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Abstract
Aim: To evaluate the shear bond strength of the bond between ceramic and enamel pretreated with different etching systems.

Materials and Methods: A total of thirty-three freshly extracted maxillary central incisors were embedded in acrylic blocks using 
a custom-made jig. The teeth were prepared using a custom-made preparation guide limiting the depth of the preparation into the 
enamel. The prepared teeth were divided into three different groups of ten each as Group A, Group B and Group C, based on three dif-
ferent surface treatments namely, acid etching, laser etching and combination of acid etching followed by laser etching. One sample 
from each surface treated group was randomly selected for scanning electron microscope (SEM) analysis (10x,500x,1000x) before 
bonding of ceramic blocks to the prepared teeth. A total of thirty ceramic blocks were fabricated and were then bonded to the teeth 
etched with their respective surface treatment methods. The bonded test samples of Groups A, B and C were subjected to aging for 
a period of seven days and were tested for shear bond strength using a universal testing machine. One debonded test sample from 
Groups A, B and C was randomly selected for a qualitative analysis by SEM analysis. (10x,500x,1000x) The results were tabulated and 
subjected to statistical analysis.

Results: Group B (laser etching) exhibited the highest mean shear bond strength value followed by Group A (acid etching) and 
Group C (combination of acid etching followed by laser etching). The difference in the shear bond strength values among the three 
groups was statistically significant, found using One-way ANOVA. (Group B > Group A > Group C). Tukey HSD post hoc comparisons 
between the test groups revealed a statistically insignificant difference in mean shear bond strength value for Group A in comparison 
to Groups B and C and a statistically significant difference in mean shear bond strength value for Group B in comparison to Group C. 

Conclusions: Er; Cr: YSGG laser etching is a viable alternative to acid etching of lithium disilicate ceramic. This was further corrobo-
rated by a predominantly cohesive pattern of failure of the resin cement with few areas of adhesive failure at the enamel-cement 
interface as observed on the debonded sample.
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Introduction

Durable bond between the adhesive cement and the res-
toration is also critical throughout the lifetime of a restora-
tion [1]. A strong durable resin bond provides high reten-

tion, improves marginal adaptation, prevents microleakage 
and increases the fracture resistance of the restored tooth 
and restoration [2,3].
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The bonded all-ceramic restorations provide a successful 
esthetic and functional service for patients. Clinical studies 
show excellent long-term success of bonded ceramic resto-
rations such as inlays, onlays, laminate veneers and crowns 
[4]. Contemporary restorative dentistry places a definite 
emphasis on adhesion. Accordingly, a long-term survival of 
adhesive porcelain restorations depends on the success of 
a reliable bond between the porcelain, the composite luting 
agent and the dental substrates [5,6].

The ceramic restorations require considerable support 
from the underlying luting agent and enamel/dentin in order 
to optimize the bond strength between the restorations and 
the natural tooth [7,8]. The durability and the clinical per-
formance of bonded porcelain restorations are mainly due 
to the cementing agents and adhesive systems. The cemen-
tation procedure is one of the factors for the clinical success 
of ceramic restoration [9]. This includes optimum surface 
treatment of the ceramic as well as proper choice and ma-
nipulation of the luting agent. Therefore, adequate ceramic 
surface conditioning is essential in order to have a strong 
resin bond that relies on the micromechanical interlocking 
and chemical bonding to the ceramic surface. Common treat-
ment options for ceramic surface are grinding, abrasion with 
diamond rotary instruments, airborne particle abrasion 
with aluminium oxide, acid etching and combinations of any 
of these methods [10,11].

Acid etching with solutions of hydrofluoric acid (HF) or 
ammonium bifluoride can achieve proper surface texture 
and roughness. Hydrofluoric acid solutions between 2.5% 
and 10% applied for 2 to 3 minutes seem to be most suc-
cessful. Silane coupling agent application improves the bond 
strength of porcelain to resin luting agent.

The surface treatment of dental substrate prior to adhe-
sive restorative procedures is an extremely important step 
of the bonding protocol and accounts for the clinical success 
of restorations. In the literature, various surface treatment 
methods like air abrasion, acid etching and laser irradiation 

have been shown to etch enamel/dentin for the ceramic 
bonded restorations [12,13]. Air abrasion is a technique that 
involves use of air pressure with aluminium oxide powders 
to abrade dental tissues and produce large rough, irregular 
surface areas [14]. This can be regarded as a form of macro 
etching. The air abraded surface (sand blasted) displayed 
obtuse angularities instead of the sharp irregularities of 
etched enamel surfaces which could lead to weak bond 
strengths [15].

