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ORIGINAL ARTICLE

Purpose: Laser treatment has become a popular method in implant dentistry, and lasers have been used for the 
decontamination of implant surfaces when treating peri-implantitis. This study was performed to evaluate the 
effects of an Erbium-doped:Yttrium-Aluminum-Garnet (Er:YAG) laser with different settings on machined (MA), 
sand-blasted and acid-etched (SA), and resorbable blast media (RBM) titanium surfaces using scanning electron 
microscopy and confocal microscopy. 
Materials and Methods: Four MA, four SA, and four RBM discs were either irradiated at 40 mJ/20 Hz, 90 mJ/20 Hz, 
or 40 mJ/25 Hz for 2 minutes. The specimens were evaluated with scanning electron microscopy and confocal microscopy. 
Result: The untreated MA surface demonstrated uniform roughness with circumferential machining marks, and 
depressions were observed after laser treatment. The untreated SA surface demonstrated a rough surface with sharp 
spikes and deep pits, and the laser produced noticeable changes on the SA titanium surfaces with melting and fusion. 
The untreated RBM surface demonstrated a rough surface with irregular indentation, and treatment with the laser 
produced changes on the RBM titanium surfaces. The Er:YAG laser produced significant changes on the roughness 
parameters, including arithmetic mean height of the surface (Sa) and maximum height of the surface (Sz), of the MA 
and SA surfaces. However, the Er:YAG laser did not produce notable changes on the roughness parameters, such as 
Sa and Sz, of the RBM surfaces. 
Conclusion: This study evaluated the effects of an Er:YAG laser on MA, SA, and RBM titanium discs using confocal 
microscopy and scanning electron microscopy. Treatment with the laser produced significant changes in the 
roughness of MA and SA surfaces, but the roughness parameters of the RBM discs were not significantly changed. 
Further research is needed to evaluate the efficiency of the Er:YAG laser in removing the contaminants, adhering 
bacteria, and the effects of treatment on cellular attachment, proliferation, and differentiation.

Key Words: Decontamination; Lasers, Er-YAG; Peri-implantitis; Surface properties

Corresponding Author: Youngkyung Ko
Department of Periodontics, Seoul St. Mary’s Hospital, College of Medicine, The Catholic University of Korea, 222 Banpo-
daero, Seocho-gu, Seoul 06591, Korea
TEL : +82-2-2258-6295, FAX : +82-2-537-2374, E-mail : ko_y@catholic.ac.kr

Received for publication June 9, 2016; Returned after revision June 26, 2016; Accepted for publication June 27, 2016

Copyright © 2016 by Korean Academy of Dental Science

cc  This is an open access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



20 J Korean Dent Sci 2016;9(1):19-27

Jun-Beom Park, et al: Er:YAG Laser and Titanium Surface Jun-Beom Park, et al: Er:YAG Laser and Titanium Surface

Introduction

Laser treatment has become a popular method in 
implant dentistry, and lasers have been used for 
various purposes, such as uncovering submerged 
implants or decontaminating implant surfaces 
when treating peri-implantitis1,2). The Erbium-
doped:Yttrium-Aluminum-Garnet (Er:YAG) laser, 
emitting a wavelength of 2,940 nm, is reported 
to possess suitable and useful properties for the 
treatment of both soft and hard tissues due to its 
wavelength, which is greatly absorbed by water3,4). 
The Er:YAG laser has been suggested for the 
treatment of peri-implantitis, as it has detoxification 
and bactericidal effects4). It has been reported 
that Er:YAG laser therapy improves the clinical 
conditions of peri-implantitis patients5). In this 
study, subjects with severe peri-implantitis were 
treated with the Er:YAG laser; bleeding on probing 
and suppuration decreased with mean probing 
depth reductions of 0.8±0.5 mm5).

