
SUMMARY
 The aim of this study was to evaluate the SEM morphological changes 

related to phosphoric acid, Er,Cr:YSGG laser applications and combined 
treatment on dentin surfaces. 12 dentin discs, 3 mm thick, were prepared 
with a diamond bur from the middle of human molars. The samples were 
divided in 3 groups: in the first group, only phosphoric acid was applied 
to dentin surfaces; in the second group, dentin surfaces were treated only 
by Er,Cr:YSGG laser; in the third group, the combination of laser and 
phosphoric acid applications were applied. 37% phosphoric acid was 
applied to dentin discs for 15 seconds. Laser irradiation was performed on 
dentin discs at 4W for 20 seconds with 90% air and 75% water. The effects 
of these applications to dentin surfaces were evaluated by using SEM with 
the magnifications x2000 and x3000.

Acid etching (the first subgroup) was effective for removal of the smear 
layer. After laser application, rough dentinal surface was seen. In the third 
group, acid etching after laser ablation caused rough and irregular surface, 
with craters and grooves. The applications of Er,Cr:YSGG laser and acid 
etching combination on dentin surfaces created more irregular surfaces than 
the application of only acid etching or only laser treatment. 
Keywords: SEM; Acid-etching; Er,Cr:YSGG laser; Dentin Surface

Yasemin Benderli1, Kağan Gökçe2,  
Mağrur Kazak3, Tankut Gürsoy3

1Istanbul University, Faculty of Dentistry 
Department of Restorative Dentistry 
Istanbul, Turkey 
2Yeditepe University, Faculty of Dentistry 
Department of Restorative Dentistry 
Istanbul, Turkey 
3Private clinic, Istanbul, Turkey

ORIGINAL PAPER (OP)
Balk J Stom, 2013; 17:79-86

 BALKAN JOURNAL OF STOMATOLOGY     ISSN 1107 - 1141  

SEM Comparison of Acid-Etching, ER,CR:YSGG
Laser and Combined Treatment on Dentin Surfaces

STOMATOLOGIC
A

L 
 S

O
C

IE
T

Y

Introduction

The idea of using phosphoric acid on dental surfaces 
was first introduced by Buonocore1 and this idea has 
become a usual clinical procedure to increase the bond 
strength between the composite resin and etched enamel 
surfaces. The success obtained with enamel etching 
inspired its use on dentin surfaces also.

Several etching agents that are currently in use 
remove the smear layer, open the orifices of the dentinal 
tubules to varying degrees and demineralise dentin 
in depth. However, the degree of surface etching and 
demineralization of surfaces depend on the type of acid, 
the etching time and concentration of the etchant2-7. 

Although acid etching is routinely used to 
roughen dental surfaces prior using bonding agents, 
today a newer method, Laser Systems, has also been 
investigated. Irradiation of dental surfaces with laser 

device was discussed whether to be an alternative to acid 
etching of enamel and dentin surfaces8-17. Among the 
most promising laser systems that are used for etching 
treatment in dentistry, is the family of erbium lasers. 
Erbium:YAG (Er:YAG) and Erbium,Chromium:Yttrium 
Scandium Gallium Garnet (Er,Cr:YSGG) laser were 
studied for etching virtue9,13,14,18-20 . 

As an alternative, some researchers have explored 
the use of acid etching after Er:YAG or Er,Cr:YSGG laser 
application on dental hard tissues, to improve bonding 
of restorative materials4-12,18,21-26. Er,Cr:YSGG laser, 
Millenium Hydrokinetic System (HKS), is the last system 
of the erbium family. There are several studies about 
this new system9,18,19,25,27,28. The aim of this study was 
to evaluate the SEM morphological changes on dentin 
surfaces related to phosphoric acid, Er,Cr:YSGG laser 
applications and the combination of acid etching after 
Er,Cr:YSGG laser treatment.
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In every group, 3 dentin specimens were examined 
separately. The effects of the applications on dentin 
surfaces were evaluated by using SEM with the 
magnifications x2000 and x3000. Prior placement into 
SEM (JEOL JXA-840 A, Electron Probe Microanalyzer-
JAPAN), the samples were immediately vacuum dried 
and sputter-coated (Edwards Sputter Coater S150 
B- ENGLAND) for 180 seconds with gold. SEM 
observations were carried out at accelerated voltage 20 
kV with the 25 mm working distance. SEM findings were 
scored blind to evaluate the effect of the applications 
on the smear layer. Scores from 0 to 4 were rated by 
3 separate assessors and the median score was used to 
produce a ranking order for the smear removal agents and 
laser applications tested. The scoring system was based on 
that of  Brannström et al29:
0 =  Surface completely covered with thin smear layer, no 

