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The efficiency of ErCr:YSGG 
laser on the debonding of 
different thicknesses of 
ceramic veneers 
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Aims: To verify the efficacy of Er,Cr:YSGG laser for debonding 
of lithium disilicate (LD) reinforced glass ceramic veneers 
of different thicknesses. Methods: Forty bovine teeth were 
prepared and randomly divided into four groups (n=10/group) 
according to the ceramic disc thickness: C0.5 (Control group) 
and L0.5 (Laser irradiated group) in which LD discs had a 
thickness of 0.5mm and 5mm diameter; C1 and L1 in which LD 
discs had a thickness of 1mm and 5mm diameter. The lithium 
disilcate discs (IPS E.max®, shade HTA2) were fabricated 
following the manufacturer’s recommendations and cemented 
to the prepared tooth surface. The Er,Cr:YSGG laser was applied 
to the laser groups at 2.5W and 25Hz for 60seconds. Universal 
testing machine was used to evaluate the shear bond strength 
for all samples at a cross head speed of 1mm/min in an 
inciso-gingival direction parallel to the sample surface. After 
debonding, the samples were examined under stereoscope to 
evaluate the mode of failure according to the adhesive remnant 
index (ARI). Results: Laser irradiation significantly diminishes 
the shear bond strength from 10.868 MPa to 3.778 MPa for 
C0.5 and L0.5 groups respectively (p=0.00) and from 14.711 
MPa to 4.992 MPa for C1 and L1 groups respectively (p=0.00). 
The shear bond strength required for debonding increased 
with increasing thickness of discs, but without significant 
difference (p=0.110). Higher ARI scores were seen in the laser 
groups (more cement remaining adhered to the tooth) when 
compared to the control groups. Conclusions: The Er,Cr:YSGG 
laser could be an effective and useful tool in debonding of 
lithium disilicate ceramic veneers as it decreases the shear 
bond strength required for veneer debonding. 
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Introduction

Laminate veneers are considered conservative esthetic restorations that are very thin 
ceramic facings which consist of 0.5 to 1.0 mm thick ceramic adhesively bonded by a 
light-curing or self-curing resin cement, after the tooth has received minimally inva-
sive preparation, which is usually restricted to enamel1. The great interest of these 
indirect restorations is due to their conservative preparation, resistance to fracture, 
high aesthetic quality, reduced discoloration, good tissue acceptance, lower debond-
ing rate, and patient satisfaction2. 

The retention of these ceramic restorations is dependent almost completely on 
chemical and micromechanical adhesion among the luting resin cement and porce-
lain surface from one side and the tooth surface from the other side3. This creates 
an intense bonding connection between the tooth and the ceramic surfaces, hence 
making it difficult to debond the ceramic restoration in a single piece4.

Several factors like recurrent caries, ceramic fracture or chipping and patient-described 
problems with a restoration’s shade, shape or position have caused the need to remove 
these restorations. Such clinical cases need intact removing of the restoration, without 
harming the underlying tooth structure and to allow rebonding after laboratory repair5.

The typical method for removal of resin bonded ceramic restorations is mostly per-
formed by grinding the ceramic restoration with rotary burs6. However, it is consid-
ered a time-consuming procedure, destructive, expensive, uncomfortable7, in addition 
of having some risk of harming the underlying dental structure. 

Therefore, in order to eliminate the drawbacks of conventional removal method and 
to decrease the irreversible enamel surface harm, laser assisted veneer debonding 
have been suggested1. This new technique of veneer debonding was inspired by its 
practice on orthodontic ceramic brackets that began in early 1990s4 and which its 
success was evidenced by several studies8,9. There are various laser sources that 
have been used for this purpose such as the Nd:YAG10, Er:YAG9, Er,Cr:YSGG8 and 
CO2

11 lasers, but most researchers agree that for debonding aims, the Er:YAG and 
Er,Cr:YSGG lasers yield better results than other laser system12,13.

Calabro et al.14 (2019) in their case report stated that the Er:YAG laser assisted 
debonding of 11 ceramic laminates compared to the conventional removal method, 
was more efficient and comfortable both to the patient and the dentist, less time con-
suming and with preservation of the remaining tooth structure. Alikhasi et al.7 (2019) 
as well proved the efficiency Er, Cr: YSGG in successful debonding of feldspathic and 
lithium disilicate (LD) glass ceramic veneers luted with resin cement on bovine teeth. 

