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Introduction

Abstract

AIM: This in vitro study was designed to evaluate the shear bond strength after bonding between porcelain laminate
veneers and the tooth surface using different etching methods

METHODS: Thirty freshly extracted maxillary premolars were used and prepared for receiving Enamic laminate
veneers. Specimens were divided into two groups (n = 15), according to the surface treatment protocol. The
specimens were sandblasted with 50 um Al,O, for 20 s; 2 bar pressure was maintained for air abrasion. Distribution
of groups was as follow G1: Prepared enamel surface treatment of each tooth was according to the manufacturer’s
instructions. G2: The prepared enamel surface of each tooth was subjected to Erbium,Chromium-Doped: Yttrium,
Scandium, Gallium, and Garnet laser application. Light cured adhesive resin cement was applied to fitting surface
of each ceramic specimen. To simulate thermal aging, the samples were subjected to 5000 thermal cycling in a
thermocycler. By dividing the failure load (N) by the bonding area (mm?), debonding loads were calculated as shear
stress (MPa). Numerical data were presented as mean and standard deviation values. They were explored for
normality by checking the data distribution using Shapiro—Wilk test. Data showed parametric distribution and were
analyzed using independent t-test. The significance level was set at p < 0.05 within all tests. Statistical analysis was
performed with R statistical analysis software version 4.1.2 for Windows.

RESULTS: Group (ll) (15.84 = 3.09) had significantly higher mean value than group (I) (13.69 + 2.36) (t = 2.15,
p =0.041).

CONCLUSION: Within the limitation of this study, it was revealed that the laser surface treatment for tooth substrate
plays a significant role in increasing the shear bond strength of laminate veneers.

Recently, a novel CAD/CAM restorative
material for indirect restorations has been developed.
Patient's need for more esthetics, more durable
restoration, and more conservative for tooth structure

The use of dental computer aided design/
computer aided manufacturing (CAD/CAM) restorative
materials for indirect restorations has recently increased
considerably. Ceramics and composite resins are the
two main groups of CAD/CAM restorative materials [1].
Ceramic restorations have several advantages,
including highly esthetic appearance, wear resistance,
biocompatibility, and color stability.

leading to the use of ceramic laminate veneer which
has widely spread to restore malformed, malaligned and
fractured tooth. This is due to the rapid development of
ceramic materials with efficient bonding to enamel and
dentin using adhesive materials and techniques [4].

Bonding of indirect esthetic restorations to
the tooth structure remains a challenging matter, as
the bonding interfaces are increased with the indirect
restorative procedure. The bonding interfaces include
the tooth structure and the fitting surface of the
restoration. Consequently, to establish a strong and
durable bond, appropriate treatment of the respective
surfaces is crucial [5].

However, ceramics are brittle, causing
excessive wear to opposing dentition, and susceptible
to fracture due to the formation of flaws or defects in
the intaglio surfaces [2]. On the other hand, indirect
composite restorations are more compliant and soft,
easier to finish and polish, create less wear on opposing
dentition, and are conducive to making add-on

: ) ° It is essential to improve the bond strength
adjustments, although they experience high wear [3].

between indirect restorative materials and cements,
since they are the principal factors in the success of
resin-bonded fixed dental prostheses [6]. Recently,
to enhance the shear bond strength, many types of
lasers can be used as erbium lasers. The hypothesis

Consequently, the development of new
restorative materials that combine the advantages of
ceramics and composites will enhance the properties
and longevity of indirect esthetic restorations.

178 https://oamjms.eu/index.php/mjms/index


https://oamjms.eu/index.php/mjms/index

Ali et al. Effects of Surface Treatments on Hybrid Ceramic Bonding

of this study is that there will be no significant
difference in shear bond strength between laser
treated ceramic restorations and conventional
ceramic treatment.

Materials and Methods

In this study, the material was used is hybrid
CAD/CAM restorative material (Vita Enamic [VE]). The
materials compositions used in this study are given in
Table 1.

