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Introduction

CAD/CAM ceramic blocks were first introduced to the
dental market in the early 1980s 1). CAD-CAM ceramic
restoration has since gained popularity in routine clini-
cal practice as restorations including all-ceramic
crowns, inlays, onlays, and veneers mimic natural
teeth. Ceramic core materials are categorized into 3 dif-
ferent types: glass, alumina-based, and zirconia 2). 
       CAD/CAM ceramic materials have properties of
great interest for various structural applications. The
chemical stability of dental ceramics lends them good
mechanical and optical properties and excellent bio-

compatibility 3). However, these ceramic materials are
also notoriously brittle and susceptible to fracture, and
this significant fragility has proven a major disadvan-
tage limiting further applications. 
       To overcome some of the problems seen in earli-
er ceramic materials, different surface treatment meth-
ods have been proposed for CAD/CAM ceramics to
provide roughness and promote micromechanical
retention 4). Various authors do not recommend air-
abrasion prior to cementation as it may affect the
ceramic surface by creating microcracks and reducing
the fracture strength of the ceramic 5). Other studies
suggest that machining produces a rough surface, like
the air-abraded surface in some machinable all-ceramic
systems 6-8).
        Prompted by advances in laser technology, some
studies have suggested applying lasing media such as

Microhardness evaluations of CAD/CAM ceramics 
irradiated with CO2 or Nd:YAP laser

Ahmed El Gamal 1,  Jean Paul Rocca 1, Carlo Fornaini 1,3, 

Etienne Medioni 1, Nathalie Brulat-Bouchard 2

1: Micoralis laboratory EA 7354, University Côte d’Azur, Nice, France
2: Mines ParisTech–Centre de Mise en Forme des Matériaux (CEMEF), CNRS-UMR 7635, 

Sophia Antipolis, France
3: Group of Applied ElectroMagnetics, Information Engineering Department, 

University of Parma, Italy

Background and aims: The aim of this study was to measure the microhardness values of irradi-
ated computer-aided design/computer-aided manufacturing (CAD/CAM) ceramics surfaces before
and after thermal treatment. 
Material and Methods: Sixty CAD/CAM ceramic discs were prepared and grouped by material,
i.e. lithium disilicate ceramic (Emax CAD) and zirconia ceramic (Emax ZirCAD). Laser irradiation at
the material surface was performed with a carbon dioxide laser at 5 Watt (W) or 10 W power in
continuous mode (CW mode), or with a neodymium:yttrium aluminum perovskite (Nd:YAP) laser
at 10 W on graphite and non-graphite surfaces. Vickers hardness was tested at 0.3 kgF for lithium
disilicate and 1 kgF for zirconia. 
Results: Emax CAD irradiated with CO2 at 5 W increased microhardness by 6.32 GPa whereas
Emax ZirCAD irradiated with Nd:YAP decreased microhardness by 17.46 GPa. 
Conclusion: CO2 laser  effectively increases the microhardness of lithium disilicate ceramics
(Emax CAD).

Key words: CAD/CAM ceramic • Microhardness • CO2 laser • Nd:YAP laser

Received date: September 23rd, 2016
Accepted date: January 18th, 2017

Laser Therapy 26.1: 13-18

Addressee for Correspondence:
Ahmed EL GAMAL BDS, MSc
Micoralis Laboratory EA 7354
University Côte d’Azur Nice, France
email: aelgamal@unice.fr

©2017 JMLL, Tokyo, Japan



14

available at www.jstage.jst.go.jp/browse/islsmORIGINAL ARTICLES

El Gamal et al

Er:YAG (erbium-doped yttrium aluminum garnet) and CO2

(carbon dioxide) lasers on zirconia ceramics to improve
bonding to tooth structures 9-12). However, a number of
studies have yielded contradictory results 13, 14).
       Rocca et al. showed that presence of cracks on
ceramic surfaces is related to the thermal effect of vari-
ous laser intensities 15). However, there is limited litera-
ture on the effect of laser irradiation on the surface
hardness of CAD/CAM ceramics. 
       The current study tested the working hypothesis
that laser irradiation would influence mechanical prop-
erties, with a strong negative correlation between laser
irradiation and surface hardness. 