Therefore, the aim of the current research was to investigate the effect of Er,Cr:YSGG 
laser on the shear bond strength (SBS) of ceramic discs made from lithium disilicate 
and the effect of the ceramic thickness on this laser debonding, together with evaluating 
the mode of failure. The first null hypothesis to be investigated was that the Er,Cr:YSGG 
laser irradiation would not affect the shear bond strength of LD ceramic discs bonded 
to the teeth. While the second null hypothesis was that the ceramic thickness has no 
effect on shear bond strength during the laser debonding of these ceramic discs.
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Materials and Methods 

1. Specimens collection and preparation 

The study was approved by “Research Ethics Committee of Mosul University/Col-
lege of Dentistry” under Record reference number (UoM.Dent/DM.A.L.70/21). Forty 
extracted, noncarious, bovine mandibular incisor teeth were utilized in the present 
study. The teeth were extracted from cows of age between 2-3 years. The Teeth 
were cleansed with a hand scaler to remove any attached soft tissue followed by 
polishing with fluoride-free pumice and were preserved in 0.1% thymol solution at 
room temperature (25±5°C) for 24 hours (h.) and then stored in distilled water6. 
The roots were cut off using a diamond disk at the level of the CEJ under copious 
water irrigation. The pulp tissues in the crown portion were removed using barbed 
broach, then the pulp chamber space was rinsed with sodium hypochlorite followed 
by distilled water. 

Cold cure Epoxy Resin (Veracril, Colombia) was mixed according to the manufacturer’s 
instruction. Then it was poured into moulds with a diameter of 35 mm and 35 mm 
height. When embedding the specimens in acrylic resin, the labial surface of the 
tooth was located in such a way that it was parallel to the bottom of the mould 
(parallel to the floor)6. 

After the setting of the cold cure resin, the middle third of the labial surface of the teeth 
was treated with silicon carbide disks of #400, #600 grit up to #800 grit under run-
ning water in order to make a flat treatment area of 5±1 mm diameter within enamel 
by applying each grit for 30 seconds(s.)7,15. Then the moulds were stored in distilled 
water at room temperature (25±5°C) till the time of cementation.

2. Discs preparation

Forty lithium disilicate glass ceramic discs (IPS E.max® Press; shade HTA2; Ivoclar 
Vivadent®, Schaan, Liechtenstein) were fabricated in the laboratory following the 
manufacturer’s instruction.

3. Study design and specimens grouping

Ceramic discs (n=40) made of lithium disilicate (IPS E.max®) were randomly divided 
into four groups (n=10) as follow:

C0.5: Control (non lased) group with a thickness of 0.5 mm and 5 mm diameter. 

L0.5: Laser irradiated group with a thickness of 0.5 mm and 5mm diameter. 

C1: Control (non lased) group with a thickness of 1 mm and 5 mm diameter.

L1: Laser irradiated group with a thickness of 1 mm and 5 mm diameter 

4. Discs cementation

The prepared enamel surface of the tooth was dried, and etched with phosphoric 
acid (Scotchbond Universal Etchant 3M ESPE) for 30 s., then was rinsed thor-
oughly with water and air dried using air syringe. Adhese Universal® (Pen, Light 
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cure) (Ivoclar, Vivadent®, Schaan, Liechtenstein) adhesive was then applied to the 
prepared enamel surface, allowed to rest for 20 s. then air-dispersed, and light-
cured for 20 s. with a LED curing light (WoodPecker®, China) at 1200 mW/cm2  
light intensity16.

The ceramic discs were cemented to the prepared enamel surface of the bovine 
teeth according to the manufacturers’ specifications. IPS Ceramic Etching Gel® (4.9% 
hydrofluoric acid) (Ivoclar, Vivadent®, Schaan, Liechtenstein) was applied to the inter-
nal surfaces of the discs (intaglio surface) for 20s. Then, disc specimens were rinsed 
and dried thoroughly with water spray and air respectively, then silane Monobond 
Plus® (Ivoclar, Vivadent®, Schaan, Liechtenstein) was applied to the internal surfaces 
of the discs for 60 s. and allowed to air dry16,17. Variolink Esthetic® LC (shade light+)
(Ivoclar, Vivadent®, Schaan, Liechtenstein) resin-based cement was then applied to 
the internal surface of the disc which was seated into place on the prepared flat tooth 
surface under load by using a glass slide applied on the ceramic disc over which a 
load of 75 mg was applied for 1 minute. An initial cure of 1 s. from each side of the 
disc with the LED curing light was applied to remove excess cement. The final cure of 
the cement was accomplished afterwards with a 20 s. light-cure with the curing light 
in contact with the glass slide and figure (1) shows the completed cemented disc. 
Finally, the samples were stored in distilled water and stored at 37°C for 24 h. prior to 
the debonding procedure16.