tubules visible;
1 =  Surface covered with thin smear layer but orifices of 

tubules visible, and occasionally open;
2 = Smear layer partly removed - orifices of most tubules 

open or partially open;
3 = Smear layer mainly removed, most tubules 

completely open;
4 =  Smear layer completely removed; peritubular dentin 

removed, resulting in increased size of tubular 
orifices.

Results

SEM examinations of dentin surfaces showed that 
differences in surface appearances related to 3 surface 
treatments were present among the dentin surfaces of 3 
groups:

In group A I, acid etching was effective for removal 
of the smear layer and enlarging the orifices of dentinal 
tubules. The inter-tubular dentinal surface had a fibrillar 
texture and dentinal tubules were partially filled with 
odontoblastic processes. These findings were compatible 
with Score 4 (Figs. 1 and 2). The surface appearances of 
group B I were similar to group A I, with the same score 
(Figs. 3 and 4).

In group A II, laser application revealed the 
exposed orifices of tubules composed of melted material. 
Resolidification of the dentinal smear layer caused a 
sponge-like appearance on the surface. Smear layer was 
partly removed, orifices of most tubules were opened. So 
it can be reported that this group was Score 2 (Fig. 5 and 
6) and the findings of group B II was similar to group A II 
(Figs. 7 and 8).

Materials  and Methods

12 freshly extracted intact human third molars were 
stored at room temperature in distilled water for 1 month 
to prevent them from drying out. A high-speed dental 
drill with a torpedo tapered diamond bur (ISO NO: 806 
314 298534 023-KOMET) was used to form 3 mm thick 
dentin discs. Standard smear layer was prepared on dentin 
samples using 600 grit SiC disks for 1 minute.

The study was planned in 2 main groups, which 
were divided in 3 subgroups related to the applications on 
dentin samples (Tab. 1). In the first group, dentin samples 
were only etched by 37% phosphoric acid gel (Vivadent, 
Liechtenstein) for 15 seconds, then washed with a water 
air spray for 30 seconds and dried. In the second group, 
only Er,Cr:YSGG laser (Millennium Hydrokinetic-Biolase 
Technology, Inc., San Clemente, USA) irradiation was 
performed on dentin discs at 4W for 20 seconds with 90% 
air and 75% water. In the third group, the combination of 
Er,Cr:YSGG laser and phosphoric acid applications were 
applied on dentin surfaces.

Table 1. Summary of the treated main groups and subgroups

 

Table 1 : Summary of the treated main groups and subgroups.

Group A Group B
Treatment with diamond bur on a 
high-speed dental drill

Treatment with diamond bur and 
sand paper (600 grit)

I.

II.

III.Su
bg

ro
up

s Application of 37% phosporic acid gel for 15 seconds .

Irradiation of Er, Cr: YSGG laser at 4 W for 20 seconds.
Combination of 37 % phosporic acid gel application after irradiation of 
Er,Cr: YSGG Laser

Er,Cr:YSGG laser operates at a wavelength of 
2.78μm, pulse duration of 140-150 μm with a repetition 
rate (frequency) of 20 Hz. Average power output can vary 
from 0 to 6.0 W and pulse energy can vary from 0-300 
mJ depending on the tissues to be cut. Laser energy was 
delivered through a fiberoptic system to a Z6 type with 
a diameter of 600 μm and with a 6 mm standard length 
(TIP-Z6 600 μm, 6mm; No: 6000201). The tip was 
bathed in an adjustable air-water spray during cutting. 
In order to simulate clinical conditions as closely as 
possible, the laser beam was directed manually, without 
the use of a fixed support. The Millennium system 
removes tissues in non-contact mode, so it was required 
to maintain a fiberoptic tip to the treatment tissue distance 
of 0.5 to 3.0mm while moving handpiece parallel 
to the tissue surface. According to the manufacturer 
directions, handpiece was removed gently and slowly in 
a circular, brushing or in and out motion to remove the 
desired materials. Dental hard tissues were lased at a 90 
degree angle to the previously flattened surface areas of 
approximately 5x5mm.

