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Abstract
Introduction: This study was to assess the effect of various output parameters of laser treatment 
on roughening the surface of a commercial nickel-chromium (Ni-Cr) alloy as compared to the 
sandblasting technique.
Materials and Methods: Ninety-six disk-shaped (5 mm diameter and 2 mm thickness) specimens in 
total were made of a nickel-chromium alloy by using the lost-wax technique. Air-abrasion surface 
treatment was used for sixteen specimens. Specimens were divided into six groups; one of them was 
sandblasted and the rest were irradiated by different Nd:YAG laser output parameters as follows: 
Group A: energy: 122 mJ, frequency: 20 Hz, irradiation duration: 20 seconds, spot size: 1.5 mm; 
Group B: energy: 122 mJ, frequency: 20 Hz, irradiation duration: 20 seconds, spot size: 3.5 mm; 
Group C: energy: 122 mJ, frequency: 10 Hz, irradiation duration: 20 seconds, spot size: 3.5 mm; 
Group D: energy: 102 mJ, frequency: 10 Hz, irradiation duration: 20 seconds, spot size: 3 mm; 
Group E: energy: 102 mJ, frequency: 20 Hz, irradiation duration: 20 seconds, spot size: 3 mm. The 
surface roughness of all surface-treated specimens was evaluated by using a profilometer, and their 
average roughness (Ra) was calculated. The average value of each group was analyzed by t test and 
one-way ANOVA (SPSS 17).
Results: Significant differences (P < 0.05) were observed between the study groups. The highest Ra 
was achieved for the sandblasted group. The Ra value in group C was the highest value among the 
laser-etched groups.
Conclusion: Based on the results, Nd:YAG laser irradiation increases surface roughness, but it is not 
as efficient as the sandblasting method as a gold standard.
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Introduction
Porcelain-fused-to-metal fixed dental prostheses with 
combined metallic strength and the esthetic features of 
porcelain have been used in dentistry for years. They 
are still considered as an excellent choice for treating the 
patients1 thanks to their low cost and simple cementation 
technique compared with metal-free restorations, as well 
as reproducing the lost dentition naturally in most of the 
restorative treatments.2 Selection of the proper dental 
alloys and their treatment to obtain a desirable metal-
ceramic bond is considered one of the major factors 
of the success of these restorations.3 As noble metal 
casting alloys are biocompatible, they are suggested for 
the fabrication of metal substructure of metal-ceramic 
restorations. Also, these alloys act mechanically well and 
establish an excellent bond with dental ceramics. However, 
considering the costs of precious alloys and recent 
advances in ceramic technology, base metal casting alloys, 