The chemical treatment of enamel was first proposed by 
Buonocore by etching the enamel surface with orthophos-
phoric acid and has been commonly used to increase the 
bond strength of bonded ceramic restorations [16]. The tech-
nique of etching with orthophosphoric acid is used to create 
an irregular surface of enamel. This allows an increase in the 
prepared surface area available for the retention of the resin 
cement and an improvement in the marginal adaptation of 
all ceramic restorations. The retentive characteristics of acid 
conditioned enamel surfaces depend on the type of acid, 
etching time and chemical composition of the enamel. Acid 
etching contributes to micromechanical retention of the ad-
hesive components between the restoration and the enamel. 
The disadvantage of acid etching is that demineralization of 
the enamel surface makes it more permeable and prone to 
long term acid attack and caries. Currently, the most widely 
used protocol for enamel etching is with 37% phosphoric 
acid for 15 seconds [15-17].

The Er: YAG laser, originally developed by Zharikov., et al. 
in 1975, was approved by the FDA in 1997 for removal of 
caries, cavity preparations and modification of dentin and 
enamel surfaces prior to restoring with adhesive restora-
tions. The Er; Cr: YSGG laser system was investigated in 1995 
by Eversole and Rizolu. This pulsed laser device, when used 
with an air-water spray, has cut enamel, dentin, cementum 
and bone efficiently and cleanly without creating a signifi-
cant smear layer. This laser system has been designated as 
hydrokinetic system (HKS) and can be used for tooth prepa-
ration without causing deleterious pulpal effects [18-20].
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Laser etching is painless and does not involve either vi-
bration or heat, making it highly attractive for routine use. 
Furthermore, laser etching of enamel has been reported to 
yield an anfractuous surface (fractured and uneven) and 
open dentinal tubules, both ideal for adhesion [13].

The surface produced by laser irradiation is also acid re-
sistant. Laser irradiation of the enamel modifies the calcium-
phosphate ratio and leads to the formation of more stable 
and less acid-soluble compounds, thus reducing susceptibil-
ity to caries attack. Therefore laser etching of enamel might 
be advantageous over phosphoric acid etching [20]. The use 
of both laser and acid together has also been reported to en-
hance the strength of bonding to hard tooth surfaces relative 
to those exposed to acid alone [13]. Resin cements have been 
selected for their advantageous mechanical and adhesive 
properties when compared with the conventional luting ce-
ments. The applications of dual-polymerizing resin cements 
for all-ceramic restorations have considerably increased due 
to the ability of these cements to polymerize completely and 
their greater resistance to occlusal loading [1,21-24].

The international standards organization document, 
TR110405 Dental Materials-Guidance has recommended 
longer periods of storage in a solution may be necessary 
to determine durability of bonds [21]. The complex nature 
of the oral environment has a direct influence on the bond 
that is achieved between the interfaces of bonded ceramic 
restoration especially of the cementing agent and hard tis-
sue. Water absorption may reduce the mechanical proper-
ties of the resin based luting agents and is detrimental to the 
silane-ceramic bond [25,26]. Therefore, testing the samples 
following water storage is essential to better simulate the 
oral conditions and achieve predictable results.

The common tests used in literature for measuring the 
bond strength are three-point bending, tensile, microtensile 
and shear bond strength tests [27]. Shear strength testing 
is perhaps more clinically applicable because resistance to 
shear stresses are thought to be important in retaining res-

torations that have been bonded to enamel surfaces [19]. In 
this study, a conventional shear bond strength was used to 
evaluate the bond strength.

Studies that comparatively evaluate the shear bond 
strength between ceramic and enamel subjected to acid 
etching or irradiated with different laser systems are avail-
able [13,14,16,19,20]. However, research comparing the 
effects of Er; Cr: YSGG irradiated enamel with acid etched 
enamel on the shear bond strength with ceramic is sparse 
[13,16,20]. Also there are fewer studies comparing the com-
bined effects of acid etching followed by laser etching with 
Er; Cr: YSGG laser system.

The null hypothesis adopted was that there would be 
no differences in shear bond strength between pretreated 
enamel and ceramic using different etching methods.

Materials and Methods
Thirty-three freshly extracted maxillary central incisors 

were utilised for the study which were free of caries, frac-
tures, and restorations. The selected teeth were sectioned at 
2 mm below their cemento enamel junction using a separat-
ing disc (Dentorium, New York, USA). On the palatal surface 
of the crowns two longitudinal 2 mm deep grooves of 1 mm 
width were made to aid in the retention of the sectioned 
crowns with the acrylic. The inner surfaces of both halves 
of the custom made stainless split jig (Figure 1), were then 
coated uniformly with petroleum jelly and then screwed 
tightly into place. Autopolymerizing acrylic resin (Cold cure, 
DPI- RR, India) was then poured into the mold space till the 
top and the sectioned natural tooth was embedded into the 
acrylic resin. The natural tooth was embedded in such a way 
that the labial surface was exposed, for tooth preparation. 
Once the excess was removed, the custom-made stainless-
steel preparation guide (Figure 2) was then placed over the 
custom-made stainless-steel split jig and then secured into 
place further ensuring that the crown was mounted cor-
rectly.
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Figure 1: Custom made jig.

