
SUMMARY
Background/Aim:  In recent years, the role of computer aided 

design (CAD) and computer aided manufacturing (CAM) in dentistry has 
increasingly become important. However, the influence of different Yb: fiber 
laser applications on surface roughness of CAD/CAM implant has rarely 
been studied.  The aim of this study is to investigate the effect of different 
Yb: fiber laser parameters on the surface roughness of CAD/CAM titanium. 
Material and Methods: Titanium samples, produced by CAD/CAM, were 
divided into 11 groups according to laser parameters such as scanning 
types (ST), application angles (AA) and hatch interval (HI). The surface 
roughness of CAD/CAM titanium was examined for each group.  Wettability 
contact angles (CA) were also determined. Results: The highest surface 
roughness (43 μm) value was obtained for Group 10 (three-ways ST, 60o AA, 
0.07μm HI). The lowest value (2.77 μm) after control group was obtained 
for Group 6. Surface roughness values, for Group 3, Group 9 and Group 10 
were significantly higher than for the other groups (P= 0.000). In contact 
angle evaluations, the highest contact angle (144o) was observed in Group 
10, while the lowest (95o) was observed in control group. Conclusions: 
Surface roughness was dependent on mixed effect of the laser application 
parameters. Three-ways ST, 60o AA, 0.07μm HI provided highest surface 
roughness and wettability contact angles. The surface roughness values of 
one-way ST, 0.06 μm HI, two-ways HT, 45o AA and 0.08 μm HI and three-
ways ST, 60o AA and 0.07 μm HI were significantly higher than for the other 
groups (P=0.000).
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Introduction

The bond strength between titanium and resin or 
titanium and ceramic is very important for the prosthetic 
treatment. Such bond strength is provided by the surface 
roughness (SR) of titanium and ceramic and also by the 
resins used. Therefore, various studies have been carried 
out on surface treatments using different implants, 
ceramics and resins1-3. Different surface treatment 
methods such as acid etching, sandblasting and laser 
etching were used to create the appropriate surface 

roughness3-6. However, studies on dental titanium and 
surface treatment methods are still important for clinical 
trials. 

In recent years, the role of CAD/CAM in prosthetic 
implant dentistry, computer-aided abutments, CAD/CAM 
systems for crown and bridge restorations has increasingly 
become important7-14. High energy laser sources such as 
high-energy nanosecond fiber amplifier and high-average 
power picosecond Yb-doped fiber amplifier, and also 
microsecond-pulsed Yb: fiber laser system and ultrashort-
pulsed laser, high energy laser with fiber based high 
repetition rate were introduced15-18. The effect of several 
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Material and Methods

Producing Titanium Discs and Groups
Titanium discs, with 6 mm diameter and 3 mm 

height, were used in this study and were prepared with 
CAD/CAM technology by using Kera Ti 5-Disc Cad-Cam 
Titanium (Grade 5 Ti6Al4V based alloy). After the design 
of the samples in the software program, the production of 
titanium discs was started with the milling machine. The 
Kera Ti 5-Disc titanium blocks placed in the CAD/ CAM 
unit were milled according to the design. After milling, a 
total of 231 cylindrical samples were separated from the 
attachment regions. These samples were divided into 11 
groups (n=7) according to the laser application.

 Selecting Laser Parameters and Groups
Using standard laser LF20 apparatus, at a set-up of 20 

W and the focal length of 180 mm; Yb: fiber laser with 20 W 
of power was applied to titanium disc surfaces by changing 
its application parameters such as Scanning type (ST), 
Application angle (AA) and Hatch interval (HI). Distribution 
of application parameters to groups is shown in Table 1. 

Table 1. Laser applied groups (N: 231) in terms of Scanning 
Types (ST), Application Angles (AA) and Hatch Interval (HI)

Group Scanning type 
(ST)

Application 
angle  (AA)

Hatch interval 
(HI) n

1 One-way 90 0.04 21
2 One-way 90 0.05 21
3 One-way 90 0.06 21
4 One-way  90 0.07 21
5 One-way  90 0.08 21
6 Two-ways 90 0.07 21
7 Two-ways 90 0.08 21
8 Two-ways 45 0.07 21
9 Two-ways 45 0.08 21
10 Three-ways 60 0.07 21

11 (control)              -  -                      - 21

Laser was applied to the 21 titanium surfaces 
selected for each group using the same application 
parameters for each surface. Of the 21 samples; 7 were 
used for SEM, 7 for profilometer, and 7 for the wettability 
measurements.