The results varied depending on the type of 
implant1,6,7). Treatment with the Er:YAG laser 
resulted in surface alterations on machined (MA) 
and sand-blasted, large-grit, acid-etched surfaces1). 
The MA surfaces were not altered at low Er:YAG 
laser energy levels until such levels were raised 
to 500 mJ/10 Hz for 10 seconds, but sand-blasted, 
large-grit, acid-etched surfaces showed alterations 
after 10 seconds of irradiation at 300 mJ/10 Hz1). 
Similarly, the application of 100 mJ/10 Hz for 1 
minute did not produce significant changes on the 
surface texture of sand-blasted, large-grit, acid-
etched, hydroxyapatite-coated, fluoride-modified, 
TiO2-blasted implant surfaces6,7). However, in 
anodic oxidized surfaces, the oxidized layer peeled 
off of the surface, and cracks appeared on implant 
surfaces with the application of 100 mJ/10 Hz for 1 
minute7).

The energy and irradiation time may affect the 
results, and greater surface alterations were seen 
with an increase of pulse energy and irradiation 

time6). A previous study reported no observable 
changes on the surfaces of both hydroxyapatite-
coated implants and fluoride-modified, TiO2-
blasted implants after irradiation at an intensity 
of 100 mJ/pulse, 10 Hz for 1 minute; however, 
scanning electron microscope analysis revealed 
surface alterations in both implants irradiated for 1.5 
minutes6).

The full range of the Er:YAG laser’s effects 
on implant surfaces has not been completely 
investigated. Thus, this study was performed 
to evaluate the effects of the Er:YAG laser with 
different settings of 40 mJ/20 Hz, 90 mJ/20 Hz, and 
40 mJ/25 Hz on MA, sand-blasted and acid-etched 
(SA), and resorbable blast media (RBM) titanium 
surfaces using scanning electron microscopy and 
confocal microscopy. 

Materials and Methods

1. Specimen Preparation 
Three different types of titanium discs were used 

for this study. Four MA titanium discs (Dentium 
Co., Ltd., Seoul, Korea), four SA titanium discs 
(Dentium Co., Ltd.) measuring 10 mm in diameter 
and 2 mm in thickness, and four titanium discs 
treated with RBM (Neobiotech Co., Ltd., Seoul, 
Korea) measuring 10 mm in diameter and 3 mm 
in thickness were instrumented with the Er:YAG 
laser (Anybeam Top; B&B Systems, Seoul, Korea). 
This laser had an optic fiber assembly with a forced 
water cooling system. The discs were divided into 
three subgroups based on the laser pulse energy 
and irradiation time. Three different types of 
titanium discs in subgroup 1 were irradiated with 
40 mJ with 20 Hz, while those in subgroup 2 and 
subgroup 3 were irradiated with 90 mJ with 20 
Hz and 40 mJ with 25 Hz, respectively, for a total 
of 2 minutes by a single operator (Y.K.). The discs 
were irradiated in a non-contact mode 2 mm away 
from the disc surface with an 800 µm-diameter tip 
perpendicular to the disc surface.



21

Jun-Beom Park, et al: Er:YAG Laser and Titanium Surface Jun-Beom Park, et al: Er:YAG Laser and Titanium Surface

J Korean Dent Sci 2016;9(1):19-27

2. Examination of the Titanium Discs Treated 
with the Er:YAG Laser Using Scanning Electron 
Microscopy 

Following the irradiation of the MA, SA, and RBM 
titanium discs with the Er:YAG laser, the surfaces 
were washed twice with phosphate-buffered saline 
to remove debris. The surfaces were evaluated 
using scanning electron microscopy to determine 
the changes in the surface properties after the 
instrumentation. The discs were air-dried on a clean 
bench via the evaporation of hexamethyldisilazane 
sputter-coated with gold palladium and observed 
using a scanning electron microscope (S-4700; 
Hitachi, Tokyo, Japan) at 15 kV and 2,000× 
magnification. Images were randomly captured 

from each disc and saved as TIFF (tagged image file 
format).

