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ABSTRACT

Aim of the study : This study was designed to set up proper laser parameters including laser
type, power intensity and time of application for glazing of a particular glass-ceramic.

The effect of laser glazing of the glass-ceramics on structural and roughness was investigated,

evaluated and compared with the recommended glazing technique.

Material and Methods :The materials used in this study were two commercially available
lithium disilicate ceramics, fabricated by two different techniques: conventional lost wax (Injectable
heat — pressed) and machinable Computer Aided Design / Computer Aided Manufacturing (CAD/
CAM) techniques. A total of 50 ceramic samples in the form of discs (Smm diameter and 2 mm
thickness). For CAD/ CAM samples, a total of 50 discs were done sequentiallyin the Cerec 3
CPUacquisition unit. Two glazing techniques were adopted to the studied ceramic samples namely;
conventional glazing and laser glazing. For each material subjected to the different glazing protocols
structural Analysis, Surface Roughness was measured before and after glazing using white light

Profilometry.

Results: Results of surface roughness (Ra) of the two investigated materials; IPS E-max press
and IPS E-max CAD using two different surface treatments; conventional glazing and laser glazing
in comparison to the control group are presented. For of M, ; IPS E-max press material ANOVA
results showed that the control group had the significantly highest surface roughness followed
by laser glazing, while the conventional glazing showed the significantly lowest mean surface
roughness (p <0.001). Regarding M2; IPS E-max CAD material no significantly difference was

found between conventional glazing and laser glazing.

Conclusions:Within the limitations of the current study, the following conclusions were drawn:
1. Conventional glazing can be considered as the most reliable glazing technique as regard surface
roughness. 2. Laser glazing with high power density increased the surface roughness of lithium
silicate based ceramics.
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INTRODUCTION
Throughout dental history, dentists have

continually searched for the ideal restorative
material. Dental ceramics are commonly used to
serve this purpose because they are biocompatible
and semitransparent to create esthetic restorations.
As well, ceramics can tolerate heavy loads and have
a thermal expansion coefficient suitable for dental

structure. 2

The surface of all dental restorative materials
should be smooth to allow biologic compatibility,
proper function and better esthetics. The rough
surfaces can accumulate stains, plaque, decrease the

flexural strength of a material®.

Thus, proper surface finishing is essential to
prevent some of these problems by providing
a smooth surface. There are three techniques
available to obtain a correct finish for the dental
ceramic: self glazing (intrinsic glazing), traditional
glazing (extrinsic glazing), and mechanical surface

polishing.

Recently, there is an increased demand of laser in
material processing that can be attributed to several
unique advantages of laser. These advantages are;
improved product quality, reduced processing cost,
non-contact processing, elimination of finishing

operation and minimum heat affected zone.

Over the last two decades, the use of laser
systems for the treatment of ceramic, in particular
surface glazing, has received increased interest.
According to the current literature, there is no
optimum wavelength or laser power for ceramic
glazing. Thus, different interaction of applications
time and power intensities of laser beam could lead
to various ceramic surface effects that need further

investigation

Sara Salah Hegazy, et al.

MATERIAL AND METHODS

I. Materials

The materials used in this study were two
commercially available lithium disilicate ceramics,
fabricated by two different techniques: conventional
lost wax (Injectable heat — pressed) and machinable
Computer Aided Design / Computer Aided
Manufacturing (CAD/CAM) techniques.

Materials used in the study:
Material 1 (M,) IPS E-max press
Material 2 (M,) IPS E-max CAD

II. Methods:

A total number of 100 samples were used in the
current study, half of which were assigned to each
material (M); (n= 50/M).

Construction of Samples

For Pressable Ceramic Samples:

A total of 50 ceramic samples in the form of
discs (Smm diameter and 2 mm thickness) were fab-
ricated using specially designed stainless steel mold
while for CAD /CAM Samples:

A total of 50 discs were done sequentially in the
Cerec 3 CPU acquisition unit,

Grouping of Samples According to the
Glazing Technique (G):

Two glazing techniques were adopted to the
studied ceramic samples namely; conventional
glazing and laser glazing.

Conventional glazing (G,) for Both materials
(M, and M,) according to the manufacturer’s
instructions.