for example cobalt-chromium and nickel-chromium (Ni-
Cr), are substituted.4 Nowadays, base metal alloys are 
mainly used to fabricate fixed metal-ceramic restorations.1 
Their mechanical properties make it possible to fabricate 
the restorations with lower thickness and satisfactory 
hardness. Difficulties in handling, potential biological 
risks, as well as forming uncontrolled chromium oxide 
in specific alloys are considered as major disadvantages.5 
The thermal expansion coefficients of dental porcelain 
and Ni-Cr dental alloy are similar. The casting technique 
is utilized to make the metal substrate ready for economic 
considerations. In spite of the difficulties for the casting 
of Ni-Cr dental alloy, it is preferred due to its potential 
for oxidation during casting and high melting range.6 The 
success of the metal-ceramic restorations mainly relies 
on the formation of a stable adhesive layer between these 
two materials. The mechanism of metal-ceramic bond is 
not yet completely clear but the results of previous studies 
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show that it can be the outcome of the metal alloy proper 
oxidation added to the interdiffusion of ions between 
the metal and ceramic substrate.5 The metal-ceramic 
restorations consist of a metal substructure which is 
mechanically and chemically bonded to a ceramic 
veneer. The chemical bond is achieved through baking 
at elevated temperatures. Having a metal substructure 
may lead to failures which can occur at the metal-
porcelain interface. Chemical bonding, micromechanical 
retention and Van der Waals forces have been observed 
for porcelain bonded to metal as the major effect of a 
union. Chemical bonding is characterized by the direct 
transfer of electrons between the oxygen in the vitreous 
part of the ceramic and the oxidation of the metal. To 
increase the metal-ceramic bond strength by means of 
increasing the metal wettability by porcelain and limiting 
the oxide layer formation as thin as possible, some surface 
treatments have been evaluated. The main treatments 
are using bonding agents, degasification, preoxiding 
the metal before using porcelain, air-abrasion, heat 
treatment, laser irradiation1,7-9 and mechanical retention 
with carbide burs and diamond mounted tips.2 It has not 
been yet completely clear what the mechanism of the 
metal-ceramic bond is. The adhesive mechanism between 
the metal and ceramic has not been completely defined 
yet. However, some studies have indicated the suitable 
oxidation of the metal alloy. Furthermore, the strongest 
metal-ceramic bond has been achieved by means of air-
abrasion in nickel-chromium alloys.5 The integration 
of laser and sandblasting surface treatments indicated 
rougher surfaces than the case when sandblasting is 
done separately, especially for metal specimens.1 In 
fact, this combination makes the surfaces of zirconia 
ceramics rougher as compared to sandblasted technique 
or Nd:YAG laser irradiation.9 In addition, femtosecond 
laser treatment was more effective in zirconia surface 
roughening.8 Given all of the aforementioned methods for 
enhancing bond strength between metal and porcelain, 
laser etching is considered as a surface treatment which 
can control micro-topography due to its deep penetration 
relying on the material irradiated, leading to more surface 
roughness and stable surface morphology.10

Therefore, as Nd:YAG laser treatment developed an 
effective bond of porcelain to titanium,11 the present study 
was planned to evaluate the impact of various parameters 
of Nd:YAG laser etching on nickel-chromium alloy 
surface roughness as compared with air-abrasion.

Materials and Methods 
96 disk-shaped molds (2-mm thickness and 5-mm 
diameter) in total were made of Duralay resin.

First, the patterns of Duralay resin were produced 
using phosphate bonded investment in casting rings. 
Then, the specimens were cast in a vacuum by utilizing 
a casting machine under a vacuum pressure of 580 mm 
Hg at 1340°C. The Ni-Cr casting alloy (Thermabond 
Alloy Supercast, MFG, Los Angeles, CA, USA) (Supercast 
casting alloy: 75% nickel, 15% chromium and 5% 
molybdenum) was cast through using a casting machine 
and a gas-oxygen torch. In addition, the casting ring was 
plunged under running cold water to disintegrate the 
investment when the red glow at the bottom disappeared. 
The investment residual was eliminated through a 
toothbrush, and any remaining traces were ultrasonically 
eliminated. Castings were pickled in 50% HCl in order 
to eliminate the metallic oxides. Then, the metal excess 
was eliminated by carbide discs and bars. In addition, the 
specimen sizes were standardized with a digital caliper 
with the accuracy of ±0.1 millimeter (Digital Caliper, 
Guanglu, Strikhlu, Germany), and the required revisions 
were made by a diamond bur.

The surfaces of 16 disc-shaped specimens were air-
abraded using 50 μm alumina particles under a pressure 
of 3-4 bar and 10 mm distance for 10 seconds.5,12 The 
rest of the surface-treated specimens were divided into 
five groups with Nd:YAG laser (Pulse width: 0.2-1 ms, 
energy density: (4.30-7) × 10 (6), wavelength: 1064 nm) 
irradiation by a glass fiber with a linear movement and 
in a direction perpendicular to the surface (Neolaser L, 
Girrbach Dental Systems, Pforzheim, Germany). Table 1 
shows the factors of the laser applied.

The surface roughness of each disk-shaped specimen 
(sandblasted or laser etched) was measured in 3 points by 
a profilometer (Mahr M 300 C, Germany) and the average 
roughness (Ra) values were calculated. This measurement 
was made for all the 96 specimens, and the Ra values were 
collected. The surface roughness values were analyzed 
using the t test and one-way ANOVA.

