(c

o|n)

el|e

DOI: 10.5937/bjdm2402117S

BALKAN JOURNAL OF DENTAL MEDICINE

: ISSN 2335-0245
&

The Impact of CO, Laser on the Bond Strength of
Translucent Zirconia and Traditional Zirconia with the
Resin Cement- in Vitro Study

SUMMARY

Background/Aim: The aim of this study is to compare the impact of
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CO; laser on traditional zirconia and translucent zirconia in terms of the
bonding strength to resin cement. Material and Methods: In this in-vitro
study 20 zirconia disks (10 mm diameter and 2 mm thickness) were assigned
to two groups (n = 10). Group 1: 10 discs of traditional zirconia, Group 2:
10 discs of translucent zirconia, CO; lasers were used for pretreatment of
zirconia surface, respectively. Dentinal disks were cemented on zirconia disk
using dual-curing resin cement. Shear bond strength tests were performed at
a crosshead speed of 1 mm/min after 24 h distilled water storage. Data was
analyzed by T Student test. Results: The means and standard deviations of
shear bond strength values in Group 1, and Group 2 were 1.15, 0.38, 1.99,
0.65 MPa respectively. Data showed that application of CO; laser resulted
in a significant higher shear bond strength of resin cement to translucent
zirconia ceramics (p < 0.05). Conclusions: Application of CO, laser
treatment (3W) increases the bond strength to the resin cement of translucent
zirconia compared to traditional zirconia.
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Introduction

Zirconia ceramic dental restorations have gained
considerable prevalence in dentistry and their use has
spread significantly!. Zirconia is crystallized in three
stages: Monoclinic, Tetragonal, and cubic shape. Pure
zirconia remains in the Monoclinic phase at room
temperature and is stable up to 1070 C° and turns into
the Tetragonal phase under higher temperatures and
then to the cubic stage at 2370 C°. When the zirconia
surface is exposed to fracture, stress is concentrated
at the top, causing the Tetragonal crystals to become
Monoclinic crystals; This shift is accompanied by a
volume expansion that closes the surface cracking place;
This property protects the zirconia surface from applied
stress and enhances its resistance. Clinically, there are
several types of zirconia used in dentistry: Tetragonal
Zirconia Traditional (900 to 1200 MPA), High Translucent
Zirconia HT (900 to 1200 MPA), Ultra Translucent cubic
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zirconia UT (from 500 to 800 MPA) that possesses high
Optical properties and secures aesthetic requirements well
improving their clinical use, Super translucent Zirconia
ST (750 MPA) which appeared in 20152,

The most common zirconia used in dentistry is the
traditional multi-crystal Tetragonal zirconia fortified
with Eitria (Y-TZP) with excellent strength but little
transparency which is why new types of transparent
zirconia with improved optical properties have emerged
to be used either for Anterior or posterior restorations,
since it has a different molecular structure and physical
properties compared to traditional zirconia that combines
the strength of zirconia with lithium dual silicate aesthetic
due to its high transparency?.

In order to enhance the adhesive bonding of
traditional Y-TZP zirconia and other ceramic materials
to resin cement, many authors have performed various
surface treatments on these substances and suggested
various techniques such as surface abrasion, Sandblasting
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with Al203, abrasion with diamond rotary instruments,
Tribochemical Silica-coating (TBS) and acid etching with
hydrofluoric acid*.unfortunately, Zirconia has a problem
in bonding compared to other ceramic types such as
glass ceramics reinforced with lithium disilicate crystals.
The application of Hydrofluoroacid and silane to glass
ceramics contributes to the formation of bonds during
adhesion while this does not affect crystal phase ceramics
such as zirconia’.

Recently, due to advances in laser techniques, many
studies have suggested the application of laser beams
such as CO,, Er: YAG, and Nd: YAG to make changes
in zirconia ceramics to improve the bonding strength,
these studies have shown that the use of CO, and Er:YAG
lasers improves the bonding strength of zirconia to
resin cement®’.CO, laser was proposed to treat ceramic
materials because the wavelength of its emissions is
almost totally absorbed by the ceramic®.