Scanning
The height of the titanium disc was calculated so 

that the distance between the scan head of the laser device 
and the surface of the sample titanium discs is 180 mm; it 
was manually arranged in the relevant section of the laser 
device. Three scanning types, such as one-way, two-ways 
and three-ways scanning, were applied to the samples to 
be screened (Figures 1a-c). 

application parameters was investigated19,20. The effects 
of ultrafast fiber laser application on the bond strength of 
resin cement to titanium have been studied21-24. However, 
the influence of different Yb: fiber laser applications on 
surface roughness of CAD/CAM implant has rarely been 
studied.  

In a previous study, the effect of several parameters 
such as pulse duration, repetition rate, fluency of energy 
dose, and scanning velocity was determined in terms of 
ablation efficiency of high average power ultrafast laser 
for stainless steel, aluminum, copper and molybdenum 
and processing quality19. The effect of these parameters 
was found to be strongly material dependent. In another 
study, surface roughness for two CAD/CAM glass fiber 
posts was found to be dependent on milling angulations20. 
Ytterbium-doped fiber laser irradiation was also found 
to be effective for roughening the zirconia surface21. 
The highest surface roughness value was obtained at 
laser power of 20 W and frequency rate of 100 kHz. 
Best wettability characteristic was observed at 5 W and 
60 KHz. The result of this study revealed a necessity 
to adjust power and frequency to achieve optimum 
results. Furthermore, the effect of laser beam parameters 
such as current, spot diameter and pulse duration were 
investigated for the mechanical and physical properties 
of cast commercially pure titanium22. The laser treatment 
was found to decrease the subsurface hardness and 
increase the hardness between 75 μm and 400 μm in depth 
when compared to the hardness of control specimens. 
On the other hand, effects of laser pulse amounts on 
surface roughness, and wettability of thin titanium 
sheet were studied for implant fabrication23. A scanning 
speed of 100 µm/ms was found desirable for the surface 
of treated titanium sheets. In a study on the effect of 
ultrafast fiber laser application on the bond strength 
between resin cement and titanium, the highest bond 
strength values were observed in the laser application 
group24. In another study on effect of surface texture 
on the adhesion performance of laser treated Ti6Al4V 
Alloy, laser texturing provided up to eightfold and 30% 
higher shear strength compared to plain25.  A study on 
the influence of laser parameters and scanning strategies 
on the mechanical properties of a stochastic porous 
material underlines the necessity for optimizing structure 
parameters to maximize mechanical performance26. These 
studies provide a basis for the present study.

The aim of this study was to investigate the effect 
of different Yb: fiber laser parameters on the surface 
roughness of titanium produced by CAD/CAM. For this 
purpose, the effect of laser application parameters as 
scanning types (ST), application angles (AA) and hatch 
interval (HI) on surface roughness of CAD/CAM titanium 
was examined. Wettability contact angles were also 
determined. 
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control group without roughening process were studied by 
SEM (Scanning Electron Microscope). The images were 
obtained at Afyon Kocatepe University Research Center.

Statistical Analysis
Results of surface roughness and contact angles 

were presented as the mean ± standard deviation (SD). An 
analysis of variance (One-way Anova) and Tukey’s HSD 
post hoc tests with 95% confidence were used for multiple 
comparisons of 11 groups and test results were considered 
statistically significant for p<0.05.

Results

Figures 2 a-c show representative images obtained 
for the types of scans evaluated by the profilometer for 
surface roughness.

Figure 1.  a) One-way scanning b) Two-ways scanning c) Three-ways 
scanning

The surface area of   the titanium discs to be 
roughened was calculated and transferred to the computer 
program, as well as all other parameters. 

No scanning was performed in the control group; 
one-way scanning was made in Group 3, and three-ways 
scanning was performed in Group 10.

Surface roughness measurements for titanium disc 
samples

Surface roughness measurement was performed with 
a profilometer device (Dektak 8 Advanced Development 
Profiler, Veeco, Plainview, NY, USA). Surface roughness 
value was determined by scanning the 1000 μm X 4000 
μm area with the diamond pointed needle covering the 
sample surface completely. The mean Sa value was 
determined from the measurements of the samples. 

Measurements of wettability contact angles of tita-
nium disc samples

The contact angle values   of surface treated 
titanium discs were measured with Attension Theta 
(Biolinscientific, Sweden) branded goniometer (Optical 
Contact Angle/Surface Tension Measuring Device: 
TAYG) founded at R&D Training and Measurement 
Center in Middle East Technical University. The contact 
angle was determined by direct observing the angle 
between the titanium surface and a drop of liquid left on 
the flat surface of the surface-treated titanium samples and 
control group. For this purpose, a comparative microscope 
compatible with the goniometer was used. The droplet 
was visualized and the θ was calculated directly and 
the following standard classification was used for the 
relationship between wettability and the θ:

 - The contact angle is 0 ° if the fluid is fully spread on 
the surface.