Figure 1. Completed cemented sample.

5. Laser settings

Er,Cr:YSGG laser (Waterlase MD®, Biolase; Irvine, USA) was used in this study follow-
ing the parameters16 expressed in (Table 1):
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Table 1. Er,Cr:YSGG laser parameters 

Er,Cr:YSGG laser parameters

Laser category Solid-state

Wavelength 2780 nm

Water 30%

Air 70%’

Handpiece type MD (noncontact)

Tip type ZipTip MZ6

Application technique Scanning technique 

Pulse energy 100 mJ

Pulse duration 60 μs

Frequency 25 Hz

Average power 2.5 W

Operation Mode H

Length of treatment 60 s.

The specimens were placed on a surveyor, and the laser handpiece was fixed on a 
modified arm so that the laser tip is positioned perpendicular at a distance of 2 mm 
to the ceramic disc7 and scanning movements were performed which are horizontal 
movements perpendicular to the disc surface9 (Figure 2). Each disc was irradiated 
from incisal to cervical area and vice versa in 10 s. which is considered as one cycle. 
Since the period of irradiation was 60 s., this means that each disc was irradiated  
for 6 cycles. 

Figure 2. Laser irradiation of the ceramic disc cemented to the bovine tooth
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6.Experimental procedure

6.1. Shear bond strength measurement:

Universal Testing Machine (Gester®, Gester International Co.; China) was used to 
evaluate the shear force needed for disc debonding, for both the control and laser 
irradiated groups. The specimen was placed in a specially designed mounting jig that 
allowed the specimen to be loaded parallel to the adhesive interface (Figure 3). The 
test was performed by applying force inciso-gingivally, with a crosshead speed of 1 
mm/min parallel to the sample surface, creating a shear debonding force at the lam-
inate-tooth interface6.

Shear bond strength values were recorded in Newton (N) and converted into mega-
pascals (MPa) as follow: MPa = N/area, Area = πr2 (π = 3.14, r = 2.5), MPa = N/ 19.63. 

Figure 3. Universal machine loaded with specimen, the blade is parallel to the adhesive interface

6.2. Mode of failure evaluation

A stereomicroscope (Optika Microscopes®; Italy) was used to examine the debonded 
surfaces of all samples at a 20X magnification to evaluate the mode of failure. In the 
present study the “adhesive remnant index (ARI)” according to Artun and Bergland18 
(1984) was used for the mode of failure evaluation with the following classifications: 
0: No adhesive remaining on the enamel surface, 1: Less than half of the adhesive 
remaining on the tooth surface, 2: More than half of the adhesive remaining on the 
tooth surface, 3: All the adhesive remaining on the tooth surface. 
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The ARI scores were evaluated by using ImageJ software program. In the software 
program, the total bonding area of the ceramic disc (5mm diameter) was marked first 
and measured to be considered as standard for all the samples. Then, the residual 
adhesive remained on labial surfaces of teeth after debonding was also marked on 
the photograph and its surface area measured and compared to the standard total 
bonding area in order to determine the exact score.

Statistical analysis

The statistical analyses were accomplished utilizing the statistical packages for 
SPSS 25.0 for Windows (SPSS Inc., Chicago, IL, USA). The normality of the distri-
bution of data was estimated with Kolmogorov-Smirnov and Shapiro test. Indepen-
dent samples t-test was applied to compare between control and laser irradiation 
and between groups. Statistical significance was established at P<0.05.

Results
Descriptive statistics for control and study groups is presented in table (2).  
It was found that the highest SBS was for C1 (14.71 MPa), while the lowest for  
L0.5 (3.77 MPa).

There was a significant reduction in the shear bond strength after laser irradiation for 
both 0.5mm and 1mm disc thickness groups as shown in table (2). The SBS of L0.5 
was lower than L1, but without significant difference between them (p=0.110).