Laser glazing (G,) Both materials (M, and M)
were subjected to laser glazing using CO, laser
device (Nova pulse Lx-20 SP, Lwxar, Bothell, wash)
in the continuous mode (15 msec. 2HZ),). The laser
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parameters used were 20 watt Power, 200 J Energy
and 10 seconds application time repeated three
times with a resting period of 10 seconds between

each application.

Structural Analysis

X-Ray diffraction (XRD)
conducted to identify the crystalline phases of the

analysis  was
glass ceramic samples before and after glazing
using X-Ray Diffractometer

XRD analysis was conducted with Cu k_, ray of
wave length 1.54056 A and with 20 angle ranging
from 10° — 70°at an angular sweeping rate of 0.01°.
Then, the characteristics peaks of each phase
were matched with the data compiled in the joint
committee of powder diffraction standards (JCPDS)
database.

Surface Roughness:

Five samples for each material and for each
glazing technique were prepared for roughness
measurement before and after glazing using white
light Profilometry

The Profilometer is a general purpose surface
optical profiler that measures the microstructure and

topography of surfaces in three dimensions.
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RESULTS

I. Results of X-Ray Diffractometer Analysis:

X-ray diffraction spectral curves for the
Ml and M2,

conventional and laser glazing in comparison to the

investigated materials; after

control groups are presented in Figures 1,2

Regarding M ; IPS E-max press, results showed
that all major and minor peaks of the control group
matched with that of the JCPDs card no 82-2396
for lithium silicate. Major peaks were detected at
20= 243, 23.8 and 46.19 which corresponded to
d-spacing= 3.64, 3.73 and1.96 respectively. While,
minor peaks was detected at 20= 24.86, 30.68 and
63.6 which corresponded to d-spacing = 3.57,2.91
and 1.46 respectively.

After conventional glazing for heat press
materials, results showed remarkable decrease in the
intensity of the peaks which appeared at 20=24.29,
24.83 and 46.09 that corresponded to d- spacing
= 3.66, 3.58 and 1.96 respectively. Similarly,
after laser glazing, results showed decrease in the
intensity at 20 =24.33 and 46.12 that correspond to
d-spacing = 3.65 and 1.96 respectively. Meanwhile
new peak appeared at 20 = 26.64 that corresponded
to d- spacing = 3.34.
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Fig. (1) X-ray diffraction spectral curves for M1 (E-Max press
materials) control, conventional and laser groups

Fig. (2) X-ray diffraction spectral curves for M2 (E-Max CAD
materials) control, conventional and laser groups
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Regarding M2; IPS E-max CAD, results of XRD
for the control group showed that all major and
minor peaks also matched with that of the JCPDs
card no 82-2396 for lithium silicate. Major peaks
were detected at 20 =24.9, 23.89, 24.45 and 37.73
which corresponded to d-spacing =3.56, 3.72, 3.63
and 2.38 respectively.

After conventional glazing of CAD/CAM
material, results showed no changes in the intensity
of the peaks which appeared at 20=24.8,23.8,24.38
and 37.63 which corresponded to d-spacing= 3.64,
3.73,3.64 and 2.38 respectively.

After laser glazing result showed no remarkable
changes at 20= 24.8, 23.7, 24.35and 37.63 which
corresponded to d-spacing =3.57, 3.73, 3.65 and
2.38 respectively.

I1- Results of Surface Roughness

Results of surface roughness (Ra) of the two
investigated materials; IPS E-max press and IPS
E-max CAD using two different surface treatments;
conventional glazing and laser glazing in comparison
to the control group are presented in Table (1) and
graphically illustrated in Figure (3)

Results showed that the mean surface roughness
of M ; IPS E-max press material were 1.60+0.12 p,
0.35+0.10 # and 1.13+0.15 p for the control group,
conventional glazing and laser glazing respectively.
ANOVA results showed that the control group
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had the significantly highest surface roughness
followed by laser glazing, while the conventional
glazing showed the significantly lowest mean

surface roughness (p <0.001).

