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ABSTRACT 

Objective: The aim of this study is to evaluate the effects of Er,Cr:YSGG laser debonding on the 

mechanical properties of aged and non-aged lithium disilicate ceramics. 

Materials and Methods: A total of 36 lithium disilicate samples with dimensions of 14x4x1 mm were 

prepared. Half of the samples underwent 5000 thermal cycles to simulate artificial aging. The aged and 

non-aged samples were divided into two subgroups: one subgroup was designated as the control group 

and did not receive laser treatment, while the other subgroup was treated with Er, Cr:YSGG laser for 

debonding (n=9). The flexural strength and modulus of the lithium disilicate samples were assessed 

using three-point bending tests before and after artificial aging. The surface roughness of a sample that 

did not undergo the three-point bending test was measured with AFM, its microhardness was assessed 

using the Vickers hardness test, and surface morphology was examined with FESEM. Two-way ANOVA 

and Bonferroni correction to determine the significance of the results were used for statistical analysis. 

Results: The results indicated that aging significantly reduced the flexural strength (p=0.031), however, 

laser debonding did not have a significant effect on the flexural strength or elastic modulus of either 

aged or non-aged samples. Aged groups had higher roughness. No fractures or microcracks were 

observed in any group in FESEM analysis. 

Conclusion: Laser debonding effectively removes lithium disilicate restorations without compromising 

their mechanical properties, supporting their reuse in clinical practice. It is important to note that aging 

reduces the flexural strength of lithium disilicate ceramics. 
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INTRODUCTION 

 

The biocompatibility, durability, and aesthetic appeal of all-ceramic restorations have made them 

popular in recent years (1). Failure to position an aesthetic restoration during cementation may occur and the 

restoration may require immediate debonding. Furthermore, during their use, they may require removal due 

to external damage, caries, marginal integrity problems, microleakage, or the need for endodontic treatment 

(2). However, since all-ceramic restorations are often cemented with adhesive cement, debonding them is time-

consuming and difficult (3). The traditional method for removing ceramic restorations involves sectioning the 

material using rotary tools and burs made of diamond or tungsten carbide. This conventional removal 

technique compromises the integrity of the restoration and is inconvenient. Additionally, the prolonged 

extraction process may cause damage to the underlying natural tooth (4,5). 

Lasers can be used for many purposes in dentistry (6-8), and have been investigated as a potential 

alternative technique, particularly for the removal of ceramic appliances from natural teeth (2-5).  Erbium 

lasers may especially absorb water molecules and excess monomers in luting cement, penetrating all ceramic 

materials. This absorption causes the cement to debond and these molecules to evaporate (2). 

In a study, enamel was evaluated after debonding with the Er,Cr:YSGG laser and concluded that the 

Er,Cr:YSGG laser is effective in debonding the restorations without causing harmful effects on the enamel (9). 

In addition, previous studies (10-13) using SEM analysis after debonding with an Er,Cr:YSGG laser found no 

major irregularities or cracks in lithium disilicate ceramics. Since no fractures occurred in the restorations 

during the process, it was concluded that the restorations could be reused. However, surface roughness and 

surface hardness were not investigated. 

Although studies (10-13) have shown that all-ceramic prostheses removed with Er,Cr:YSGG lasers can 

be reused, the literature does not indicate how the mechanical properties of lithium disilicate ceramics are 

affected by laser application. Additionally, it is unclear how laser treatment impacts lithium disilicate ceramics 

after late-stage debonding. The aim of this study was to evaluate the effects of Er,Cr:YSGG laser debonding 

on the mechanical properties of both aged and nonaged lithium disilicate ceramics. This study hypothesizes 

that the Er,Cr:YSGG laser debonding process does not significantly affect the flexural strength (FS) and flexural 

modulus (FM) of both artificial aged and non-aged lithium disilicate ceramics. 

