed that
the composite material groups especially LCCC group have
a mean microleakage value greater than the GI cement. At
the gingival margin of the GI cement groups, cavities treated
with polyacrylic acid revealed more leakage compared with
conditioned laser-etched cavities. However, additional acid
conditioning with laser etching treatment did not fulfill the
amount of microleakage.

These higher composite microleakage values seen in
cervical margins may be related to the lower ability of hybrid

layer formation on cementum and is also related to technique
sensitivity of bonding to dentine in comparison with its
bonding to enamel.” The lack of dentinal tubules and higher
organic content of the dentine in cervical margins could result
in higher leakages.?* GI cements especially resin-modified
Gls are the material of choice when dealing with root caries
or non-carious cervical lesions.? The results of this study are
in agreement with those of other studies.?6?’

In this study, enamel, dentin, and cementum specimens
were obtained from the same tooth for more standardization
of the chemical composition and the degree of mineraliza-
tion when the two materials were compared with each other.
Laser-etching as an option for cavity conditioning prior to
resin composite adhesion was investigated in a limited num-
ber of studies. It has been described that bonding to dentine
is more technique- and substrate-sensitive than bonding to
enamel .

For minimally invasive dentistry with an Er:YAG laser,
a power of 10—12 W seems to be sufficient. There is no real
need for the development of more powerful Er: YAG lasers,
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Figure 6 Occlusal margin microleakage between different groups.

Notes: There was no significant difference between groups. Nevertheless, CEC group presented more microleakage values.
Abbreviations: CEC, conventional enamel composite; CEGIC, conventional enamel glass ionomer cement; LEC, laser enamel composite; LEGIC, laser enamel glass ionomer
cement; LCEC, laser conventional enamel composite; LCEGIC, laser conventional enamel glass ionomer cement.

Table 4 Grading of dye penetration of pit-fissure sealants

CS* LS CLS

- O — O — O N O O

©O O O OO O O O o o
O O O O O O O o o o

o

Note: *Significant difference.
Abbreviations: CS, conventional sealant; LS,
conventional laser-etched sealant.

laser-etched sealant; CLS,

because while speeding up the treatment by increasing
pulse energy, more side effects such as leaflets and cracks
may appear.? Unlike acid etching, the mechanism of tissue
removal by laser is not demineralization. A micro-ablative
process causes vaporization of water and dental organic
components, promoting micro explosions that cause the
resulting destruction of inorganic substances resulting in
microscopic surface irregularities in which the adhesive
system can penetrate, fostering retention.>*3! In our study,

CEC group showed more leakage compared to LEC and
LCEC, but there was no significant difference in evaluating
microleakage degree. These results may be attributed to the
absence of debris, as laser produces no enamel smear layer
or alteration in enamel morphology.!

In comparison with acid etching, laser etching is less
technique-sensitive and gives more control over the area that
needs to be precisely etched. GI cement, due to properties
such as adhesion to tooth structure, fluoride release, low
shrinkage, low secondary caries, and low microleakage, has
been widely used as restorative material. Most studies have
shown a lower microleakage by resin-modified GIs than con-
ventional GIs. In the present study, a resin-modified GI (Fuji
II LC) was used as restorative material in class V cavities.
Several studies have shown that resin-modified GIs showed
less leakage compared with conventional GIs.3>* Qur results
showed that Fuji Il LC exhibited least dye penetration at both
the gingival and occlusal margins.

Fissure sealing has been recognized as very effective
in preventing dental decay. The long-term retention of the
sealant bonding and its tight micromechanical adhesion to
the enamel are dependent upon the forces of the mechani-
cal interlocking between the resin tags, the enamel, and
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Figure 7 Sealant groups.
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Notes: *Significant difference. There was a significant difference between CS and LS, LCS in terms of microleakage.
Abbreviations: CS, conventional sealant; LS, laser sealant; LCS, laser conventional sealant.

the stresses appearing at the interface.’* Sealant retention
is mainly mechanical, as the physicochemical interaction
between the resin and etched enamel is small.

The results of our study showed that when Er: YAG laser
was used to prepare pits and fissures, it improved sealing
between sealant material and enamel, but there was no sig-
nificant difference between the sealant groups. The potential
benefit of laser to increase the adhesion or to be used for etch-
ing tooth surfaces is still controversial. To date, the results of
the studies carried out on microleakage in both class V cavi-
ties and fissure sealants were contradictory.>*’ The varying
and conflicting results can be explained by noting that the
studies were performed in different procedures and without
standardization. Thus, caution is required when comparing
microleakage results from different studies. Nonetheless, it is
reported that microleakage tests may be reliable parameters
to predict in. The operating parameters of these microleak-
age tests such as the number of thermocycling, dwell time,
number of cycles, and dye medium were widely different.
Other factors such as morphology, organic debris, and pres-
ence of aprismatic enamel could affect the performance of
microleakage tests.

With the introduction of lasers in dentistry, they are
indicated for a wide variety of procedures in dental practice.

The disadvantages of the dental lasers are the relatively high
cost and the fact that no single wavelength is ideal for all
clinical procedures.

Conclusion

Based on the results reported in this study and within the
limitations of an in vitro investigation, it can be concluded
that the application of the Er:YAG laser, beneath the resin
composite, the resin-modified Gls, and the fissure sealant
placement, may be an alternative enamel and dentin etching
method to acid etching; however, further research with larger
samples and a recognized consensus standard is needed.
Clinical studies also need to be encouraged.
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