Table 1: Materials used in this study

No Description Trade name Manufacturer

1 Hybrid Ceramic VITA
ENAMIC
2 Hydrofluoric acid PORELAIN ETCHANT Bisco, Inc.shaumburg, IL,
USA
3  Silane Coupling PORCELAIN PRIMER Bisco, Inc.shaumburg, IL,
agent (Pre-Hydrolyzed silane primer) U.S.A

4 Universal Bonding
agent

5 Phosphoric acid

6 Resin cement

Single bond universal adhesive 3 M ESPE, GmbH, Germany

Meta Etchant
Total Cem

Meta biomed co. Ltd
Bisco, USA

Thirty samples were prepared for this study
and divided into:

° Group 1: 15 teeth without laser application on
enamel surface
° Group 2: 15 teeth subjected Erbium,Chromium-

Doped: Yttrium, Scandium, Gallium, and

Garnet (Er,Cr: YSGG) laser application.

In this study, 30 freshly extracted maxillary
premolars were used. The teeth were cleaned and
examined and those with cracks, caries, restorations,
and structural defects were discarded. The premolars
were stored in saline during the study which was
changed every week.

A specially designed centralizing device
was used to allow accurate centralization of teeth in
the expo blocks. The centralizing device consisted
of five parts: Part A: Copper cylinder with a hollow
internal diameter of 4 cm was fabricated to ensure
that the tooth was centralized during pouring of epoxy
resin. Part B: Vertical stainless rod fixed to the base.
Part C: Horizontal arm attached at one end to the
vertical arm allowing movement in vertical direction
while the other end is joined to a free vertical rod.
Part D: Free vertical rod is attached to the horizontal
arm. Part E: Clamp to hold the teeth. The tooth was
attached from its buccolingual dimension with the clamp
and aligned guided by the centralizing depression in the
copper base. Teeth were fixed at a level of 1mm below
the cement-enamel junction.

The epoxy resin was mixed according to the
manufacturer’s instruction. The mix was placed inside
the copper base until it was completely filled. During the
dough stage, the teeth were inserted with the vertical
rod in the center, after polymerization of the epoxy

resin, the centralizing device was removed leaving the
tooth in a central position inside the copper base.

Using low speed diamond saw Vita Enamic
CAD, specimens were sectioned with dimensions
4x4 mm and thickness 0.5 mm under copious cooling
(Figure 1). Ceramic specimens were inspected after
sectioning for any surface flaws. Dimensions and
thickness were confirmed after sectioning by digital
caliper. All samples were prepared by the same operator
according to the manufacturer’s recommendation for
the purpose of standardization.

Figure 1: Enamic block cutting

To confirm that the area of preparation is 4 x
4 mm, a standard under ruler with same dimension of
ceramic disc “4 x 4 mm” was used. A ceramics disc
was used to confirm the dimensions with the ruler. After
confirmation, the ruler was positioned on the tooth.
After confirmation, the ruler was positioned on the
tooth. A black marker was used to outline the area of
preparation.

A three wheel depth cutter diamond stone was
used to place a number of “2” 0.5 mm depth grooves
to guide the amount of preparation. Buccal surface
was painted with a marker to ensure uniform amount
of preparation. Buccal surface was prepared using blue
coded around end tapered diamond stone to have a flat
surface for the veneer specimens to fit without rocking.
Surface was then finished by red coded finishing stone
and yellow coded finishing stone prepared area was
discernible to the magnifying loops.

The specimens were sandblasted with 50 um
AlQO, for 20 s; two bar pressure was maintained for air
abrasion. Specimens were mounted in a special holder
forming right angles where the distance between the
nozzle and the surface was 10 mm. The specimens
were cleaned in distilled water, and then air dried.

Group 1: The prepared enamel surface of
each tooth was etched using 37% phosphoric acid for
30 s then rinsed with air/water jet for 60 s and dried
to remove excess water. Universal bonding agent was
applied to the etched enamel surface and activated for

Open Access Maced J Med Sci. 2022 Apr 08; 10(D):178-183.

179



D - Dental Sciences

Prosthodontics

20 s, air dried for 5 s then light cured for 10 s according
to the manufacturer’s instructions.

Group 2: The prepared enamel surface of each
tooth was subjected to Er,Cr: YSGG Laser application
(Figure 2).