Figure 2: Custom made tooth prepartion guide.

Once the autopolymerizing resin (Cold cure, DPI-RR, In-
dia), had sufficiently cured, the custom-made stainless-steel 
preparation guide was unscrewed and the custom-made 
stainless-steel split mold was separated by removing its 
screws and the acrylic block was retrieved. The selected 
thirty-three natural teeth were embedded into the acrylic 
resin in an identical manner.

The middle portion of the labial surface of the teeth was 
selected for the preparation because of its larger width. The 
acrylic block with the embedded tooth was positioned in the 
custom made stainless steel split mounting jig and was se-
cured tightly.

The custom made stainless steel tooth preparation guide 
was then placed on top and locked in place. This enabled to 
make the preparation in the middle one third of the tooth 
with the guide.

Premarked inverted cone burs (Dia Burs, Mani, Germa-
ny), were used with a 7 mm marking on their shanks mea-
sured from the tip to prepare through 2 mm into the enamel 
surface as the thickness of the metal preparation guide was 
5 mm. Care was taken to limit the depth of the preparation 
in accordance with the markings on the burs, so as to not 
extend into the dentin surface. The preparation was done in 
order to simulate the clinical preparation of ceramic lami-
nate veneer restoration. After accomplishing the general 
outline of the intended test sample (a 5 x 5 mm square with 
2 mm depth), the area was marked and the tooth structure 
around this area was ground using a flat end tapered dia-
mond abrasive (Dia Burs, Mani, Germany), to ensure no im-
pedance during the test for shear bond strength.

The custom made stainless steel split mold was lined 
with die lubricant (Yeti Dental, Germany) on each side of 
the mold spaces to aid in the retrieval of the wax blocks. 
The wax custom made stainless steel split mold was then 
secured close and placed over a clean glass plate flush with 
its surface. Inlay wax (GC Corporation, Tokyo, Japan), was 
poured into the mold space in a molten state and was al-
lowed to cool gradually at room temperature.

 Then the mold was placed in a bowl of chilled water to 
further harden the wax blocks, for a minute. After this the 
mold was removed from the bowl and wiped dry. Before the 
screws on the split mold were removed the excess formed at 
the top was then gently carved out using a PKT no.4 instru-
ment (Dispodent, India). The resulting wax block (measur-
ing 5 x 5 mm) was then eased out with gentle finger pres-
sure. In this manner a total of 33 wax blocks were obtained. 
The wax blocks were sprued using preformed sprue wax 
(Bego, Germany) of 2 mm diameter, invested with graph-
ite free phosphate investment (Pressvest, Ivoclar Vivadent, 
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Liechtenstein), and casted with the selected ingot (IPS e. 
max Press, Ivoclar Vivadent, Liechtenstein) by following all 
required manufacturer’s instructions.

The flat ceramic surface was etched with 7% hydrofluoric 
acid gel (IPS Ceramic Etching gel, Ivoclar Vivadent, Liechten-
stein) for 1 minute in order to condition the ceramic. The 
teeth were divided into three groups of eleven each, namely, 
Group A, Group B and Group C and subjected to three differ-
ent surface treatments, namely, acid etching, laser etching 
and a combination of acid etching followed by laser etching 
respectively.

37% orthophosphoric acid (N Etch, Ivoclar Vivadent, 
Liechtenstein) was injected onto the prepared enamel sur-
face of the teeth in Group A and left for 15 seconds. The tooth 
surface was then washed with water under pressure using a 
two-way syringe. Each surface was then dried using a chip 
blower only. The treated specimen was then kept aside care-
fully in a separate container to avoid contamination before 
bonding it to the ceramic sample.

Er; Cr: YSGG laser system (Waterlase MD, Biolase, USA) 
was used to ablate the prepared enamel surface of the teeth 
in Group B. The distance between the tip of the device and 
the surface of the sectioned crown was kept at 1 mm, and the 
laser beam was applied to the entire surface for 20 seconds. 
The laser was applied at a wavelength of 2,780 nm with 
pulse duration of 140 μs and a repetition rate of 15 Hz. The 
laser energy was 75 mJ. 

Laser energy was delivered through a fibre-optic system 
via a sapphire tip terminal 600 μm in diameter and the sur-
face was bathed with an adjustable air/water spray using 
a water level of 30% and an air level of 60%. The treated 
specimen was dried using a chip blower and then kept aside 
carefully in a separate container to prevent it from contami-
nation before bonding it with the ceramic block.