After etching and laser treatments, all of the 
specimens were kept wet.
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Figure 1. SEM photograph of dentin surface prepared with diamond 
bur and etched with 37% phosphoric acid for 15 seconds (original 

magnification x 2000)

Figure 3. SEM photograph of dentin surface prepared with diamond bur 
and sand paper and etched with 37% phosphoric acid for 15 seconds 

(original magnification x 2000)

Figure 2. SEM photograph of dentin surface prepared with diamond 
bur and etched with 37% phosphoric acid for 15 seconds (original 

magnification x 3000)

Figure 4. SEM photograph of dentin surface prepared with diamond bur 
and sand paper and etched with 37% phosphoric acid for 15 seconds 

(original magnification x 3000)
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Figure 5. SEM photograph of dentin surface prepared with diamond bur 
and laser prepared dentin with Er,Cr:YSGG laser at 4W for 20 secods 

(original magnification x 2000)

Figure 7. SEM photograph of dentin surface prepared with diamond bur 
and sand paper and laser prepared dentin with Er,Cr:YSGG laser at 4W 

for 20 secods (original magnification x 2000)

Figure 6. SEM photograph of dentin surface prepared with diamond bur 
and laser prepared dentin with Er,Cr:YSGG laser at 4W for 20 secods 

(original magnification x 3000)

Figure 8. SEM photograph of dentin surface prepared with diamond bur 
and sand paper and laser prepared dentin with Er,Cr:YSGG laser at 4W 

for 20 secods (original magnification x 3000)
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etching than with laser application only (Figs. 9 and 10). 
The appearance of the dentin surface of group B III was 
similar to group A III (Figs. 11 and 12). Micro-cracks 
and valleys were observed between peritubular and 
intertubular dentin areas. Appearance of the junction of 
peritubular and intertubular dentin were different in this 
group. These findings showed that the score of this group 
was Score 3.

In group A III, acid etching of laser treated samples 
appeared to reveal dentin tubules. The intertubular 
dentinal surface appeared to be more regular than in 
group A II (only laser application). Smear layer was 
mainly removed, orifices of the tubules were completely 
opened and widths of the orifices were more than in 
group A II. In addition to this, peritubular dentin areas 
were more degraded by both laser application and acid 

Figure 11. SEM photograph of dentin surface prepared with diamond 
bur and sand paper and etched with phosphoric acid after Er,Cr:YSGG 

laser irradiation (original magnification x 2000)

Figure 9. SEM photograph of dentin surface prepared with diamond bur 
and etched with phosphoric acid after Er,Cr:YSGG laser irradiation 

(original magnification x 2000)

Figure 12. SEM photograph of dentin surface prepared with diamond 
bur and sand paper and etched with phosphoric acid after Er,Cr:YSGG 

laser irradiation (original magnification x 3000)

Figure 10. SEM photograph of dentin surface prepared with diamond 
bur and etched with phosphoric acid after Er,Cr:YSGG laser irradiation 

(original magnification x 3000)
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dentin areas were determined with the help of compressed 
air-water.

In this study, SEM photographs of laser prepared 
dentin showed a sponge-like appearance on the surface. 
This can be explained by micro-explosions at the tissue 
surface, resulting from the sudden boiling of water within 
the tissue (thermo-mechanical ablation). Also, these 
physical changes might be indicators of the melting and 
re-crystallization process of dentin surface reported by 
Stabholz et al and Dankner et al44,45.

The difference between appearance of the etched 
dentin surface and laser prepared dentin surface was 
observed in this study. This appearance can be the result 
of the different conditioning technique that was used in 
this study. Less homogenous and less regular surface 
aroused from the union of different craters in the laser 
prepared dentin surface. The finding of this study show 
similarities to Sazak et al8.