 - If the contact angle is less than 90 °, the surface is 
considered to be a hydrophilic.

 - If the contact angle is greater than 90 °, then the sur-
face is considered to be a hydrophobic27. 

SEM Analysis
The surface images of titanium discs roughened with 

fiber laser using different application parameters and the 

Figure 2. a) Profile of Group 3   b) Profile of Group 10  c) Profile of 
Group 11

Observing the surface roughness values   of the 
groups, the mean values   of all groups were higher than for 
the control group. Group 2 was not different from Group 
6 (P=0.797) and Group 4 was not different from Group 7 
(P=1.00). Other groups were highly significantly different 
from each other (P=0.000).

The control group showed the lowest surface 
roughness (0.404 μm). The highest surface roughness was 
obtained for Group 10 (three-ways ST, 60o AA and 0.07 
μm HI). The lowest surface roughness after control group 
was obtained for Group 6 (two-ways ST, 90o AA and 0.07 
μm HI). The surface roughness’s of Group 3 (one-way 
ST, 0.06 μm HI) and Group 9 (two-ways HT, 45o AA and 
0.08 μm HI) were nearly 28 μm and 27 μm, respectively. 
Group 3, Group 9 and Group 10 were highly significantly 
different from other groups (P=0.000).
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Figure 3. a) CA for Group 3   b) CA for Group 10   c) CA for Group 11 
SEM Findings

The mean surface roughness and contact angles 
values   of the groups are shown in Table 2 with standard 
deviations (SD). Although the hatch interval increased 
gradually from Group 1 to Group 6, surface roughness 
did not show a steady increase or decrease for one-
way scanning. This implied that HI was not an efficient 
factor alone for surface roughness. This classification 
showed that the mixed effect of the three parameters 
affects surface roughness rather than a parameter alone. 
All wettability angles are greater than 90o. Therefore, all 
surfaces examined were hydrophobic.

Table 2. The mean surface roughness and contact angles of the 
groups

X±SD

Group Surface 
Roughness

Std.
Deviations Contact Angles Std. 

Deviations
1 5.304 0.152 117.286 0.951
2

 

3.056 0.257 112.286 1.496
3

 

27.800 0.362 104.286 0.951
4

 

15.801 0.264 125.000 1.291
5

 

4.087 0.077 113.571 0.787
6

 

2.767 0.159 110.000 0.817
7

 

15.906 0.446 125.143 1.069
8

 

6.137 0.182 115.286 0.951
9 26.603 0.601 130.000 1.291
10 43.006 0.329 144.000 1.291
11

 

0.404 0.102 95.000 1.291

Although the angles were close to each other, the 
highest contact angle (144o) was observed in Group 10 
(three-ways ST, 60o AA, 0.07 μm HI), while the lowest 
contact angle (95o) was observed in Group 11 (control 
group). The wettability decreases as the contact angle 
increases. When both wettability and roughness were 
evaluated together, Group 3 was considered to be the most 
appropriate group.  Being the most appropriate group is 
consistent with the statistical evaluation that revealed the 
differentiation of Group 3 from the other groups (p<0.05). 

Representative images showing the wettability 
contact angles of Group 3, Group 10 and the control group 
are shown in Figures 3 a-c respectively.  

When SEM images were examined, pit and 
irregularity were not observed in the control group. 
However, both Group 3 and Group 10 offered a very 
different pattern from the control group.  In the case of 
the Group 3, a large number of pits was observed, and 
a regular and intense roughness pattern was followed. 
Although a similar image was seen in Group 10, fewer 
pits and a relatively more irregular roughness pattern were 
observed compared to Group 3. SEM images are given in 
Figures 4 a-c.

Figure 4. a) SEM image of Group 11    b) SEM image of Group 3    c) 
SEM image of Group 10.

Discussion

Literature given in the introduction reveals that 
several parameters such as fiber laser pulse duration, 
fiber laser pulse number, repetition rate, fluency of 
energy dose, and scanning velocity, milling angulations, 
and laser texturing influence surface roughness and 
wettability of materials. Selecting the optimum value for 
each parameter is essential to obtain the deepest surface 
roughness and the appropriate wettability contact angle. 
In present study scanning type, application angle and 
hatch interval were selected as variables, and other 
parameters were kept constant. High surface roughness 
(43 μm) and wide wettability contact angle (144°) were 
obtained using three-way ST, 60o AA and 0.07 μm HI.  
Present wettability contact angle showed that metallic 
surfaces are hydrophobic. This result is consistent with 
a previous result noted as about 151.5° 28. Our highest 
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