Regarding M2; IPS E-max CAD material, the
mean surface roughness were 1.48 + 0.24 u, 0.58
+0.06 p and 0.77 = 0.15u for the control group,
conventional glazing and laser glazing respectively.
Control group showed the statistically highest
surface roughness (148 + 0.24 p). However,
no significantly difference was found between

conventional glazing and laser glazing.

Heat press CAD/CAM
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Fig. (3): Mean surface roughness (u) of the two investigated
materials using two different glazing techniques in
comparison to the control group.

Table (1): Mean surface roughness (x) and standard deviation values for the two investigated materials with

two different surface treatments.

Surface treatment Conventional .
Control . Laser Glazing (G2)
Glazing (G1)
P-value
Technique Mean SD Mean SD Mean SD
Heat press (M) 1.60* 0.12 0.35¢ 0.10 1.13° 0.15 <0.001*
CAD-CAM (M,) 1482 0.24 0.58° 0.06 0.77° 0.15 <0.001%*

* Significant at P < 0.05, different superscripts in the same row are statistically significantly different
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DISCUSSION

The use of ceramic permits a great opening of
applications inside of the modern dentistry, due
to its biocompatibility and capacity to reproduce
extremely pleasant esthetic aspects in the oral
rehabilitation. Therefore, the demand for achieving
superb esthetic quality has led to an increase in the
development of new materials and new technologies.
Improvements in ceramic technology have taken the
form of novel processing techniques. This together
with patient demands for superior esthetic has led to
a renewed interest in all-ceramic technology.

Although dental porcelains almost meet the
needs expected from a restorative material, they
have an important disadvantage. These materials
are brittle and have very low fracture toughness
(~1.0 MPa m'?)®_ which limit their applications.

The limited fracture toughness is related to the
porcelain’s failure mechanism. Stress concentrations
around microstructural defects will eventually lead
to crack propagation and catastrophic failure.*>9
Due to the low fracture toughness of porcelains,
even low stress levels concentrated around crack
tip can result in crack propagation.© Therefore, the
presence of pores and flaws within the porcelain
microstructure has a significant influence on clinical
lifetime of the restoration.

In order to reduce the number of flaws and

surface roughness caused by processing or
grinding, a porcelain restoration can be submitted

to glazing”#? or polishing procedures. ®:?

The glaze cycle may be carried out with or
without the application of a new glass powder (the
so-called overglaze and auto-glaze, respectively).
Both approaches produce a smooth surface with
significantly less flaws and higher gloss level.'!?

It seemed to be important to investigate newly
developed fabrication technologies. Thus, two
materials based on the technique of fabrication have
received much interest; IPS E-max Press and IPS
E-max CAD both based on lithium disilicate.
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However, this material comprises detailed and
technique sensitive steps that consumed many
hours in the dental lab. This urged the manufacturer
recently to introduce the new IPS E-max CAD to be
used with the novel Cerec in Lab which allowed an
easy, reliable and rapid fabrication for all-ceramic
dental restorations with high mechanical strength
and a good biocompatibility.

Many studies®? that
porcelain provided the smoothest and most dense

suggested glazed
surface. Other than smoothness, the hardness and
discoloration of the porcelain have been also points
of interest. It has been proved that conventional
methods for the surface glazing of dental ceramic
materials were not capable of creating a smooth
surface without microcracks. Meanwhile, it was
suggested that laser glazing of ceramic surfaces
inhibited the formation of microcracks leading to
greater mechanical resistance of the ceramic.

Recently, an alternative heat treatment using
laser technology was proposed for the glazing cycle
of porcelain.'® It was claimed that laser glazing
resulted in specimens with fewer superficial defects
and smoother surface when compared to specimens
glazed in a conventional furnace. In addition, laser
glazing shortened the time needed to obtain smooth
surfaces.

This technical procedure provides a remelting
and subsequent solidification of the surface, result-
ing on a dense top layer with a new microstructure.
Moreover, Binns (1983) ¥ found that the melted
superficial layer of ceramic material has a lower
thermal expansion coefficient than interior. This
would place the outer surface in compression when
cooled. The compressive stress state would dimin-
ish the local tensile stress produced from applied
loading at surface flaws, thereby necessitating the
need for increased applied loading to initiate flaw
propagation from the external surface.

