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Abstract

Background: Application of zirconia in dentistry has increased due to its good properties. Since zirconia is not possible to be
etched, evaluation of the other methods of surface treatment is important.
Objectives: The aim of this study was to evaluate zirconia surfaces treated by different output powers of Er: YAG laser and sandblast-
ing technique by scanning electron microscope (SEM).
Materials andMethods: 15 specimens were prepared of 3Y-TZP ceramic material. After polishing of all the samples, divided into 5
groups; control group, 1.5 W Er: YAG laser irradiated group, 2.5W Er: YAG laser irradiated group, 3.5 W Er: YAG laser irradiated and
sandblasted group. Then SEM image of each group were prepared and analyzed.
Results: The SEM images of study groups showed there is no significant difference between control group and laser groups at ×
3000, but at the more magnifications (× 15000 and × 60000), with increasing laser power, surface roughness and deformation of
crystals increases. SEM of Sandblasted group showed a change in surface texture with the formation of microretentive grooves and
deformation of zirconia crystals shape.
Conclusions: By increasing the Er: YAG laser power on zirconia ceramics, the surface roughness increases but not impressive. Appli-
cation of sandblasting technique on zirconia provides greater surface roughness than Er: YAG laser treatment. 1.5 W (150 mJ) Er: YAG
laser radiation has no significant effect on surface morphology of zirconia but 2.5 W (250 mJ) and 3.5 W (350 mJ) outputs, change
the surface morphology.
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1. Background

Zirconia is a type of ceramic that has recently attracted
dentists and patients because of its desirable features (1).
Zirconia has excellent biocompatibility (2), its color is sim-
ilar to tooth and its mechanical properties is similar to
stainless steel (3). It has three temperature-dependent pat-
tern: 1. monoclinic 2. tetragonal 3. cubic. The tetrago-
nal pattern that comes after the 1170 C° heat treatment is
the most useful form of zirconia in dentistry. Metal oxides
such as MgO, CaO or Y2O3 is added to it for stability at room
temperature. At present, tetragonal polycrystalline zirco-
nia stabilized with Yttrium (Y-TZP) is the best-known and
most widely used combination of zirconia in dentistry (2,
4). When stress leads to a crack on the surface of a zir-
conia, crack energy makes a phase change, tetragonal to
monoclinic, since monoclinic crystals are bigger in size
than tetragonal a volume increase happens at the region
which leads to crack seal (2) and high hardness of zirconia
(4). This feature of zirconia that improves its physical and
mechanical properties is named “Transformation Tough-

ening” (5).

To increasing bond strength of orthodontic attach-
ments to dental restorations, different methods of surface
treatment have been used. Application of acid etching
technique for surface treatment of porcelain causes a good
bond strength for metal brackets (6, 7) but this method
is not efficient on zirconia since it has no silica and glass
phase (8). Finding new ways to improve bonding to zirco-
nia is important.

Laser is used in dentistry for different purposes; for
example, caries removal, cavity preparation and surface
treatment of restorations (8, 9). The absorption of laser
energy by the substrate is the most important interaction
between the laser and the substrate (10, 11). Er: YAG laser
radiation is significantly absorbed by water and hydroxyl
group of apatite crystals in dental hard tissues. The laser
heat increases the pressure and volume which creates mi-
croscopic damages that lead to the removal of dental hard
tissues (12-14). Er: YAG laser has a wavelength of 2940 nm
and a pulse mode of radiation. It can create clear and ac-
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curate edges in enamel. Its damaging effects on the pulp is
not significant because the depth of its influence is negli-
gible. Cavity preparation by Er: YAG compared with grind-
ing, is less likely to cause adverse pulp reactions. When the
laser is used to remove decay, it usually does not require lo-
cal anesthesia. Application of erbium: yttrium-aluminum-
garnet (Er: YAG) laser for surface treatment before bonding
of brackets have shown acceptable results (8, 9).

Sandblasting with Al2O3 is another common tech-
nique, used for surface treatment. Using this technique on
ceramics, removes the contaminated layer, increases the
available bonding area and improves the wettability of lut-
ing materials (15).

2. Objectives

The aim of this study was to evaluate zirconia surfaces
treated by different output powers of Er: YAG laser and
sandblasting technique by scanning electron microscope
(SEM).

3. Materials andMethods

15 ceramic specimen with dimension of 10 mm × 10
mm × 7 mm were cut from presintered block of 3Y-TZP
ceramic material (Dental Direct, Germany) using cutting
machine (Mecatome T201A, France) under water cooling.
During sintering process about 20% shrinkage occurred, fi-
nally the samples with a dimension of 7 mm × 7 mm × 5
mm were obtained. The sintering process was conducted
in accordance with the manufacturer’s instructions. The
ceramic surfaces were then polished in a polishing ma-
chine using a series of silicon carbide abrasive papers in
sequence (grit 120, 220, 600, and 1,200; Struers, Ballerup,
Denmark) for 15 seconds under water irrigation at 150 rota-
tions per min to obtain flat surfaces. The specimens were
then randomly divided into five groups.

Group 1, control: No surface conditioning procedure
was applied to this group.