Figure 2: Laser surface treatment

To simulate thermal aging, the samples were
subjected to 5000 thermal cycling in a thermocycler
which is equivalent to 6 months of thermal changes
in an oral environment, between 5 and 55 C in
deionized water with a dwell time of 30 s and transfer
time of 20 s as recommended in ISO TS 11405
technical specification for testing of adhesion of
tooth structure.

Light cured adhesive resin cement Choice
2 (Bisco, USA) was applied to fitting surface of each
ceramic specimen, then the specimen was gently
seated on the tooth and the excess resin cement was
removed. Each sample was then loaded with 1 kg using
loading device for 5 s. Short initial light curing or tack
curing for 2-3 s was performed to create a semi-gel
state in the luting cement for easier excess material
removal. Then, excess cement was carefully removed
by hand scaler at the margins. Curing was continued for
20 s at rapid mode.

Er,Cr. YSGG was applied under certain
parameters (Table 2).

Table 2: Parameters used for Erbium, Chromium-doped:
Yttrium, Scandium, Gallium and Garnet

Wave length 2780 nm

Energy 03J

Pulse duration 60 us (H-mode)
Frequency 10 Hz

Average power 3w

Peak power 5000 W

Tip size MZ10 (1000 UM)

Shear bond strength test was applied to
ceramic laminate veneers of both groups. To apply
test effectively, each sample was placed in holder
of universal testing machine individually (Figure 3).
0.5 nm/min is speed used with load cell 5 KN with a
parallel knife edge blade positioned at tooth laminate
interface. The debonding fracture load was recorded in

Figure 3: Shear bond strength testing

Newton. By dividing the failure load (N) by the bonding
area (mm?’), debonding loads were calculated as shear
stress (MPa).

Numerical data were presented as mean
and standard deviation values. They were explored
for normality by checking the data distribution
using Shapiro-Wilk test. Data showed parametric
distribution and were analyzed using independent
t-test. The significance level was set at p < 0.05
within all tests. Statistical analysis was performed
with R statistical analysis software version 4.1.2 for
Windows.

Results

Mean and standard deviation (SD) values of
shear bond strength (MPa) for different groups are
presented in Table 3 and Figure 4.

Table 3: Mean * standard deviation of shear bond strength
(MPa) for different groups

Group | Group Il
13.69 + 2.36 15.84 + 3.09
*Significant (p < 0.05) ns; non-significant (p > 0.05).

t-value p
t=2.15 p =0.041*

20
15
10
5
0
Shear bond strength (MPa)
m Group () m Group (I1)

Figure 4: Bar graph representing shear bond strength (MPa) for
different groups
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Group (ll) (15.84 + 3.09) had significantly
higher mean value than Group 1 (13.69 £ 2.36) (t =
2.15, p = 0.041).

Discussion

Recently, all ceramics restorations have
become the most popular choice for patients and
clinicians and are considered a gold standard to treat
destroyed or missing teeth [7]. The superior esthetic
results can be obtained using laminate veneers, build
up the anterior region, and single unit fixed dental
prosthesis [8]. However, the challenge to eliminate
biological, functional and esthetic failure in all-ceramic
restorations is still present [9].

Material used in this study is Vita Enamic
blocks which is a durable hybrid ceramic that can be
processed with efficient CAD/CAM. A diamond stone
with three wheel depth cutter was used to obtain a
number of “2” 0.5 mm depth grooves on the buccal
surface to obtain same amount of reduction.

Recently, using laser etching is one of the
types of surface treatment to increase the bond
strength [10], [11]. The most popular laser used in
restorative dentistry is the Er,Cr: YSGG laser with
2.780 nm wave-length due to its capabilities surface
modification to produce roughening of surface [12].

Kimyai et al. examined the impact of three
methods of surface treatment, 2 W Er,Cr: YSGG laser,
air abrasion, and diamond bur application, on the repair
bond strength of a laboratory composite and confirmed
the effect of Er,Cr: YSGG laser on laboratory composite
repair [13]. Furthermore, in a recent study, different
power settings (1.5, 2, and 3 W) of Er,Cr. YSGG
laser were compared on indirect resin composite,
and no differences were determined between power
settings [14]. In this study, 2 W and 71 J/cm?® energy
density Er,Cr: YSGG laser was used. This method was
found to be as effective as Al203 sandblasting and
CoJet in accordance with the previous reports.