 

MATERIALS AND METHODS 

 

This study investigates the effect of laser treatment on lithium disilicate ceramics using a three-point 

bending test, conducted both before and after artificial aging. The sample size for the in vitro study was 

determined using Minitab software (Minitab 22, Minitab LLC, State College, PA), aiming for statistical power 

(beta) of 0.90 and a significance level (alpha) of 0.05, based on data from a previous study (7). The analysis 
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indicated that a three-point bending test should be conducted with eight samples for each of four study groups. 

Additionally, one extra sample per group was prepared for other analyses, resulting in a total of nine samples 

per group.  

 

Preparation of lithium disilicate samples 

Samples, each 1 mm thick, were cut from pre-crystallized lithium disilicate blocks (IPS e.max CAD, 

Ivoclar Vivadent, Schaan Liechtenstein) using a precision cutting tool. These samples were then divided into 

three parts, creating samples with dimensions of 14x4x1 mm (n=36). To achieve the final strength and aesthetic 

qualities, the pre-crystallized samples were subjected to the crystallization process in a ceramic furnace 

(Programat EP 510, Ivoclar Vivadent). After crystallization, the samples were cooled to room temperature. The 

specimens were then polished using a cotton buffing wheel brush, and a fine layer of glazing material was 

applied with a smooth brush. Finally, the samples were fired on a furnace tray in accordance with the 

manufacturer's instructions. 

Half of the samples were subjected to 5000 thermal cycles (thermocycler, SD Mechatronik Thermocycler, 

Westerham, Germany with a dwell time of 30 s. 5000 cycles of artificial aging correspond to 6 months in in-

vivo conditions. 

The aged and non-aged samples were divided into two subgroups. The samples in the first subgroup 

received no treatment, while the samples in the second subgroup were subjected to Er,Cr:YSGG laser 

treatment. Details of all groups are provided in Table 1. 

In this study, an Er,Cr:YSGG laser with a wavelength of 2870 nm was used. The laser was applied for 

10 seconds at a power setting of 3.5 watts and a repetition rate of 10 Hz, utilizing an MZ6 quartz application 

tip with a diameter of 600 μm. Laser treatment were applied to the lithium disilicate samples from a non-

contact distance of 1 mm. The scanning method employed involved horizontal sweeping motions 

perpendicular to the surface (14). 

 

Table 1. Study groups 

 

Groups Subgroups Group name N 

Non-aged 
No laser applicated NANL 9 

Laser applicated NAL 9 

Aged 
No laser applicated ANL 9 

Laser applicated AL 9 
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Flexural strength and flexural modulus test 

One sample from each group was not subjected to mechanical test and was reserved for other analyses 

(AFM analysis, Vickers microhardness test and FESEM analysis). To assess flexural strength (σ), which 

represents the stress experienced by the material just before failure, and flexural modulus (E), which is the 

ratio of stress to strain during flexural deformation, the ceramics underwent a three-point bending test. FS was 

assessed using a universal testing machine (AG-X 50kN, Shimadzu, Kyoto, Japan) with a conventional three-

point bending test (Figure 1). Each specimen was placed with a 12 mm span between two supporting fixtures. 

A downward load was applied at a crosshead speed of 1 mm/min until the specimen failed.  

The following formulas were used: F represents the maximum load (N), L is the distance between 

supports (12 mm), w is the sample width, h is the sample thickness, and d in the second equation represents 

the average deviation of the linear section's overall slope. All these measurements were taken in millimetres 

using a digital caliper before the test. The Figure 1. displays the test diagram along with the definitions of these 

symbols. 