The ARI scores for the laser groups (L0.5, L1) was higher compared to the con-
trol groups (C0.5,C1) as shown in table (3). In L0.5 and L1, the majority of the 
samples were of score 2 and 3. While in C0.5 and C1, the majority were of score  
0 and 1. 

Table 2. Descriptive statistics and Independent samples t- test for the shear bond strength(MPa) of the 
control and study groups

Groups Minimum Maximum Mean Std. 
Deviation T p

value

C0.5 8.22 14.27 10.8680 2.0283

L0.5 1.17 5.92 3.7784 1.3783

C0.5/L0.5 9.141 0.00*

C1 10.49 19.34 14.7113 2.9326

L1 2.32 7.63 4.9923 1.8238

C1/L1 8.901 0.00*

L0.5/L1 -1.680 0.110x

C0.5: control,0.5 mm thickness; L0.5: laser iradiated,0.5 mm thickness; C1: control,1 mm thickness; L1: laser 
iradiated, 1 mm thickness; *: Indicates a significant difference at P ≤ 0.05. x: Indicates non-significant difference 
at P > 0.05.
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Table 3. Frequency distribution of ARI scores

ARI score C0.5 C1 L0.5 L1

0 2 (20%) 3 (30%) 0 (0%) 0 (0%)

1 6 (60%) 5 (50%) 1 (10%) 0 (0%)

2 2 (20%) 2 (20%) 6 (60%) 6 (60%)

3 0 (0%) 0 (0%) 3 (30%) 4 (40%)

Discussion
Limited removal methods of laminate veneers are available. The traditional method 
is by grinding the restoration which is time consuming, destructive for both the res-
toration and tooth structure7. Other method by using mechanical force may demand 
high valued shearing force to debond which would lead to pain and even enamel frac-
ture6. Therefore, the use of lasers have been developed to be employed as a valuable 
choice specially when intact removal of ceramic restorations is required.

The aim of the present study was to assess the Er,Cr:YSSG laser applied with 
selected laser parameters, as a conservative and alternative technique for veneer 
debonding of different thicknesses luted by total etch adhesive resin. The idea 
behind this method of veneer debonding came from its ancestors ‘the Laser assisted 
debonding of ceramic brackets’ that has gained a great popularity and success in  
clinical practice8-10.

In this study, bovine permanent mandibular incisors instead of human permanent 
incisors were utilized because they possess a suitable large flat labial surfaces that 
ensure optimal adaptation of the ceramic discs to the tooth surface and also its easy 
availability. This may be considered a limitation that must be taken into account, but 
Yassen et al.19 (2011) in there literature review had shown similarities between bovine 
and human dental anatomy and histology, and especially similar behaviors in relation 
to the adhesion technique. Er,Cr:YSSG laser was used in the current study since it 
causes fewer thermal effect compared to other lasers like Nd:YAG or CO2 lasers20 and 
its large presence in the dental clinics because of their wide application area in hard 
and soft tissue procedures. It also emitts a wavelength of 2780 nm and can therefore 
be effectively absorbed by water and residual monomer present in adhesive resins21. 
The laser parameters were the same as in Phillips study16 (2012) who considered 
this parameters to be the safest for pulpal health. During the use of Er,Cr:YSSG laser 
in other applications like surgical procedures, cavity preparation etc., the laser light 
should be kept away from the adhesively cemented fixed restoration as it lowers its 
bond to the underlying tooth structure. 

In general, several precautions should be followed for safety use of laser in dentistry. 
The dental operating area should have warning signs and limited access during the 
laser treatment. The operator should be well trained to use the laser device. The 
operator, patient and the surgical team should wear protective eyewear so that any 
direct or reflected laser light or energy doesn’t cause ocular damage22. Reflective 
instruments and those with mirrored surfaces should be avoided since they can 
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cause damage to non-target tissues. Infection protocol should be followed. The 
smoke or vapor produced during the laser treatment should be evacuated using 
high volume suction23.