Group 2, laser treatment: In the second group, the sur-
face of zirconia specimens were irradiated by Er: YAG laser
(Smart 2940 D Plus, DEKA laser, Florence, Italy) with Output
power and energy of 1.5W and 150 mJ, in long pulse mode,
with a wavelength of 2940 nm, frequency of 10 Hz, for 20
second. The distance of laser application was 2 mm in all
groups. At high powers of laser irradiation with increasing
of the temperature, water irrigation was done automati-
cally.

Group 3, laser treatment: In the third group the surface
of zirconia samples were irradiated by Er: YAG laser, with
Output power and energy of 2.5 W and 250 mJ, long pulse

mode, wavelength of 2940 nm, frequency of 10 Hz, for 20
second.

Group 4, laser treatment: In the fourth group, the sur-
face of zirconia samples were irradiated by Er: YAG laser,
with Output power and energy of 3.5 W and 350 mJ, long
pulse mode, wavelength of 2940 nm, frequency of 10 Hz,
for 20 second.

Group 5, sandblasting: The zirconia surfaces were
sandblasted with 50 µm Al2O3 particles from a distance of
10 mm and at a pressure of 20 psi for 5 seconds.

SEM analysis: Before the SEM analysis, the zirconia
specimens were gold coated with a sputter coater (Desk
sputter coater - DSR1, Iran). Finally, Images from each
group were taken using electron microscope (Hitachi S-
4160, Japan).

4. Results

The SEM images of study groups (Figures 1, 2, 3 and 4)
showed no significant difference between control group
and laser groups at× 3000, but at the more magnification
(× 15000), by increasing laser powers, surface roughness
and deformation of crystals increased. SEM of Sandblasted
group (Figure 5) showed a change in surface texture with
the formation of microretentive grooves and the deforma-
tion of crystals shape.

5. Discussion

The purpose of this study was to evaluate zirconia sur-
faces treated by different powers of Er: YAG laser com-
pared to sandblasting technique in a qualitative man-
ner. In the present study Sandblasting technique caused a
rougher surface with irregularities rather than laser treat-
ment. Subasi et al and Caglar et al. also demonstrated that
the sandblasting method provided rougher surfaces than
Er:YAG laser radiation and this method can be used to ob-
tain micromechanical retention (16, 17). Whatever the size
of Al2O3 particles and Sandblasting time increases the pos-
sibility of phase change and creation of surface roughness
increases (18). In our study, the size of particles and dura-
tion of sandblasting were 5oµm and 5 seconds which com-
pared to studies of zirconia is very cautious; however, SEM
images of sandblasted group show phase change to mono-
clinic has happened probably, because crystal shapes has
changed, and surface roughness is evident; although de-
termining the precise amount of phase change and the sur-
face roughness requires XRD analysis and profilometer de-
vice, respectively. A study have shown that biaxial flexural
strength of the Y-TZP materials significantly increases af-
ter sandblasting and sandblasting causes more amount of
monoclinic phase rather than grinding (19).
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Figure 1. Zirconia Surface, Control Group (Original Magnification × 3000, × 15000, and × 60000)

Some studies have shown that smooth surfaces sur-
rounded with microcracks are created after Er: YAG laser
radiation on zirconia (16, 20), in the SEM images of laser
groups in the present study no microcrack was detected
but uneven surface and crystal shape deformation were
evident at × 15000 and × 60000 magnifications. Some
studies have concluded that high-power laser radiation
causes undesirable morphological changes, they have rec-
ommended to use 200 mJ and less powers (20). In our
study the change of morphology of surface and crystals
were detected at 2.5 W (250 mJ) and 3.5 W (350 mJ) laser
groups. At the 1.5 W (150 mJ) laser group no surface change
was detected and it was similar to control group. It seems
1.5 W (150 mJ) Er: YAG laser radiation has no significant ef-
fect on surface morphology. This finding is consistent with
results of previous studies (20).

6. Conclusions

1. By increasing the Er: YAG laser power on zirconia ce-
ramic, the surface roughness increases but not impressive.

2. Application of sandblasting technique on zirconia
provides greater surface roughness than Er: YAG laser treat-
ment. This method can create microretentive grooves that
probably improve bonding to zirconia.

3. 1.5 W (150 mJ) Er: YAG laser radiation has no signif-
icant effect on surface morphology of zirconia but 2.5 W
(250 mJ) and 3.5 W (350 mJ) outputs change the morphol-
ogy of zirconia surface and crystals.
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Figure 2. Zirconia Surface Treated by Er:YAG Laser with Output Power of 1.5 W, 150 mJ (Original Magnification × 3000, × 15000, and × 60000)
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Figure 3. Zirconia Surface Treated by Er:YAG Laser with Output Power of 2.5 W, 250 mJ (Original magnification × 3000, × 15000, and × 60000)
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Figure 4. Zirconia surface treated by Er:YAG laser with output power of 3.5 W, 350 mJ (Original magnification × 3000, × 15000, and × 60000)

6 Iran J Ortho. 2017; 12(2):e7267.

http://orthodontics.pub


Hosseini MH et al.

Figure 5. Zirconia Surface Treated by Sandblasting Technique (Original Magnification × 2000, × 6000, and × 60000).
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