Results 
Kolmogorov-Smirnov test results indicated the normal 
distribution of the data. Surface roughness measurements 
were performed on 3 random locations on the specimens 
to calculate the average values. Table 2 shows the mean Ra 
and standard deviations.

Table 1. The output parameters of laser-treated groups

Group A Group B Group C Group D Group E

Energy (mJ) 122 122 122 102 102

Spot size 1.5 3.5 3.5 3 3

Frequency (Hz) 20 20 10 10 20

Irradiation duration (s) 20 20 20 20 20
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The Ra data were analyzed by the pairwise t test. Based 
on the results, a significant difference was observed in 
the surface roughness of the specimens in terms of the 
surface treatment type (P < 0.01). The surface roughness 
of the sandblasted group was higher than that of the laser-
etched groups. The results of one-way ANOVA indicated 
a significant difference between the Ra values of the laser-
etched groups (P < 0.05) (Figure 1). Among the laser-
etched groups, group C had the highest surface roughness, 
which was laser-irradiated with 122 mJ energy, 10 Hz 
frequency, 3.5 mm spot size, and 20-second irradiation 
duration. Group A had the lowest surface roughness, 
which was laser-irradiated with 122 mJ energy, 20 Hz 
frequency, 1.5 mm spot size, and 20-second irradiation 
duration. The results of the LSD test used to analyze the 
pairwise comparison of the laser-etched groups showed 
that the surface roughness of laser-treated specimens of 

groups B and E as well as groups D and E were similar 
(Figure 2). However, the surface roughness of the other 
groups of the specimens was different.

Based on the results, the surface roughness of the 
sandblasted group was higher than that of the laser-
etched groups.

Discussion 
Developing a lasting bond of the ceramic to metal alloy 
is considered the main factor for a successful restorative 
treatment. The growing body of research on the nature 
of the metal-ceramic bond has resulted in identifying 
chemical union, micro-mechanical retention and Van der 
Waals forces as the main determinants.2 

In order to produce sufficient roughness of the surface 
with a high purity degree compared to other surface 
treatment methods, laser processing of the implant 
surface is considered as a new method of surface 
treating.4,13 Cho and Jung14 reported that laser etching is 
an effective method of creating a sufficiently roughened 
titanium surface. Wagner15 indicated that electron-beam 
thermal treatment and laser irradiation can be utilized to 
modify the microstructure of titanium surfaces with no 
contamination, which can optimize the surface roughness.

The energy level of laser irradiation determines the 
amount of metal superficial changes. Converting light 
energy into heat is considered as the main process which 
takes place in treating by laser, and the most important 
interaction is absorbing the heat by the substrate laser 
treated.16,17

Kara et al12 evaluated the impact of Nd:YAG laser 
irradiation compared with acid etching with 5% HF and 
air-abrasion with alumina particles on roughness and 
bond strength as three surface treatments in low-fusing 
ceramics in order to obtain the best bond of resin cement 
to ceramic restorations, and they reported that air-
abrasion is the most effective method of surface treatment 
for enhancing the bond strength.

Kim et al11 compared the shear bond strength of the 
ceramic to titanium created by Nd:YAG laser treatment 

Table 2. Mean and standard deviation of surface roughness (Ra)

Group Mean Standard deviation N

Laser (A) 1.196 0.067 16

Laser (B) 1.732 0.274 16

Laser (C) 1.906 0.229 16

Laser (D) 1.554 0.119 16

Laser (E) 1.594 0.226 16

Sandblast 1.979 0.183 16

Figure1.The shape of specimens

Figure 2. Average surface roughness
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with airborne particle abrasion, acid etching with 10% 
HCl and machining. They concluded that laser-etching 
of titanium surfaces by using an Nd:YAG laser is more 
effective than other methods in increasing the bond 
strength of porcelain to titanium.