Foe eleven samples in Group C, 37% orthophosphoric 
acid (N Etch, Ivoclar Vivadent, Liechtenstein) was injected 

onto the prepared surface of the teeth and left for 15 sec-
onds. The teeth surface was then washed with water under 
pressure using a two way syringe. Each surface was then 
dried using a chip blower only. Er; Cr: YSGG laser system 
(Waterlase MD, Biolase, USA) was used. The laser was used 
procedure wise similar to the one described for Group B One 
representative prepared tooth sample from each group (A, 
B and C) was randomly selected and set aside for the quali-
tative analysis of the surface topography of surface treated, 
prepared teeth samples before bonding with ceramic blocks. 
The remaining thirty pretreated teeth were kept for cemen-
tation procedures.

The silane coupling agent (Monobond S, Ivoclar Viva-
dent, Liechtenstein) was applied onto the previously etched 
ceramic block’s bonding surface using a microbrush and 
left for 60 seconds and then air dried. The bonding agent 
(Heliobond, Ivoclar Vivadent, Liechtenstein), was then ap-
plied onto the silanated surface of the ceramic bloc and then 
cured using a light cure unit (Confident, India) according to 
the manufacturer’s instructions. 

The primer (Syntac Primer, Ivoclar Vivadent, Liechten-
stein) was then applied onto the prepared tooth surface us-
ing a microbrush tip and left to dry for 20 seconds. Excess 
was then removed by blowing air using a chip blower. An 
adhesive (Syntac Adhesive, Ivoclar Vivadent, Liechtenstein) 
was then applied onto the prepared tooth surface using a 
microbrush tip and left to dry for 20 seconds. The excess 
was then removed by blowing air using a chip blower. The 
bonding agent (Heliobond, Ivoclar Vivadent, Liechtenstein) 
was then applied onto the tooth surface and then cured 
using a light cure unit (Confident, India) according to the 
manufacturer’s instructions. Equal amounts of the dual-cure 
resin luting cement’s (Variolink N, Ivoclar Vivadent, Liech-
tenstein) base and catalyst paste were then dispensed onto 
the mixing pad and mixed using a plastic spatula. 

The mixed cement was then applied onto the previously 
etched and silane treated surface of the ceramic block and 
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then the ceramic block was then pressed against the tooth 
surface under light finger pressure. The excess was carefully 
removed from the sides and the cement was further polym-
erized using a light cure unit (Confident, India) for 40 sec-
onds. In this manner thirty ceramic blocks were cemented to 
the enamel pretreated with three different etching methods.

The ceramic bonded to natural teeth test samples of 
Groups A, B and C were then stored in distilled water placed 
in an incubator (Narang Industries Ltd., India) at 370C 
for seven days before testing them for their shear bond 
strengths. The water was changed on a daily basis. This was 
done to simulate the oral conditions. The test samples were 
tested for shear bond strength using a universal testing ma-
chine (Lloyd Instruments, Farnham, United Kingdom). The 
force was applied at 900 to the long axis of the tooth. The 
acrylic mold was mounted in the lower member and the up-
per member had the chisel with a cross head. A shear force 
was applied to the ceramic test sample at a cross head speed 
of 0.5mm/min until fracture occurred. The maximum frac-
ture loads were recorded in Newton. The recorded values 
were then divided by the surface area of the sample to ob-
tain the shear bond strength values in MPa. A total of 30 test 
samples were tested in identical manner and the shear bond 
strengths were tabulated for statistical analysis.

SEM analysis was carried out on one representative 
surface treated, prepared teeth sample, randomly selected 
from each test group (Group A, Group B and Group C) be-
fore bonding of ceramic blocks using a scanning electron 
microscope (SA400N, Canada). The samples were placed 
on stubs, secured in place with an adhesive tape and coated 
with a thin layer of gold in a gold sputtering system. Coated 
samples were examined under SEM to examine the surface 
topography of the treated samples at 10x, 500x and 1000x 
magnification.

SEM analysis was carried to identify the mode of failure, 
on one representative tested sample from each test group 
(Group A, Group B and Group C) after debonding of ceramic 

blocks, using a scanning electron microscope (SA400N, Can-
ada). The samples were placed on stubs, secured in place 
with an adhesive tape and coated with a thin layer of gold 
in a gold sputtering system. Coated samples were examined 
under SEM to examine the mode of failure of the samples at 
10x, 500x and 1000x magnifications.

Results
All the statistical tabulations were done using Microsoft 

Excel (Microsoft, U.S.A.). the SPSS (SPSS for Windows 10.05, 
SPSS Software Corporation, Munich, Germany) software 
package was used for statistical analysis. One-way ANOVA 
was used to compare the mean values of the three groups (A, 
B, and C). Tukey-HSD was used as the post hoc test and a p 
value < 0.05 was considered statistically significant.