According to the results of our study, there was a significant decrease in the shear 
bond strength after the application of laser for the two ceramic thicknesses com-
pared to the control groups. Therefore, the first null hypotheses was rejected. This 
may be due the action of laser on the resin cement. During laser irradiation, laser 
energy is transmitted throughout the ceramic veneer. Then, the remaining transmitted 
energy is absorbed by the resin cement. Tocchio et al.24 (1993) revealed that debond-
ing of ceramic brackets takes place due to the degradation of the resin cement. They 
explained this phenomena by three different mechanisms: thermal softening, thermal 
ablation, and photoablation. In thermal softening, the laser is applied until the bond-
ing agent becomes warm and flows on the tooth surface. Thermal ablation occurs 
when the temperature increases in the adhesive resin until evaporation and “blow 
off” of the veneer occurs. In photoablation, the energy between the bonding resin 
atoms increases fast and results in decomposition of the material8. The Er,Cr:YSSG 
laser debonding technique using the scanning technique utilized in the current study 
didn’t cause “blow off” that may suggest photoablation or thermal ablation. However, 
when the target chromophore is methacrylate of the resin cement, it would be log-
ical to suggest that there is a physical interruption of the resin cement rather than 
only thermal softening. This is in agreement with Oztoprak et al.9 (2010). Also “ther-
mal ablation” and “photo-ablation” of luting cements have been suggested to be the 
major mechanism for debonding of all-ceramic restorations21. Photoablation and 
thermal ablation happen when a very high‑energy laser light reacts with the luting 
resin, inducing it to deteriorate25. Whereas in our study, low laser energy was used and 
no blow off occurs, so thermal softening with physical interruption was the possible 
debonding mechanism.

Many studies have also got comparable results of decreasing in shear bond strength 
after the laser application despite of using different types of lasers, ceramic materials, 
luting agent and other experimental conditions13,21,26. 

There are few studies available investigating the effect of thickness of lithium disilicate 
veneer material on shear bond strength when exposed to Er,Cr:YSSG laser. Accord-
ing to our results, ceramic discs with greater thickness required higher shear bond 
strength for debonding. This came in agreement with other studies. Yilmaz et al.1 

(2019) used 120 IPS Empress II discs of three different thicknesses (0.5 mm , 1 mm, 2 
mm) and found that during laser debonding, the 2 mm discs needed more debonding 
force than the 1 mm and 0.5 mm and that all the 0.5 mm discs were debonded with-
out any external load during the laser exposure. Giraldo Cifuentes et al.27 (2020) tested 
four different thicknesses (0.4 mm, 0.8 mm, 1.2 mm and 1.6 mm) and concluded that 
the thicker veneers demonstrated greater resistance to debonding than the thinner 
ones. This can be explained that the thickness may affect the amount of the laser 
transmission that reach the resin cement and ablate it. Sari et al.28 (2014) stated that 
the Er:YAG laser energy transferred throughout the ceramic material reduced with 
increasing thickness of the ceramic sample. While Azzat4 (2018) in his case report 
concluded that the ceramic composition and thickness has an effect on the amount of 
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erbium laser energy transmission, which in turn affected on the debonding strength. 
In the present study, there was a positive correlation between the ceramic thickness 
and shear bond strength but without significant difference, therefore the second null 
hypothesis was accepted as the ceramic thickness didn’t have a significant effect on 
decreasing the shear bond strength required for debonding.

The ARI index is an important indicator for the position of ceramic-adhesive debond-
ing site and for estimation of the probability of enamel damage after debonding29. 
The closer the debonding interface is to the enamel, the greater is the risk for enamel 
damage8. In the current study, higher ARI scores were seen in the laser groups 
(L0.5, L1) in comparison to the control groups (C0.5,C1). As most of the speci-
mens in the laser groups had a ARI score of 2 and 3, this means that the majority 
of the adhesive remained on the tooth and the risk of enamel damage decreased. 
During laser irradiation, the laser softens the superficial layer of the resin cement 
while it is hot, in addition as it cools decomposition of the resin cement might 
occur, therefore the adhesive cement is not as strong as previously and the major-
ity of the cement remained adhered to the tooth surface9. However, in the control 
groups (C0.5,C1) most of the specimens were of 0 and 1 ARI score which indi-
cates that the site of debonding was closer to the enamel and the risk of enamel  
damage increased. 

The present results illustrated that laser-assisted debonding of ceramic veneers can 
reduce the frequency of occurrence of the debonding site at the enamel-adhesive 
interface and therefore reduce enamel harm. These results was in agreement with 
previous studies 8,9.

In conclusion, Er,Cr:YSGG laser can be evaluated as a valid and conservative method 
in ceramic veneer debonding. The application of the Er,Cr:YSGG laser using the 
parameters of the current study may be useful in removing lithium disilicate ceramic 
veneers, avoiding their damage, and protecting the enamel.
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