Aim of the study

The purpose of this in vitro study was to evaluate (1)
the microhardness values of ceramic specimens (Emax
CAD and Emax Zircad) irradiated with CO2 (10,600
nm) or Nd:YAP (1340 nm) laser and (2) the effect of
thermal treatment by ceramic furnace before and after
laser irradiation on the microhardness values of both
lithium disilicate (Emax CAD) and zirconia (Emax
ZirCAD) ceramic materials. 

Materials and Methods

A) Lasers used

1) CO2 laser
A 10,600 nm-wavelength CO2 laser (Dream Pulse
Lasers, Daeshin Enterprise Corp., Korea) was used with
two different settings (5W and 10W) delivering two dif-
ferent power densities (6.37e4 W/cm² and 1.25e5

W/cm²). Irradiation was conducted cross-pattern in

continuous mode for 60 seconds (working distance: 2
mm, spot size of the aiming beam: 0.1 mm). The laser
handpiece was held perpendicular to the irradiated
surfaces (Fig. 1). CO2 laser parameters were selected
based on results of previous studies for micromechani-
cal retention due to its affinity to ceramics 15, 16).

2) Nd:YAP laser
Industry has proposed Nd :YAP laser as a surface mod-
ification technique to form a glazed surface layer on
ceramics. A previous study 15) used an Nd:YAP laser
(Nd:YAP Lokki, Lobel Medical, France, wavelength
1340 nm) with a 320 µm fiber at 10 W, corresponding
to 31,831 W/cm² of power density (Fig. 2). The ceram-
ic surfaces were painted black with a soft pencil to
enhance absorption at this wavelength. The irradiation
parameters are summarized in Table 1.

B) Ceramic materials

1) Lithium disilicate (Emax CAD)
This material is composed of lithium silicate with
micron-size lithium disilicate crystals in between,
which are sub-micron lithium orthophosphate crystals
creating a densely-packaed glass matrix 17-21).

2) Zirconia (Emax ZirCAD)
This material is partially stabilized by the addition of
small amounts of other metal oxides 22). 
       The physical and chemical properties of tested
ceramics are detailed in Table 2.
       A total of 30 discs of lithium disilicate (IPS e.max
CADs, Lot: S24489, Ivoclar Vivadent, Liechtenstein) and
30 discs of zirconia (IPS e.max ZirCAD, Lot: R83002,
Ivoclar Vivadent, Liechtenstein) were sliced to 3 mm
thickness with a low-speed saw (ISOMET™, Buehler,
ITW Company, USA) using an Arbor size 0.5/12.7 mm
diamond blade (Buehler, ITW Company, USA) in wet
conditions. The ceramic samples were then roughed
by diamond dental bur (Grain size 100 µm), (Lot:
373384 Komet Dental, Germany). One bur passage was

Fig. 1: CO2 laser. Fig. 2: Nd:YAP laser.

Laser/
Parameter

CO2 Nd:YAP

Settings 5 W 10 W 10 W

Operating
mode

C.W C.W Pulsed

Surface area 0.0314 cm² 0.0314 cm² 0.0008 cm²

Density 6.37e4 W/cm² 1.25e5 W/cm² 31,831W/cm²

Table 1: Irradiation parameters



done on the ceramic surface, using a special holder to
maintain the distance between ceramic surface and
handpiece. Samples were immersed in demineralized
water and cleaned with an ultrasonic cleaner (Fischer
Scientific FB15047®) for three minutes. Note that all
surfaces were cleaned with ethanol 100%. These
ceramic samples were then randomly distributed into
three main groups according to surface treatment:

• Control group: Contains two control subgroups,
i.e. Control 1 (Co1): Pure ceramic, Control 2
(Co2): Ceramic treated thermally with a ceramic
furnace to the manufacturer’s instructions.

• LT group: ceramics laser-irradiated then treated
thermally in a ceramic furnace to manufacturer’s
instructions; TL group: ceramics treated thermal-
ly in a ceramic furnace then laser-irradiated,
including four subgroups, i.e. C5: surface irradiat-
ed with CO2 laser at 5W, C10: surface irradiated
with CO2 laser at 10 W, NdG: graphite surface
irradiated with Nd:YAP laser, Nd: non graphite
surface irradiated with Nd:YAP laser. Table 3.