The mean shear bond strengths of Group A, Group B and 
Group C using One-way ANOVA showed that there was a 
statistically significant difference between the mean shear 
bond strength of the three groups. Group B (laser etch-
ing) had the highest mean shear bond strength followed by 
Group A (acid etching) and the lowest shear bond strength 
value was observed in Group C (combination of acid etching 
followed by laser etching).

Comparison between the mean shear bond strengths of 
Group A and Group B it was found that Group B had exhib-
ited a higher mean shear bond strength value compared to 
Group A. On statistical analysis using Tukey HSD, (p > 0.05) 
there was no statistically significant difference between 
these two groups. comparison between the mean shear 
bond strengths of Group A and Group C it was found that 
Group A had exhibited a higher mean shear bond strength 
value compared to Group C. On statistical analysis using 
Tukey HSD, it was found that (p- > 0.05), there was no statis-
tically significant difference between these two groups.

Comparison between the mean shear bond strengths of 
Group B and Group C it was found that Group B had exhib-
ited a higher mean shear bond strength value compared 

56

Evaluation of the Shear Bond Strength Between Ceramic and Pretreated Enamel using Different Etching Systems - Sem Analysis

Citation: Jaya Krishna Kumar S., et al. “Evaluation of the Shear Bond Strength Between Ceramic and Pretreated Enamel using Different Etching Systems - 
Sem Analysis". Acta Scientific Dental Sciences 6.11 (2022): 51-65.



to Group C. On statistical analysis using Tukey HSD, it was 
found that (p- <0.05), denoting a statistically significant dif-
ference between these two groups.

Discussion
Ceramic surface treatment is fundamental for bonding 

to resin [2,4,28]. The common surface treatments listed in 
literature are acid etching, airborne particle-abrasion, grind-
ing and a combination of any of these methods [4,29].

Acid etching of porcelain creates microporosities on the 
porcelain surface, which form a micromechanical interlock 
with the luting agent [30]. Several porcelain etchants have 
been developed like hydrofluoric acid and acidulated phos-
phate fluoride (APF) [30]. The most commonly used etchant 
is a 10% solution of hydrofluoric acid [30]. Hydrofluoric acid 
attacks the glass phase of conventional ceramic materials 
producing a retentive surface for micromechanical bonding 
[4,28]. It has also been reported in literature that hydroflu-
oric acid solutions between 2.5% and 10% applied for one to 
four minutes are most successful in achieving a proper sur-
face texture and roughness of ceramic surface [4]. In accor-
dance with the literature available, the present study used a 
7% hydrofluoric acid gel applied onto the ceramic blocks for 
one minute as the surface conditioning agent.

Recent developments in modern surface conditioning 
methods with silane coupling agents have resulted in im-
proved bond strength of porcelain to the luting agent [4,27]. 
Silane application improves the wettability of the ceramic 
and contributes to covalent bond formation between the 
ceramic and the luting agent [4,31]. Silanes are bifunctional 
molecules that bond silicon dioxide with the OH groups on 
the ceramic surface and copolymerizes with the organic ma-
trix of the resin cement [4]. It has also been reported that, 
etching and silanization significantly decreases microleak-
age [2,4,27].

The treatment of dental substrate prior to adhesive re-
storative procedures is an extremely important step of the 

bonding protocol and accounts for the clinical success of 
all-ceramic restorations [32]. During conventional tooth 
preparation with rotating instruments a smear layer is pro-
duced on the surface which consists mainly of pulverized 
enamel and dentin, carious debris, and bacteria [13,18]. The 
low surface energy of this layer prevents, impregnation of 
the enamel and dentin with the adhesive agent and thus, an 
adequate adhesion thereby affecting the durability of the 
bond between the restoration and the tooth [18]. The stan-
dard approach to solve this problem has been removal of the 
smear layer before sealing or bonding by surface treatment 
of the dental substrate [18]. The primary effect of enamel 
etching is to increase the surface area and thereby change 
the surface substrate from a low energy hydrophobic sur-
face to a high-energy hydrophilic surface [12,33].

In the literature, various surface treatments for treating 
enamel/dentin have been reported using chemicals like 
phosphoric acid, maleic acid and mechanical methods like 
intra oral air abrasion and laser etching [12,34]. Buono-
core (1955), postulated that acids could be used to treat 
the prepared tooth surface before the application of resins 
[5,7,15,35]. The most widely used method is the application 
of 37% phosphoric acid for the enamel surface [15]. Phos-
phoric acid acts on the enamel by selectively dissolving the 
hydroxyapatite of the prisms, thereby facilitating penetra-
tion of the bonding agents and tag formation [15]. A disad-
vantage attributed to acid etching is that demineralisation of 
enamel surface makes it more permeable and prone to long 
term acid attack and caries, especially if the demineralised 
substrate is not completely filled by the resin monomers 
[15,34,36].