Kirmali et al assessed the surface roughness created by 
six different surface treatment methods on 120 IPS e-max 
ZirCAD pre-sintered zirconia blocks. The changes in the 
morphological characteristics of ZrO2 were analyzed 
by scanning electron microscopy (SEM). Sandblasting, 
sandblasting + Nd:YAG laser treatment, Er:YAG laser 
treatment and sandblasting + Er:YAG laser irradiation 
made the surfaces rougher than other surface treatments. 
Based on the results, using the Nd:YAG laser in the 
zirconia surface separately is not effective in changing the 
morphology.9

Kara et al. assessed the impact of different laser systems 
(femtosecond (FS), Nd:YAG (NY), and Er:YAG (EY) 
lasers) on shear bond strength of zirconia ceramic discs 
and their surface roughness. No difference was observed 
between the two zircon ceramics and an effective surface 
treatment was produced by the femtosecond laser.8 

Sayin Ozel et al used various surface treatments 
(sandblasting, sandblasting + Nd:YAG laser, and 
sandblasting + Er:YAG laser) on disk-shaped specimens 
in resin cement bonded to yttria-stabilized tetragonal 
zirconia (Y-TZP) ceramic and bonded to Ni–Cr base metal 
alloy. They evaluated the shear bond strength and surface 
roughness (Ra) related to them. Based on the results, 
the sandblasting surface and combined laser treatments 
resulted in creating rougher surfaces compared to the 
case when sandblasting was done separately. Finally, 
higher shear bond strength of resin cement was observed 
when sandblasting was performed alone compared to the 
combined laser and sandblasting treatment in both metal 
and zirconia.1 

Regarding the results of the previous study,2 no 
appropriate test is available to evaluate the metal-ceramic 
bond strength. However, the shear test is considered the 
most appropriate test for measuring the metal-ceramic 
bond strength.11 

A common nickel-chromium alloy was implemented 
in our study that showed excellent marginal integrity 
without any adverse reaction. This alloy has desirable 
mechanical characteristics such as hardness, tensile 
strength, and elasticity.18 Airborne-particle abrasion in the 
control group and Nd:YAG laser (Wavelength: 1064 nm, 
pulse width: 0.2-1 ms, energy density: (4.30-7)× 10 (6)19,20 

treatment with different characteristics were utilized to 
treat the surfaces.

The Ra parameter indicates the total roughness of a 
surface defined as the arithmetical mean of all absolute 
distances related to the roughness profile from the centre 
line based on the measured length. Surface roughness 
is considered as the finer irregularities of the surface 

texture, which results from the production process or 
material condition.

The highest Ra value was reported in sandblasted 
specimens (1.979 ± 0.183 μm) and was significantly 
higher than laser-treated groups. Among the laser-treated 
groups, the highest and lowest Ra values were recorded 
in group C (1.906±0.229 μm) and group D (1.554±0.119 
μm), respectively. Ra increased in the present study 
when the energy, spot size, and frequency of laser 
irradiation increased. Further, the SEM analysis showed 
that sandblasting increased surface roughness of Ni-
Cr alloy more than laser etching. Laser-treated surfaces 
were smoother compared to the specimens sandblasted. 
According to the results, sandblasting cannot be replaced 
by laser treatment yet, but more investigations may lead to 
making the laser treatment a standard method of surface 
treatment.

It seems that there is a correlation between the 
surface roughness of the metal and its porcelain bond 
strength in porcelain fused to metal (PFM) restorations. 
So, increasing the surface roughness can prolong the 
restoration durability. A proper technique and sufficient 
information about pre-treatment techniques are required 
to reach successful long-term bonding. The highest bond 
strength was obtained by selecting a suitable bonding 
system and a standardizing technique related to the 
surface treatment.

Further research should be conducted on the shear bond 
strength and surface roughness of Nd:YAG laser-treated 
surfaces with different properties in order to increase 
values as well as sandblasted specimens. Furthermore, 
future studies can focus on the relationship between 
surface roughness and shear bond strength.

Conclusion 
Regardless of the limitations in the current study, the 
sandblasted specimens showed the highest surface 
roughness values. The surface roughness of the laser-
treated groups was significantly different depending on 
the properties of the applied laser. Therefore, airborne 
particle abrasion made the alloy surface rougher than 
laser treatment.
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