In the current study, the laser treatment was
achieved by using CO, laser beam of diameter 0.4mm
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and 10.6 pm wavelength that was directed to the
center of the ceramic disc. The beam was delivered
in a continuous mode through an articulating arm
while using 20 watt Power and 10 seconds application
time. This was repeated three times with a resting
period of 10 seconds between each application. A
resting period of 10 seconds between each shot was
made to reduce the cumulative thermal effect of the
laser beam on the samples surface and preventing
surface melting of the ceramic. In addition, the used
laser parameter (20watt, continuous mode) was
selected after different pilot studies with different
laser power and application time (10 watt) and (30
watt) in continuous and pulsed mode for 10 and
20 seconds. The pilot studies showed that using
low power settings produced nearly no changes in
the surface roughness measurements. Meanwhile,
high power setting caused extensive charring of the
ceramic samples. reported that CO, laser revealed
a distinct surface alterations to zirconia surface at
various laser parameters. Results showed excessive
melting of the ceramic surface when 20 watt Power
for 30 seconds without resting periods was used.
They concluded that by using these parameters,
the surface destruction that might be in the form of
cracks or excessive melting was prevented.

CO, laser was reported to be well suited for
the treatment of porcelain materials because its
emission wavelength is almost totally absorbed
by porcelain. However, the effect of laser glazing
of ceramic materials on their properties differs
according to variation in energy density of the CO,
laser and power setting.

It should be mentioned that selection of CO, laser
type was based on the previous findings!>!16:17:18)
who stated that CO, is suited for the treatment
of the surface of materials in relatively safe and
easy means. This could be attributed to that CO,
laser beam did not penetrate the ceramic surface
as other laser types that might cause uncontrolled
microstructural changes.
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X-ray diffraction was performed to evaluate
studied
The diffraction patterns of porcelain specimens

internal structure of the specimens.
demonstrated sharp well-defined peaks which
indicated that both materials having predominantly
crystalline structure with very few broad bands
which corresponded to the amorphous glassy phase.
However, the spectral curves of both materials;
E-max CAD and E-max press showed that glazing
whether conventional or laser glazing changed only
the intensities of peaks rather than their position.
This indicated that glazing had no significant effect
on the internal microstructure of porcelain and it

was just a surface treatment.

In all X-ray diffraction patterns of porcelain
samples, the measured peak positions belonged
to peaks of lithium disilicate which was the main
crystal phase with orthorhombic lattice structure.
The peaks of the control groups of both investigated
materials, demonstrated a remarkable decrease in
their intensities after laser treatment. This could be
explained by the thermal effect of laser in providing
energy, sufficient to make slight changes in the
atomic positions or causing slight overlapping of
some atomic planes over each others.?

According to roughness results, ceramic samples
of heat pressed material showed that conventional
group had the lowest roughness, while for CAD/
CAM material, no significant difference was
found between conventional and laser groups. The
increase in surface roughness with laser group
could be attributed to the effect of the laser energy
discharge that promoted a distinct surface changes.
These changes were in the form of pores, caused by
material removal by the laser, and elevations caused
by fusing and melting of the most superficial ceramic
layer and its re-solidification. Besides, microcracks
formation, as shown in the SE micrographs, as well
as the increase in crystal size with laser irradiation.

This result was in agreement with Akin, et
al., (2011)® and Cavalcanti, et al. (2009a)?"
who irradiated ceramic surface with laser and
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found increased surface roughness and surface
irregularities compared to the untreated specimens.
Additionally, Stiibinger et al., (2008)""” studied the
effect of laser on ceramic surface. They applied CO,
Laser manually on the discs in circular motion to
expose the entire surface. Results showed increased
surface roughness and cracks formation. Though, in
this paper the author applied the CO, laser manually
on the disc in a circular motion in order to expose the
entire surface. Meanwhile, in the current study, CO,
Laser was selected as an alternative to oven glaze as
a surface treatment after chairside adjustment when
considering roughness and color parameter.

CONCLUSIONS

Within the limitations of the current study, the
following conclusions were drawn:

1. Conventional glazing can be considered as
the most reliable glazing technique as regard
surface roughness.

2. Laser glazing with high power density increased
the surface roughness of lithium silicate based
ceramics.
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