The other methods tried as alternatives to acid etching 
with phosphoric acid were other acids such as maleic acid 
[16] or air abrasion using alumina 50 µm with/without acid 
etching [14] and laser etching [12]. Berk., et al. (2008) [12], 
in their in vitro study concluded that air abrasion was not a 
viable alternative to acid etching as it resulted in macroetch-
ing as opposed to microetching, attained with acid etch-
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ing [12]. It has also been reported that etching with 37% 
phosphoric yields better bond strengths than etching with 
10% maleic acid [16]. In accordance with the literature, the 
present in vitro study used 37% phosphoric acid to etch the 
enamel surfaces of the prepared tooth samples for 15 sec-
onds.

The action of lasers depends on their wavelengths and 
their subsequent absorbtion by the target tissue. CO2 laser 
and the erbium family of lasers, (Er; Cr: YSGG and Er: YAG) 
are the lasers preferred for working with hard tissues like 
the tooth and bone, because of their absorbtion by water 
[37]. Some of the laser systems have the ability to treat den-
tal surfaces to create a rough microretentive pattern [12]. 
Lasers such as Nd: YAG and CO2, have been examined, but the 
initial results with these lasers were not encouraging due to 
the thermally induced injuries to the surrounding tissues in-
cluding pulpal damage [18,19,38]. Many investigators have 
reported the ability of the Er: YAG laser to ablate tooth struc-
ture, which has also been indicated for selective removal of 
carious lesion, cavity preparation and modification of dentin 
and enamel surfaces prior to restoring with adhesive mate-
rials [18,19,38].

 The mechanism of action of erbium lasers has been re-
ported to be the same, [37] with only a minor difference in 
their wavelengths with Er: YAG being 2.94 µm as opposed 
to the Er; Cr: YSGG wavelength of 2.89 µm [18,19]. When 
the laser energy is focused onto the tooth, the water con-
tained therein, is heated and the steam causes an increase 
in the irradiated volume. This expansion surpasses the 
crystal strength of the dental structures, and results in abla-
tion. This mechanism explains the anfractuous, microreten-
tive pattern obtained after etching with the Erbium lasers 
[13,15,16,19,34,39,40,41]. The present in vitro study used 
an Er; Cr: YSGG laser to etch the enamel surface of the pre-
pared tooth samples.

Resin based composite cements are the cements of choice 
for the adhesive luting of ceramic restorations [2]. Resin ce-

ments are capable of producing micromechanical attach-
ment to the tooth structure [42]. Dual-cured cements tra-
ditionally are used when ceramic thickness does not allow 
light penetration for maximal conversion of the luting ce-
ment [19,43]. Disadvantages of dual-cured cements include 
porosity from mixing, reduced working time, decreased de-
gree of conversion and color instability due to amine degra-
dation [4]. In accordance with the literature, the present in 
vitro study used a dual-cured resin cement for the bonding 
of ceramic blocks (5 x 5 mm) onto the surface treated tooth 
samples.

Earlier studies have reported on the effect of water stor-
age on the bond strength. The International Standards 
Organization’s report on the testing of dental materials 
TR110405 also states that longer periods of storage in a 
solution are necessary to determine the durability of bonds 
[21]. Storage in water may result in hydrolytic degeneration 
of the interface components especially of the resin cement 
and/or collagen and is also detrimental to the silane-ceram-
ic bond [1,9]. Storage in water and additional thermocycling 
create stress at the cementing agent/hard tissue interface 
[9]. In the present in vitro study the samples were stored in 
distilled water at 37o C for a period of seven days to simulate 
the oral conditions.

The occlusal forces applied to a restoration may be com-
plex and made up of a combination of forces such as shear, 
tension, compression and flexure [44]. The tests most widely 
used to examine bond strength of resin composite to dentin 
are tensile and shear tests [44]. Shear strength is clinically 
more applicable because resistance to shear stresses are im-
portant in retaining restorations that have been bonded to 
enamel surfaces [20]. In the present in vitro study, a conven-
tional shear bond strength test with a crosshead speed of 
0.5 mm [22] was used to evaluate the long-term durability.

The effect of laser etching, acid etching and combina-
tion of acid etching and laser etching on enamel has been 
evaluated in various researches [12,13,14,16,19,20,45]. 
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The shear bond strength of composites, [12,14,19,20,45] 
and ceramics [13] to the treated enamel surface have been 
evaluated in literature. Previous studies show that the bond 
strength values achieved with laser etching of enamel have 
been comparable to the bond strength values achieved with 
acid etching [13,14,16,19,20,32,45]. Application of laser 
etching has been suggested as an alternative to acid etch-
ing considering its etching property and other advantages 
like the increased resistance to caries, ease of handling and 
faster means of etching. The results obtained with the pres-
ent study are broadly in line with the results obtained in the 
previous study. However, researches identical to the present 
study parameters are sparse in the literature.