𝐹𝑙𝑒𝑥𝑢𝑟𝑎𝑙 𝑆𝑡𝑟𝑒𝑛𝑔𝑡ℎ (𝜎) = 3𝐹𝐿/𝑤ℎ2 

𝐹𝑙𝑒𝑥𝑢𝑟𝑎𝑙 𝑀𝑜𝑑𝑢𝑙𝑢𝑠 (𝐸) = 𝐿3𝐹/4𝑤ℎ3𝑑 

 

 

Figure 1. Diagram of the test design and definitions of the symbol of the formulas 

 

AFM (atomic force microscopy) analysis 

The surface topography was analyzed with an AFM. The surface roughness was measured 3 

times for each test group specimen by using an AFM (MultiMode VIII, Veeco Instruments, Plainview, 

USA) in non-contact mode. The scan sizes were 10×10 mm, and the scan rate was 1,001 Hz. 



  

 
 June 2024 25(2):97-108 

 

 

Meandros Medical and Dental Journal 

 doi: 10.69601/meandrosmdj.1523793 

 

101 

 

Vickers microhardness test 

Vickers hardness test was conducted on one sample from each group using a microhardness 

tester (EMCO Test Dura-scanKuchl, Austria) equipped with a diamond indenter. The tests were 

performed for 15 seconds at a force of 2.94 N. After measuring the indentation diagonals, the results 

were expressed in Vickers hardness units. The average of the three measured values was calculated and 

reported. 

 

FESEM (field emission scanning electron microscopy) analysis 

One specimen from each test group was placed on a metallic stub, coated with gold (Quorum Q150 RES, 

UK), and examined at a magnification of 2000x using a field emission scanning electron microscopy (Zeiss 

Gemini 500, Carl Zeiss, Oberkochen, Germany) to assess the surface morphology. 

 

Statistical analysis 

The data for FS and FM were confirmed to have a normal distribution and consistent homogeneity of 

variance using the Shapiro-Wilk and Levene tests. Two-way ANOVA and Bonferroni correction tests were 

used to analyze the data. (p=0.05, 95% confidence interval).  

 

RESULTS 

 

According to the results of the Two-way ANOVA test, the FS of lithium disilicate samples was 

significantly affected by aging, but was not significantly influenced by laser application or the interaction 

between these two factors (Table 2). Additionally, samples that underwent aging had lower FS. According to 

the results of the Two-Way ANOVA test, the FM of lithium disilicate samples was not significantly affected 

by aging, laser application, or their interaction (Table 3).  

 

Table 2. Mean ± standard deviations of FS data (N) and Two-way ANOVA results 

 

Process Artificial Aging 

 Aged (𝑥±𝑠𝑑) Non-aged (𝑥±𝑠𝑑) 

No Laser applicated 422.50±99.01 498.50±94.38 

Laser applicated 453.78±105.51 527.46±69.30 

Aging effect: F=5.174 p=0.031 Laser effect: F=0.838 p=0.368  

Aging * Laser effect: F=0.001 p=0.972 

                       x̄=mean, sd=standard deviations 
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Table 3. Mean ± standard deviations of FM data and Two-way ANOVA results 

 

Process Artificial Aging 

 Aged (x±sd) Non-aged (x±sd) 

No Laser applicated 65.32±6.88 66.26±7.26 

Laser applicated 69.26±7.04 66.99±7.70 

Aging effect: F=0.068 p=0.796 Laser effect:  F=0.833 p=0.369 

Aging * Laser effect: F=0.392 p=0.536 

                      x̄=mean, sd=standard deviations 

 

AFM results 

Representative AFM images of all groups are presented in Figure 2. The grain boundaries, where the 

grains are regularly distributed, were visible in the NANL group, with a Ra value of 3.25. In the NAL group, 

the grains were more irregularly distributed, with a Ra value of 10.88. The Ra values for the AL and ANL 

groups were 15.11 and 15.54, respectively. 

 

 

Figure 2. Representative AFM images of all groups 
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Vickers microhardness test results 

The Vickers microhardness test results and mean values are shown in Table 4. The AL group exhibited 

lower average microhardness values compared to the other groups. The remaining groups showed 

comparable outcomes. 