3. Determination of Surface Properties with 
Confocal Microscopy

Roughness parameters (arithmetic mean value of 
the profile [Ra], maximum height of the profile [Rz], 
skewness of the assessed profile [Rsk], arithmetic 
mean height of the surface [Sa], maximum height 
of the surface [Sz], skewness [Ssk], developed 
interfacial area ratio [Sdr], and kurtosis [Sku]) were 
measured before and after instrumentation using 
a confocal laser microscope (LSM5 Pascal; Zeiss, 
Jena, Germany). All the values were determined at 
a cutoff length of 0.04 mm in 50 sections, and the 
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Fig. 1. The morphology of the surface of the titanium discs before and after treatment. (A) Machined (MA) control (no treatment). 
(B) MA with 40 mJ/20 Hz. (C) MA with 90 mJ/20 Hz. (D) MA with 40 mJ/25 Hz. (E) Sand-blasted and acid-etched (SA) control (no 
treatment). (F) SA with 40 mJ/20 Hz. (G) SA with 90 mJ/20 Hz. (H) SA with 40 mJ/25 Hz. (I) Resorbable blast media (RBM) control (no 
treatment). (J) RBM with 40 mJ/20 Hz. (K) RBM with 90 mJ/20 Hz. (L) RBM with 40 mJ/25 Hz.
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stack size of z-sections was 0.80 µm. Each scanning 
covered an area of 460.7×460.7 µm, and a Gaussian 
filter was used to determine the surface values. 
Roughness measurements were calculated using 
the proprietary software (Topography Package; 
Zeiss)1). Three discs were used for each group, and 
measurements were taken at five random areas 
from each disc. 

4. Statistical Methods
The data are represented as mean±standard 

deviation. A one-way analysis of variance 
(ANOVA) was used to test for differences between 
the treatment groups with commercially available 
statistical software (SPSS ver. 12 for Windows; SPSS 
Inc., Chicago, IL, USA). Statistically significant 
differences were evaluated with significance set at 
P<0.05. 

Result

The gross morphology of the MA, SA, and RBM 
titanium disc surfaces after treatment with the 
Er:YAG laser is shown in Fig. 1. Differences in color 
and surface texture before and after the treatment 
can be seen between MA, SA, and RBM. The 
change in surface structure after different treatment 
modalities was more distinctive in the 90 mJ/20 Hz 
groups when compared with the untreated MA, 
SA, and RBM surfaces. 

Fig. 2 compares the images obtained with 
scanning electron microscopy from untreated MA, 
treated MA, untreated SA, treated SA, untreated 
RBM, and treated RBM implant discs. The scanning 
electron microscopic images of the untreated MA 
discs show smooth configuration with machining 
marks (Fig. 2A). Depressions were observed after 
treatment with the Er:YAG laser (Fig. 2B~D), and 
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Fig. 2. The scanning electron microscopy images of each group (A~L: ×3,500). (A) Machined (MA) control (no treatment). (B) MA with 
40 mJ/20 Hz. (C) MA with 90 mJ/20 Hz. (D) MA with 40 mJ/25 Hz. (E) Sand-blasted and acid-etched (SA) control (no treatment). (F) SA 
with 40 mJ/20 Hz. (G) SA with 90 mJ/20 Hz. (H) SA with 40 mJ/25 Hz. (I) Resorbable blast media (RBM) control (no treatment). (J) RBM 
with 40 mJ/20 Hz. (K) RBM with 90 mJ/20 Hz. (L) RBM with 40 mJ/25 Hz.
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the 90 mJ/20 Hz group showed the most notable 
changes when compared to the MA group (Fig. 2C). 
The untreated SA surface demonstrated a rough 
surface with sharp spikes and deep pits (Fig. 2E). 
The Er:YAG laser produced noticeable changes on 
the SA titanium surfaces (Fig. 2F~H) in all settings. 
The upper peaks of the SA topography seemed to 
have melted down (Fig. 2F~H), and the melting 
and fusion surface phenomena were more obvious 
in the 90 mJ/20 Hz group (Fig. 2G). The untreated 

RBM surface demonstrated a rough surface with 
irregular indentations (Fig. 2I). The treatment with 
the Er:YAG laser produced changes on the RBM 
titanium surfaces (Fig. 2J~L), and the greatest 
changes could be noted in the 90 mJ/20 Hz group 
with melting and fusion (Fig. 2K).