Dundar., et al. (2009) [13] had comparatively evaluated 
the shear bond strength of ceramic to enamel after different 
surface treatment of enamel (acid etching, laser etching and 
a combination of acid etching and laser etching). The mean 
shear bond strength value obtained with acid etching (15.44 
MPa) was slightly higher than that achieved with laser etch-
ing (12.89 MPa) and the combination of acid etching fol-
lowed by laser etching (13.87 MPa) but the results were sig-
nificant (Table 1). The compositions of the ceramic material 
and the resin cement used for bonding to the enamel surface 
in other studies are different from the ceramic and resin ce-
ment used in the present study. But the shear bond strength 
values yielded by the etching methods are comparable with 
the shear bond strengths obtained in the present study. The 
results obtained in the present study are in accordance with 
the study by Visuri., et al. (1996) [45] which revealed higher 
shear bond strength value of composite resin when it was 
bonded to laser prepared tooth surface (12.9 MPA) than 
with acid etched tooth surface (7.3 MPa).

 Lin., et al. (1999) [19] stated that the use of an Er; Cr: 
YSGG laser provided surfaces that are receptive to attach-
ment of restorative materials. Enamel surfaces treated 
with the Er; Cr: YSGG laser (23.7 MPa) yielded shear bond 
strengths similar to those obtained with acid etched bur-cut 
enamel (23.3 MPa) and the author has suggested the use of 

GROUP Number of Mean Shear Bond Standard
P-value

samples Strength (MPa) Deviation
A 10 11.9470 +/-0.79081 0.049*
B 10 12.7640 +/-1.91180
C 10 11.2760 +/-0.80199

Table 1: Comparison between mean shear bond strength values 
of Group A (acid etching), Group B (laser etching) and Group 
C (combination of acid etching followed by laser etching) test 

samples using One-way ANOVA.

*P-value < 0.05 denotes significance.

Inference: On comparison between the mean shear bond 
strengths of Group A, Group B and Group C using One-way ANOVA 

it was found that there was a statistically significant difference 
between the mean shear bond strength of the three groups. Group 

B (laser etching) had the highest mean shear bond strength 
followed by Group A (acid etching) and the lowest shear bond 
strength value was observed in Group C (combination of acid 

etching followed by laser etching).

laser. Usumez., et al. (2003) [16] reported that the micro-
tensile bond strength of porcelain laminate veneers bonded 
to tooth surfaces that were laser etched (12.1 MPa) showed 
results similar to acid etched (13 MPa) tooth surfaces. Mos-
lemi., et al. (2010) [14] stated that there was no statistically 
significant difference between shear bond strength values 
obtained with acid (37% phosphoric acid) etching (23.51 
MPa) and combination laser and acid etching (21.44 MPa) 
and these results are in accordance with the present study.

The qualitative analysis of the treated surface of Group 
A sample before bonding to ceramic block showed a defi-
nite, type III key-hole pattern throughout the surface. The 
predominantly adhesive mode of failure of Group C test 
sample is in correlation with the significantly lower shear 
bond strength values obtained with this group. They pre-
sented a uniform micro-retentive pattern over the entire 
etched area. No smear layer was visible over the etched 
surface. (Figure 3a, 3b) The surface analysis of the Group 
B sample before bonding to ceramic block showed no defi-
nite or uniform pattern and an absence of a smear layer. The 
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surface had numerous voids and a definite micro-retentive 
topography with several raised elevations and depressions. 
(Figure 4a,4b) The surface analysis of the Group C sample 
before bonding to ceramic block revealed a heterogeneous 
topography, showing both acid induced porosities and laser 
induced surface roughness (Figure 5a,5b).

Figure 3: a)Group A sample after etching and before bonding with 
ceramic 10x, 500x. b)Group A sample after etching and before 

bonding with ceramic 1000x

Figure 4: a)Group B sample after etching and before bonding with 
ceramic 10x, 500x. b) Group B sample after etching and before 

bonding with ceramic 1000x.

Figure 5: a)Group C sample after etching and before bonding with 
ceramic 10x, 500x. b) Group C sample after etching and before 

bonding with ceramic 1000x.

The qualitative analysis of the surface of Group A sample 
after debonding revealed a mixed failure pattern. There was 
a predominant cohesive failure occurring within the cement 
and an adhesive pattern of fracture between the enamel and 
cement (Figure 6a, 6b). The surface analysis of the Group B 
sample after debonding revealed a predominantly cohesive 
mode of failure in the cement with few areas of adhesive 
failure (Figure 7a,7b). The surface analysis of the Group C 
sample after debonding revealed a predominantly adhesive 
failure pattern (Figure 8a,8b).