Studies have suggested that CO, laser etching is
an effective method for conditioning zirconia surfaces
enhancing micromechanical retention and improving the
bond strength of resin cement on zirconia ceramic but
fewer studies specifically on new generations of zirconia
(translucent zirconia)®?.

The aim of this in vitro study is to compare the
impact of CO, laser on traditional zirconia and translucent
zirconia in terms of the bonding strength to resin cement.

Material and Methods

The current study was performed on 20 zirconia
discs equipped with a standard dimension CAD/CAM
(10 mm diameter and 2 mm thickness) evenly distributed
to two groups according to the zirconia type used as the
following: Group 1:10 discs of traditional zirconia from
(LUXEN zr), Group 2:10 discs of translucent zirconia
(ST) from (LUXEN smile). The surfaces were treated
with CO, laser (AirSafe VersaVac 2 Smoke Filtration
System, Taiwan/Hong Kong) with a wavelength of 10.6
um and output energy of 3W and pulse duration of 160
ms. 6 mm in the center of the zirconia disc was irradiated
for 10 seconds for Imm working distance to the ceramic
surface (Figure 1).

A total of 20 caries-free human molars (extracted in
the periodontal department due to periodontal disease that
caused third-degree movement) were selected, cleaned
and stored in distilled water. The teeth surfaces were
sliced in wet conditions to expose the superficial dentin.
The teeth were fixed in custom designed cylindrical
acrylic molds (EpoxiCure, Buehler, USA) (Figure 2).

After the surface treatment in the target area (6 mm
in the center of the disc), ceramic discs were cemented
to dentinal disc surfaces using the resin cement (B&E
COREA CO.LTD) according to the manufacturer’s

instructions. The resin cement was placed between ceramic
discs and dentinal discs and each dentinal disc was bonded
to a zirconia disk by constant force applied on the disc
(20N) for 10 sec. to obtain homogeneous thickness of
the cement layer. Excess cement was eliminated and the
cement was light-cured by applying light from the four
sides of the tooth with a constant distance of the device’s
head from the disc for 40 sec. each.

Figure 1. CO, laser device

Figure 3. Shear strength test

Shear bond strength was tested in a mechanical testing
machine (Tinius olsen HS0KS, USA) at a crosshead speed
of 1 mm/min (Figure 3). Shear load was applied until
failure occurred using a special head designed with a metal
mold. Shear bond strength values (MPa) were calculated
using the formula: bond strength = F/A, where F is the
force at failure (N) and A is the surface area of the ceramic
cube (mm?).
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The SPSS (SPSS for Windows, Chicago, SPSS Inc.,
USA) was used to undertake the analysis and achieve the
objectives set out in this research.

Results

T Student’s test was conducted to study the
differences in bonding strength (MPa) between the
translucent zirconia set and the traditional zirconia (Table
1), (Table 2). The mean deviation of bond strength values
(MPa) was presented on Figure 4.:

Table 1. Shear bond strength results (MPa)

Group  The mean The The  Minimum Maximum
deviation standard standard
deviation  error
Group 1 1.15 0.38 0.12 0.77 2.06
Group 2 1.99 0.65 0.21 1.51 3.37

Table 2. T Student s test results for samples

T. value
3.517

Average difference
0.84

Significance level
0.002

T Student’s test showed statistically significant
differences in bond strength values between the two
groups where translucent zirconia showed a stronger
bonding to resin cement than traditional zirconia.
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Figure 4. The mean deviation of bond strength values (MPa)

Discussion

The use of zirconia has increased widely in recent
years in the field of dentistry but traditional zirconia
is rarely used on anterior teeth due to the unattractive
color and the risk of breaking ceramic veneers'’; More
recently, highly translucent zirconia has been developed
for anterior monolithic zirconia crowns or fixed dental
prostheses to achieve the cosmetic aspect required for

patients'!, where various microstructural modifications
were made to zirconia materials including temperature
and time parameters for sintering cycles, alumina quantity,
molecule size and ceramic structure!?; Additionally, the
amount of yttria, the stabilizing agent of the tetragonal
phase, has been increased. Therefore, these translucent
Y4- or Y5-zirconias have lower mechanical properties
(flexural strength, fatigue strength, hardness, and fracture
toughness) than traditional Y3 zirconia giving zirconia
(Y4, Y5) higher transparency than traditional Y3 zirconia
and lower mechanical properties'3.