The surface characteristics of the examined areas 
are listed in Fig. 3, and the profiles of each group 
are listed in Fig. 4. The qualitative analyses of 
the roughness parameters in MA, SA, and RBM 
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Fig. 3. The surface characteristics of the examined area. (A) Machined (MA) control (no treatment). (B) MA with 40 mJ/20 Hz. (C) MA 
with 90 mJ/20 Hz. (D) MA with 40 mJ/25 Hz. (E) Sand-blasted and acid-etched (SA) control (no treatment). (F) SA with 40 mJ/20 Hz. (G) 
SA with 90 mJ/20 Hz. (H) SA with 40 mJ/25 Hz. (I) Resorbable blast media (RBM) control (no treatment). (J) RBM with 40 mJ/20 Hz. (K) 
RBM with 90 mJ/20 Hz. (L) RBM with 40 mJ/25 Hz.
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Fig. 4. The confocal microscopy profiles of the groups. (A) Machined (MA) control (no treatment). (B) MA with 40 mJ/20 Hz. (C) MA 
with 90 mJ/20 Hz. (D) MA with 40 mJ/25 Hz. (E) Sand-blasted and acid-etched (SA) control (no treatment). (F) SA with 40 mJ/20 Hz. (G) 
SA with 90 mJ/20 Hz. (H) SA with 40 mJ/25 Hz. (I) Resorbable blast media (RBM) control (no treatment). (J) RBM with 40 mJ/20 Hz. (K) 
RBM with 90 mJ/20 Hz. (L) RBM with 40 mJ/25 Hz.
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surfaces are seen in Tables 1~3, respectively. 
Significant changes in the Ra and Rz values of 
the MA discs were noted when evaluations were 
performed with confocal microscopy (Table 1). 
Similarly, significant decreases in the Sa, Sz, and 
Sdr values were noticed in MA surfaces after 

the Er:YAG laser treatment (P<0.05). Significant 
changes in the Sa, Sz, Ssk, and Sdr values were seen 
in SA discs after treatment (Table 2). However, there 
were no significant changes in the Sa and Sz values 
after treatment in RBM discs when evaluations 
were performed with confocal microscopy (Table 3).

Table 1. Surface topographic properties of the MA discs after Er:YAG laser irradiation for 2 minutes using confocal microscopy

Group Ra (μm) Rz (μm) Rsk Sa (μm) Sz (μm) Ssk Sdr (%) Sku

Control 0.85±0.17 3.43±0.29 0.73±1.26 0.98±0.30 5.12±0.23 0.72±0.95 75.77±50.87 3.66±1.65

40 mJ/20 Hz 0.52±0.09* 1.85±0.69* 0.71±0.44 0.59±0.06* 4.49±0.32* 1.02±0.22 11.64±1.35* 5.28±1.15

90 mJ/20 Hz 0.37±0.05* 1.49±0.34* 1.48±0.96 0.43±0.07* 3.87±0.53* 1.29±0.95 9.96±4.48* 7.39±4.43

40 mJ/25 Hz 0.36±0.03* 1.20±0.12* 0.55±0.15 0.36±0.02* 2.70±0.22*,a 0.76±0.14 4.50±0.75* 4.79±1.66

MA: machined, Er:YAG: erbium-doped:yttrium-aluminum-garnet, Ra: arithmetic mean value of the profile, Rz: maximum height of 
the profile, Rsk: skewness of the assessed profile, Sa: arithmetic mean height of the surface, Sz: maximum height of the surface, Ssk: 
skewness, Sdr: developed interfacial area ratio, Sku: kurtosis.

Values are presented as mean±standard deviation.

*Statistically significant differences were noted between treated groups and untreated control groups (P<0.05). 
aStatistically significant differences were seen when compared with 40 mJ/20 Hz group.

Table 2. Surface topographic properties of the SA discs after saline irrigation using confocal microscopy

Group Ra (μm) Rz (μm) Rsk Sa (μm) Sz (μm) Ssk Sdr (%) Sku

Control 2.34±0.19 9.13±0.37 –0.54±0.45 2.31±0.11 17.20±0.71 –0.35±0.21 195.84±10.84 3.74±0.56

40 mJ/20 Hz 2.02±0.25 6.81±0.48* 0.28±0.36 2.13±0.09* 14.31±0.28* 0.32±0.11* 91.55±5.59* 3.33±0.21