Recaps the groups tested.

C) Microhardness indentation 
(Vickers hardness, VH)

The Vickers indentation test method is widely used to
evaluate the toughness of brittle materials 23-25).
Vickers indentation testing requires a polished and per-
fectly flat surface and an indenter loading system. 
       The principle of the method is to apply the
indenter under a known force (F) to the pyramidal
contact area (A) of the indentation. Hardness was cal-
culated with the formula H=1.854 F/d2, where (F) is
the applied test load and (d) is the diagonal length left
by the indenter 26).
       For lithium disilicate ceramics, 5 VH measure-
ments (GPa) per ceramic sample were done on the
surfaces using a hardness indentation device
(Buehler/Wilson VH3100, USA) at a force of 0.3 kg for
20 seconds. For zirconia ceramics, 5 VH measurements
per ceramic sample were done at a force of 1 kg for 20
seconds. The five simultaneous measurements were
made in two lines (three horizontally and two vertical-
ly) (Fig. 3). 
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Fig. 3: VH measure-
ments on
ceramic 
surfaces.

Table 3: Tested groups

Table 2: Physical and chemical properties
of the ceramics 

Lithium Disilicate Zirconia

Composition 
(wt %)

SiO2 57.0–80.0 ZrO2 87.0–95.0

Li2O 11.0–19.0 Y2O3 4.0–6.0

ZrO2 0.0–8.0 HfO2 1.0–5.0

MgO 0.0–5.0 Al2O3 0–1

K2O 0.0–13.0

P2O5 0.0–11.0

ZnO 0.0–8.0

Al2O3 0.0–5.0

Coloring oxides

0.0–8.0

Physical 
properties

Flexural strength 
(biaxial) 
360 ± 60 MPa

Flexural strength 
(biaxial) 
900 x 50 MPa

Chemical solubility 
40 ± 10 µg/cm²

Chemical solubility 
< 10 µg/cm²

Coefficient of thermal
expansion 
(100–400°C) 
10.15 ± 0.4×10-6 K 1

Coefficient of thermal
expansion 
(100–400°C) 
10.75 ± 0.25×10-6 K1

Groups/Ceramics Emax CAD Emax ZirCAD

Control group 
Co1 3 3

Co2 3 3

LT Group 
(Laser + thermal 
treatment)

C5 3 3

C10 3 3

NdG 3 3

Nd 3 3

TL Group 
(Thermal treatment 
+ laser)

C5 3 3

C10 3 3

NdG 3 3

Nd 3 3
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D) Statistical analyses 

Microhardness indentation (GPa) results were com-
pared with a Mann-Whitney U-test where Vickers hard-
ness was dependent variable and surface treatment
was influencing factor. Statistical significance was set at
p < 0.01.

Results

A) Lithium disilicate (Emax CAD)

In the control group, average hardness values (in GPa)
were Co1: 6.44 ± 0.06 and Co2: 6.34 ± 0.24. In the LT
group, average hardness values were C5: 6.32 ± 0.09,
C10: 6.34 ± 0.17, NdG: 6.33 ± 0.04 and Nd: 6.35 ± 0.05.
In the TL group, average hardness values were C5:
6.64 ± 0.12, C10: 6.44 ± 0.01, NdG: 5.52 ± 0.18 and Nd:
6.43 ± 0.07. 
       The VH test results on lithium disilicate ceramics
(Emax CAD) are summarized in Fig. 4.  

B) Zirconia (Emax ZirCAD)

In the control group, average hardness values were
Co1: 15.32 ± 0.89 and Co2: 23.03 ± 0.56. In the LT
group, average hardness values were C5: 22.9 ± 1.74,
C10: 20.83 ± 0.76, NdG: 21.70 ± 1.02 and Nd: 22.18 ±
1.70. In the TL group, average hardness values were
C5: 21.78 ± 0.66, C10: 18.59 ± 0.22, NdG: 17.45 ± 0.29,
and Nd: 22.14 ± 0.58. 
       The VH test results on zirconia ceramics (Emax
ZirCAD) are summarized in Fig. 5. Statistical analysis
(Wilcoxon–Mann-Whitney) is reported in Table 4.