The scanning electron microscope (SEM) analysis find-
ings are in correlation with the results obtained from the 
shear bond strength test. The higher shear bond strength 
values obtained with Group B and Group A test samples 
could be attributed to the predominantly cohesive nature 
of failure with these groups. The lower percentage of adhe-
sive failure areas for Group B test sample as compared to 
the Group A test sample could account for its higher shear 
bond strength value obtained in the present study. results 
obtained from the qualitative analysis of this study are in 
correlation with the results obtained from the quantitative 

a

a

a a

a

a

b

b

b
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Figure 6: a)Group A sample after debonding with ceramic 10x, 
500x. b) Group A sample after debonding with ceramic 1000x.

Figure 7: a)Group B sample after debonding with ceramic 10x, 
500x. b) Group B sample after debonding with ceramic 1000x.

Figure 8: a)Group C sample after debonding with ceramic 10x, 
500x. b) Group C sample after debonding with ceramic 1000x.

analysis of the study with Group B (laser etching) samples 
showing the highest mean shear bond strength followed by 
Group A (acid etching) and Group C (combination of acid 
etching followed by laser etching) samples.

This study reports a higher mean shear bond strength for 
laser etched enamel as opposed to acid etched enamel but 
there was no statistical significance. This study also reports 
higher mean shear bond strength for laser etched samples 
on comparison with samples which received a combina-
tion of acid etching followed by laser etching. The difference 
observed between laser etching and a combination of acid 
etching and laser etching was statistically significant (Table 
2-4). The lower mean shear bond strengths exhibited by 
the samples which were treated by a combination of acid 
etching followed by laser etching may be due to the lower 
amount of surface roughness produced by it as observed un-
der the SEM. It is well accepted that a high surface roughness 
is closely related to greater bonding [39]. Therefore, the null 
hypothesis is rejected.

b b

b

a

a aaa

a
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GROUP Number of Mean Shear Bond Standard
P-value

samples Strength (MPa) Deviation
A 10 11.9470 +/-0.79081 0.342 *
B 10 12.7640 +/-1.91180

Table 2: Comparison of mean shear bond strength values of Group A (acid etching) and Group B (laser etching) 
 test samples using Tukey HSD test.

P-value > 0.05; insignificant.

Inference: On comparison between the mean shear bond strengths of Group A and Group B it was found that Group B had exhibited 
a higher mean shear bond strength value compared to Group A. On statistical analysis using Tukey HSD, it was found that the p-value 

>0.05, denoting no statistically significant difference between these two groups.

Group Number of Mean Shear Bond Standard
P-value

samples Strength (MPa) Deviation
A 10 11.9470 +/-0.79081 0.480*
C 10 11.2760 +/-.80119

Table 3: Comparison of mean shear bond strength values of Group A (acid etching) and Group C (combination of acid etching  
followed by laser etching) test samples using Tukey HSD test.

P-value > 0.05; insignificant.

Inference: On comparison between the mean shear bond strengths of Group A and Group C it was found that Group A had exhibited 
a higher mean shear bond strength value compared to Group C. On statistical analysis using Tukey HSD, it was found that the p-value 

>0.05, denoting no statistically significant difference between these two groups.

Group Number of Mean Shear Bond Standard
P-value

samples Strength (MPa) Deviation
B 10 12.7640 +/-1.91180 0.039*
C 10 11.2760 +/-0.80119

Table 4: Comparison of mean shear bond strength values of Group B (laser etching) and Group C (combination of acid  
etching followed by laser etching) test samples using Tukey HSD test.

*P-value < 0.05; significant.

Inference: On comparison between the mean shear bond strengths of Group B and Group C it was found that Group B had exhibited 
a higher mean shear bond strength value compared to Group C. On statistical analysis using Tukey HSD, it was found that the p-value 

<0.05, denoting a statistically significant difference between these two groups.
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Acid etching with 37% phosphoric acid has yielded sat-
isfactory bond strengths for a long time, but it’s liability to 
leave the enamel demineralised has always been a point of 
concern. Laser etching, in turn leaves the enamel more re-
sistant to acid dissolution [15,21]. The area to be etched can 
be very precisely limited with a laser without any damage to 
the surrounding tooth structure. The results of the present 
study suggest laser etching to be a viable alternative to acid 
etching.

Conclusions
•	 Er; Cr: YSGG laser etching is a viable alternative to acid 

etching of lithium disilicate ceramic.
•	 This was further corroborated by a predominantly co-

hesive pattern of failure of the resin cement with few 
areas of adhesive failure at the enamel-cement inter-
face as observed on the debonded sample.

•	 Surface treated using both laser etching and acid etch-
ing provided least bond strength between ceramic and 
enamel.
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