90 mJ/20 Hz 1.80±0.21* 6.52±0.69* 0.30±0.61* 1.94±0.11*,a 13.96±0.38* 0.52±0.36* 97.26±8.19* 4.96±1.22

40 mJ/25 Hz 1.73±0.30* 7.18±0.93* –0.30±0.14 2.02±0.05* 14.54±0.74* 0.07±0.13* 112.83±10.75* 3.37±0.22

SA: sand-blasted and acid-etched, Ra: arithmetic mean value of the profile, Rz: maximum height of the profile, Rsk: skewness of 
the assessed profile, Sa: arithmetic mean height of the surface, Sz: maximum height of the surface, Ssk: skewness, Sdr: developed 
interfacial area ratio, Sku: kurtosis.

Values are presented as mean±standard deviation.

*Statistically significant differences were noted between treated groups and untreated control groups (P<0.05). 
aStatistically significant differences were seen when compared with 40 mJ/20 Hz group.

Table 3. Surface topographic properties of the RBM discs after Er:YAG laser for 2 minutes using confocal microscopy

Group Ra (μm) Rz (μm) Rsk Sa (μm) Sz (μm) Ssk Sdr (%) Sku

Control 2.61±0.16 7.83±0.52 0.13±0.43 2.77±0.11 19.45±1.42 0.74±0.08 102.84±10.29 4.53±0.41

40 mJ/20 Hz 2.73±0.61 7.94±1.37 0.48±0.69 2.82±0.21 19.17±1.00 0.71±0.18 123.08±5.82 4.31±0.55

90 mJ/20 Hz 2.49±0.55 7.69±1.07 0.05±0.33 2.95±0.27 20.13±1.72 0.47±0.41 169.51±34.96* 4.03±0.97

40 mJ/25 Hz 2.76±0.43 8.04±0.79 0.78±0.12 2.66±0.24 18.21±0.76 0.80±0.17 110.84±8.14 4.66±0.86

RBM: resorbable blast media, Er:YAG: erbium-doped:yttrium-aluminum-garnet, Ra: arithmetic mean value of the profile, Rz: maximum 
height of the profile, Rsk: skewness of the assessed profile, Sa: arithmetic mean height of the surface, Sz: maximum height of the 
surface, Ssk: skewness, Sdr: developed interfacial area ratio, Sku: kurtosis.

Values are presented as mean±standard deviation.

*Statistically significant differences were noted between treated groups and untreated control groups (P<0.05). 
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Discussion 

Three different types of titanium discs were used 
to study the effects of laser irradiation on these 
surfaces using a scanning electron microscope 
and confocal microscopy. Treatment with the 
Er:YAG laser produced significant changes in the 
roughness parameters, including Sa and Sz, of 
MA and SA surfaces. However, the Er:YAG laser 
did not produce notable changes in the roughness 
parameters, including Sa and Sz, of RBM surfaces. 

Two different methods were used in this study 
to evaluate the changes in the surface properties. 
Surface topography can be qualitatively examined 
using scanning electron microscopy8). Confocal 
microscopy allows for the assessment and 
quantification of the changes on surface roughness9). 
In this study, the qualitative changes in the surfaces 
of MA, SA, and RBM were measured with scanning 
electron microscopy, and surface topography was 
quantitatively evaluated by measuring roughness 
parameters, including Ra, Rz, Rsk, Sa, Sz, Ssk, Sdr, 
and Sku, with confocal microscopy.

Ra describes the overall surface roughness and can 
be defined as the arithmetic mean of all absolute 
distances of the roughness profile from the center 
line within the measuring length. It is one of the 
most widely used parameters of roughness10). Ra is 
the most widely used one-dimensional roughness 
parameter, and many studies have employed Ra 
as the sole indicator of surface texture. However, it 
has limitations in its inability to indicate the depth 
of the irregularity and the lack of information on 
the profile of the irregularity11). Rz describes the 
average maximum peak-to-valley height of five 
consecutive sampling depths11). Ra and Rz provide 
information about the profile, but Sa and Sz provide 
information about three-dimensional roughness12). 
Ssk is a measure of the curve symmetry describing 
the height distribution and can discriminate 
between wide valleys with narrow sharp peaks 
and high plateaus with sharp, deep valleys13). Sdr is 