Discussion

Dental ceramics are required to combine long-term
durability with excellent physical properties in the oral
cavity, but they also exhibit inherent flaws or surface
defects, and all the systems proposed for ceramic sur-
face conditioning have demonstrated several limits 27-28).
One of these defects is surface hardness, which is a
relative measure of resistance to an external indenta-
tion force. Indentation hardness is considered a predic-
tor of the wear resistance of a material 29).
       The current study sets out to investigate the effect
of laser irradiation on the microhardness values of
CAD/CAM ceramics and evaluate the influence of tem-
perature on surface hardness. 
       The thickness of ceramics used in this study was
designed to be as close as possible to clinical practice.
An increase in Vickers hardness thus indicates an
increase in resistance to abrasion of ceramic surfaces 30). 
       CO2 laser is well suited to ceramic surface treat-
ment as its emission wavelength is almost totally
absorbed by ceramics 15, 16). Laser irradiation with CO2

and Nd:YAP lasers can form rough ceramic surfaces.
Moreover, after treatment with the CO2 10W & Nd:YAP
lasers, ceramic surfaces showed micro-cracks caused
by the severe physical stress created in the re-harden-
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Fig. 4: Hardness of lithium disilicate (Emax CAD).

Table 4: Statistical analyses

Fig. 5: Hardness of zirconia (Emax ZirCAD). 

Ceramic/
Group

Control
CO2 5 W

(C5)
CO2 10 W

(C10)

Nd:YAP
Graphite
(NdG)

Emax
CAD

p-value: 
< 0.0003 S

p-value: 
< 0.0003 S

Emax
ZirCAD

p-value: 
< 0.0003 S

p-value: 
< 0.0003 S

p-value: 
< 0.0003 S
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ing ceramic surface by the sharp increase in tempera-
tures 11) .
       Statistical analysis showed significant differences
in microhardness among the CAD/CAM ceramics test-
ed. 
       On the basis of the results reported here, the
microhardness values of Emax CAD and Emax ZirCAD
ceramics were affected by laser irradiation and temper-
ature. In Emax CAD ceramics, temperature had no
effect on the microhardness values of the ceramics test-
ed, and the relationship between increased tempera-
ture regime and laser irradiation was not clearly
observed in our experimental conditions. This was fur-
ther confirmed when comparing control groups, i.e.
pure and heated samples (p = 0.3681).
       Comparison between LT and TL groups showed
that microhardness values increased when these
ceramics were lasered by CO2 at 5W (p < 0.0003) but
remained unchanged when lasered by CO2 at 10W and
Nd:YAP without graphite, and decreased significantly
in Emax CAD when lasered by Nd:YAP with graphite
(p < 0.0003).
       In Emax ZirCAD, comparison of microhardness
values between heated control specimens (Co2 group)
and the manufacturer’s specimen (Co1) showed that
temperature had a significant effect on microhardness
values, which increased in the heated ceramics (p <
0.0003). Comparison of the heated group (Co2) against
LT and TL group ceramics showed no effect of CO2 at
5 W or Nd:YAP lasering on microhardness values
whereas CO2 at 10W (p < 0.0001) and Nd:YAP with
graphite (p < 0.0003) both significantly decreased

microhardness values.
       An explanation for the increased hardness value
in lithium disilicate irradiated with CO2 at 5W is that a
high surface roughness may mean that hardness mea-
surements on rough surfaces might not correlate with
the actual hardness of the ceramic material but instead
characterize the shape of the surface 30). Moreover, the
presence of micro-cracks on the irradiated ceramic sur-
faces largely contributed to decreasing hardness values. 

Conclusion

Within the limits of the present study, the most signifi-
cant finding of this experimental study is that CO2 laser
irradiation at 5W increased the microhardness of lithi-
um disilicate ceramics (Emax CAD) whereas CO2 at
10W or Nd:YAP laser irradiation decreased the micro-
hardness of zirconia ceramic (Emax ZirCAD). 
       Further studies should be performed to study
other physical properties, i.e. surface roughness and
surface wettability. Moreover, mechanical properties
have to be studied in terms of resistance to fracture,
behaviour with bonding agents or cementation, adhe-
sive bond strength and the potential for micro-leakage.
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