Although acid-etching was effective for removal 
of the smear layer, less degraded dentin surface was 
obtained by using the combination of laser and acid 
application46. In addition to this, smear layer was mainly 
removed. In previous studies, acid-etching with 37% 
phosphoric acid after Er:YAG laser irradiation ensured 
a complete surface conditioning23,27,30 . In our opinion, 
the difference between this and previous studies could 
be related to the application time, type and concentration 
of the acid and, also, type and application time of the 
laser device. However, it is still being discussed whether 
severe removal of the smear layer with excessive enlarged 
orifices of tubules (Score 4) is better than mainly removal 
of the smear layer with mildly opened tubule orifices 
(Score 3) for ideal hybridization.

Removal of the smear layer in laser prepared and 
etched dentin surface was more than the laser prepared 
dentin surface only. In laser prepared and etched dentin 
surface, both physical and chemical interaction was 
held. By physical interaction related to laser application, 
irregular and heterogeneous surface was obtained as a 
result of the melted material. Thus, in this type of surface, 
partly removal of the smear layer was observed. In the 
combination type of the laser and acid application, this 
irregular surface was dissolved by acid etching. So, the 
surface that was irradiated previously, was chemically 
induced additionally. As a result of this, score of the laser 
prepared and etched dentin surface appearance was higher 
than with only laser prepared dentin surface appearance.

Conclusion

Instead of only laser application, laser and acid 
application was found to prepare a better surface to obtain 
a successful adhesion.

Discussion

Simultaneous conditioning of the hard dental tissues 
appears to be a recent innovation. Many studies have 
demonstrated that after cavity preparation, a smear layer is 
deposited on the dentin surface and this layer is removed 
from the dentin surfaces with different type, concentration 
and etching time of acid solutions2-4. In previous studies, 
most currently used phosphoric acid has been proven in 
concentations from 20% up 50% with application times 
varying from 15 seconds to 5 minutes1,2,4. Recently, ideal 
results were achieved with 37% phosphoric acid applied 
for a period of 15 to 30 seconds on dentin surfaces23,30,31. 
For that reason, the application time of 15 seconds and the 
concentration of 37% phosphoric acid was used in this 
study.

Although acid etching is accepted application for 
adhesion of composite materials to enamel and dentin, 
today, new innovative method, such as using laser 
systems, has been suggested for creating retentive areas 
on dental surfaces10,23,30,32. Furthermore, laser etching 
of dental surfaces has been reported to yield a fractured 
surface and open dentinal tubules, both  apparently ideal 
for adhesion33-36. So, etching dentin surfaces by using 
laser system was added to this study.

In addition to currently used laser types in dentistry 
(Nd:YAG, excimer, argon, carbon dioxide and Er:YAG 
laser), Er,Cr:YSGG laser has been used in the last period. 
But, Er,Cr:YSGG Millennium Hydrokinetic System 
(HKS) is the last system of erbium family used especially 
for surface roughening or etching of the dental hard 
tissues27,37,38. Because of the inadequate studies about the 
etching virtue of this HKS, Er,Cr:YSGG laser was chosen 
in this study.

Within the last decade, the potential for laser 
irradiation to produce dental surface conditioning has 
been studied using several laser systems, such as Er:YAG 
laser with the combination of phosphoric acid10,11,22,30. 
Since the combination of acid etching and Er:YAG laser is 
still being used in previous studies39-41 and, moreover, the 
inadequate studies exist using Er,Cr:YSGG laser system 
in combination with acid-etching, this application was 
also added to this study.

In order to reflect clinical conditions effectively, 
diamond bur was used to flatten dentin surfaces. As for 
comparison with other studies22,30,31,42, diamond bur and 
sand paper (600 grit) were applied to dentin surfaces.

Application of 37% phosphoric acid for 15 seconds 
to dentin surface removed the smear layer and opened the 
dentinal tubules. The results of this morphological study 
revealed similarities described earlier3,42,43. Analyzing 
dentin conditioning agents, acid solutions have been 
considered as chemical agents. These agents improve 
dentin surface chemically. As a result of this interaction, 
a smooth and homogenous appearances of intertubular 
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