Resin cement is recommended for adhesion due
to its reduced solubility in the oral cavity which reduces
the microleakage between restorations and teeth that
causes discoloration or Caries, as well as good optical
properties and secures adequate stabilization'®!5, But
despite the good mechanical strength of zirconia, adhesive
restorations with resin cement remains a challenge for
dentists as studies have focused on various surface
treatments to improve the bonding strength between
cement and zirconia, such as Tribochemical Silica-
coating, etching with hydrofluoric acid, Sandblasting and
laser irradiation'®.

Mechanical etching and Sandblasting can create
small cracks within zirconia, causing undesirable changes
in mechanical properties and causing micro-cracks,
and some studies have indicated fractures in zirconia
restorations, which may affect the strength of the bond in
the long term!’; therefore, an alternative treatment method
has been developed such as laser irradiation, and it has
been used to provide roughness on the surface of zirconia®
due to the speed and precise control of the laser. Some
researchers (Holthaus et all) also indicated that it can
replace traditional surface treatment by Airborne-particle
abrasion (APA)'S.

Some other studies have shown that using CO, and
Er:YAG lasers improves the bond strength to zirconia
ceramics®, and CO, laser irradiation has been shown to
be an effective method for conditioning and roughening
zirconia surfaces, creating recesses to enhance precise
mechanical bonding, and improving the bond strength of
resin cement to zirconia ceramics®’. Some researchers
have reported that the use of the mentioned lasers (CO,
and ER: YAG) alone or after Sandblasting of zirconia
surfaces are able to improve the bond strength between
Y-TZP and resin cement'?.

In this study, a CO, laser was used to treat the
surfaces of two types of zirconia. The bond strength of the
resin cement applied to a disc of translucent zirconia and
dentin was compared with the bond strength of the resin
cement applied to a disc of traditional zirconia and dentin.
By comparing the two types of zirconia, it was noted a
significant difference between the two groups in terms of
Bond strength: The bond strength in translucent zirconia
was much greater (P=0.002).
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The absorption of the CO, laser beam can be
greater on the surface of the highly translucent zirconia,
which gave a higher efficiency of the laser beam in the
translucent zirconia ceramic than the traditional one
in creating micro-cavities and a higher roughness of
its surface, which increased the bond strength of the
translucent zirconia with the resin cement compared to
the traditional zirconia??, The difference in the chemical
composition, size and quantity of crystals, and the
difference in mechanical properties of both types''?! may
have given the CO, laser the ability to cause structural
changes and surface scratching to a greater extent and
with higher efficiency, which helped increase the bond
with the resin cement and create bridges and bonds
between the zirconia ceramic and the resin cement.

We agreed with Shahin Kasraei in 2014, as the
results of his study showed that the use of CO, and ER:
YAG lasers led to a significant increase in the bond
strength of zirconia with resin cement, with the CO, laser
superior to the Er: YAG laser, as the highest bond strength
was in the group that used the CO, laser??.

Cagri Ural et al. found that the highest bond strength
was when a CO, laser with 2W and 3W power was
used, and this is consistent with our study’. However,
translucent zirconia has lower particle size, elastic
strength, and fracture toughness values than traditional
zirconia causing a different microstructure that negatively
affects adhesion which requires further testing?®. In
addition, only a few studies have reported the effect of
treatments Surface on translucent zirconia®324,

Conclusions

Within the limitations of this study, Application of
CO2 laser treatment (3W) increases the bond strength
to the resin cement of translucent zirconia compared to
traditional zirconia.
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