Resin cements commonly used to cement
the ceramic prosthesis give the restoration high
bond strength leading to difficulty in the removal of
restorations [15]. Freshly extracted teeth are perfectly
selected in vitro studies to simulate closely the clinical
conditions. To obtain sufficient number of teeth for
research, the collection of teeth is made over time
so storage following extraction is a must to prevent
dehydration of teeth [16]. All extracted teeth were
stored in saline solution during this research until teeth
were prepared to receive laminate restoration.

The depth of preparation was 0.5 mm to be
sure that preparation was within enamel only. Many
studies recently evaluated that the highly survival rate of

ceramics veneers when bonding of preparation restricted
only to enamel. However, there was increase in failure
rate of laminate veneers when dentin is exposed within
preparation as fracture or debonding [17], [18]. This is
because of different in composition between enamel
and dentin. The enamel is homogenous in composition
which leads to mechanical interlocking with ceramic.
On the other hand, dentin has lower inorganic content,
tubular structure with variations in this structure, and
outward intratubular fluid movement [19].

In addition of dentin has a less rigid base for
placement of restoration than enamel so the flexural
strength of tooth/porcelain may be affected but
because of the lower modulus of elasticity of enamel
than porcelain, the flexural strength of tooth/porcelain
will not be affected [20].

The ceramic specimens were sandblasted with
50 um ALO, for 20 s; two bar pressure was maintained
for air abrasion. Prepared enamel surface was etched
with 37% phosphoric acid for 30 s to enhance the
surface wettability and surface free energy [21]. This
was followed by the application of universal bonding
agent, activated by 20 s which was light cured for 10 s
according to the manufacturer's instructions. The use
of universal adhesive along with phosphoric acid was
recommended by many researchers to achieve optimal
bonding [22], [23].

There are two types of adhesive resin cements
light and dual cured resin cement, in this study, light
cured cement is used. The light cured resin cement has
many advantages as extended working time, excess
cement removal before light activation, and reduce
time for finishing after the restorations have been luted.
Furthermore, light cured resin improves color stability
as no tertiary amines are used as chemical activator
which by time could cause color change.

All specimens were subjected to 5000
thermal cycling, which is equivalent to 6 months of
thermal changes in oral environment, between 5 and
55°C in deionized water with a dwell time of 30 s and
transfer time of 20 s as recommended in ISO/TS11405
technical specification for testing of adhesion to tooth
structure [24], [25], [26].

In this study, AlL,O, sandblasting caused the
highest roughening surface. These irregularities, which
result from sandblasting, also help to provide better
retention for resin cement [27].

Thermal fluctuation with developing crack
propagation, catastrophic failures in  ceramic
restoration, and through hydrolyzing silicon in ceramics
restoration and through hydrolyzing silicon oxygen
bonds at ceramic cement interface cause ceramic
resin bonding weakening overtime. Therefore, thermal
aging was applied in this study to mimic these clinical
situations [27].

In this study, the shear bond strength test
is used to evaluate the bond strength of ceramics
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laminates as the test procedure is very simple, easy,
need minimum equipment, and specimens preparations
are simpler than those of tensile test [28].

Tam and McComb [29] and Fuentes et al. [30]
found conflicting results, as neither of them could detect
a considerable increase in bond strength following the
application of silane.

Our results were in accordance with Mirzaei
et al. [31] evaluated efficiency of laser treatment in
increasing the shear bond strength and compared
the different powers of Er,Cr: YSGG laser (1-6 W)
on a microhybrid composite resin with SEM. They
found that laser surface treatment showed the surface
irregularities in their study.

The hypothesis of this study was rejected as
there was a significant difference between laser surface
treatment and conventional surface treatment, where
laser surface treatment of hybrid ceramics showed
higher shear bond strength than conventional treatment.

Up-to-date, there is still lack of evidence
base literature regarding the influence of laser surface
treatment on the efficiency of bonding, and more
research studies are needed in the coming future.

Conclusions

Within the limitation of this study, it was
revealed that the laser surface treatment for tooth
substrate plays a significant role in increasing the shear
bond strength of laminate veneers.
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