an increment of the interfacial surface area relative 
to a flat plane baseline, and it is expressed as the 
percentage of additional surface area contributed by 
the texture as compared with an ideal plane the size 
of the measurement region14,15). Changes on very 
small levels can be recorded three-dimensionally 
using Sdr parameters16). Higher Sa and wider 
spaced texture may actually have a lower Sdr value 
than a lower Sa value, but finer spaced texture17,18). 
Sdr is 0% for a totally flat surface; when Sdr is 100%, 
it means that the roughness of a surface doubled its 
developed area19). Sku is reported to be a key feature 
of the height distribution through the peakedness 
of the profile13). A surface with a Gaussian height 
distribution has a sku value of 3; a surface with a 
narrow height distribution has a sku value greater 
than 3, while a surface that has a widely spread-out 
height distribution has a sku value of less than 313).

This study clearly showed that the effect of 
Er:YAG irradiation acted differently relative to the 
type of implant surface. In MA surfaces, scanning 
electron microscopic evaluation showed scratch 
lines over the untreated surface. Treatment with 
the Er:YAG laser resulted in a significant decrease 
in Sa and Sz values. A significant decrease in Sdr 
suggests that spatial intricacy was reduced. In SA 
surfaces, significant changes were noted in Sa, 
Sz, Ssk, and Sdr. An increase in Ssk suggests that 
there was a higher predominance of peaks after 
the treatment, and a significant decrease in Sdr 
suggests that the developed interfacial area ratio 
decreased with the decrease of spatial intricacy. In 
RBM surfaces, no notable changes were observed 
after the treatment, except in Sdr values. This study 
clearly showed that the effects of laser irradiation 
differed depending on the type of implant surface, 
confirming the previous studies1,6,7).

The energy and laser settings affected the rough-
ness parameters. Scanning electron microscopic 
evaluations showed that depressions in MA 
surfaces were more obvious in 90 mJ/20 Hz when 
compared with 40 mJ/20 Hz. Similar findings were 
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noted on both SA and RBM surfaces. Increasing 
energy from 40 to 90 mJ produced a significant 
decrease in Sa on SA surfaces. Increasing the 
frequency from 20 to 25 Hz resulted in a significant 
decrease in the Sz value on MA surfaces. In a 
previous study, when polished titanium plates were 
irradiated at 10 pulses of 50 mJ/pulse at 1 Hz with 
water spray, no morphological or color changes 
were observed; however, surface changes became 
evident when the plates were irradiated at 100 mJ/
pulse20). It was suggested that the Er:YAG laser at 
30 mJ/pulse and 30 Hz with water spray did not 
injure their surfaces20). A more recent report showed 
that irradiation at pulse energies below 30 mJ/pulse 
and 30 Hz with water spray in near-contact mode 
seemed effective for debriding microstructured 
surfaces, except for anodized microstructures21). 
Producing a smoother surface with reduced irre-
gularities may enhance the efficiency of removing 
bacteria, but further research is needed regarding 
the cellular responses. This study has the limitation 
that no comparison was made with hand instru-
ments and/or ultrasonic devices.

This study evaluated the effects of the Er:YAG 
laser on MA, SA, and SA titanium discs using 
confocal microscopy and scanning electron 
microscopy. Further research is needed to evaluate 
the efficiency of the Er:YAG laser in removing 
the contaminants and adhering bacteria and the 
effects of treatment on the cellular attachment, 
proliferation, and differentiation.

Conclusion

This study evaluated the effects of the Er:YAG 
laser on MA, SA, and SA titanium discs using 
confocal microscopy and scanning electron 
microscopy. Treatment with the laser produced 
significant changes in the roughness parameters, 
including Sa and Sz, of both MA and SA surfaces. 
However, the Er:YAG laser did not significantly 
change the roughness parameters, including Sa and 

Sz, on RBM surfaces. Further research is needed 
to evaluate the efficiency of the Er:YAG laser in 
comparison with hand instruments and ultrasonic 
devices in removing the contaminants and adhering 
bacteria and the effects of treatment on the cellular 
attachment, proliferation, and differentiation.
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