 

Table 4. Vickers microhardness measurement results and mean values 

 

 1 2 3 Mean 

NANL 627 630 603 620 

NAL 625 619 630 624.66 

ANL 633 627 625 628.33 

AL 596 593 598 595.66 

 

FESEM results 

Figure 3 represents the 2000x FESEM images of all groups. The FESEM studies did not reveal 

microfractures, microcracks, or fractures in any group. As expected, the laser-applied groups showed ablation 

craters. 

 

 

Figure 3. The 2000x FESEM images of all groups 
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DISCUSSION 

 

Immediate removal of restorations may be necessary in cases of malposition during the cementation 

process. However, it is more common to observe the need for restoration removal after a period of use, due to 

factors such as secondary caries, discoloration resulting from microleakage, the necessity for additional 

endodontic treatment, and sensitivity (2). The capacity to reuse the restoration under such circumstances offers 

a substantial advantage in terms of both time and cost efficiency. Previous studies have conducted mechanical 

tests to determine the feasibility of reusing materials after laser debonding with Er:YAG laser (8,15). However, 

to the best of the author’s knowledge no study in the literature has investigated the effect of Er,Cr:YSGG lasers 

on the FS of lithium disilicate ceramics, nor has any study evaluated the mechanical properties of aged samples 

following laser debonding. Therefore, this study aimed to evaluate the changes in the mechanical properties 

of both aged and non-aged lithium disilicate ceramics after debonding with an Er,Cr:YSGG laser. The results 

indicate that aging significantly reduces the FS of lithium disilicate ceramics. However, laser debonding 

treatment did not have a significant impact on the FS of the lithium disilicate ceramics material. Additionally, 

the FM of lithium disilicate ceramics was not significantly affected by either aging or laser debonding. 

Therefore, the null hypothesis of the study was partially accepted.  

Since ceramics are more brittle in tension than in compression, FS is a critical property for evaluating 

their resistance to deformation (16). It is also essential to determine the maximum force required to fracture a 

specimen of a given length (17). FS is commonly measured using three-point bending, four-point bending, and 

biaxial flexural tests, as outlined in ISO 6872 for dental ceramic materials. According to a literature (18) the 

dental researchers prefer the three-point bending test. This study evaluated the effect of laser debonding on 

the mechanical properties of aged and non-aged lithium disilicate ceramics using the three-point bending test. 

FS and FM values were then calculated based on the test results. 

Aging is a natural degradation process that affects the chemical and mechanical properties of materials 

over time. Long-term use in oral environment tests a material’s ability to withstand stress. Assessing the FS of 

ceramic materials immediately after sintering limits our understanding of their clinical performance. Aging is 

critical to assessing durability, and thermocycling is commonly used in studies to simulate long-term aging 

(19). This process accelerates material fatigue and degradation, potentially leading to failure. A previous study 

(13) demonstrated that there was no significant difference between a 5000-cycle thermocycling application and 

a 30000-cycle thermocycling application in terms of their effects on aging and that aging reduced the 

debonding time with Er:CR;YSGG laser. Consequently, this study applied a 5000-cycle artificial aging process. 

While some studies confirm that aging affects the FS of ceramic materials, its effect on lithium disilicate 

ceramics is still debated (20-22). While some researchers (20,21) have found that aging does not affect the FS 

of lithium disilicate ceramics, other researchers have reported that artificial aging reduces the FS of these 
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ceramics (22). The result of this study suggests that aging reduces the FS of the ceramics, regardless of laser 

application. 

Pulse energy (J) is computed as average power (W) divided by pulse repetition rate (Hz). Higher 

average power levels result in greater pulse energies, which assist in approaching the ablation thresholds of 

bonding cement, thus facilitating a speedier debonding process (13). The current investigation used a low 

pulse repetition rate and high average power following this equation. In particular, the Er,Cr:YSGG laser was 

run for 10 seconds at 3.5 W and 10 Hz at a distance of 1 mm. The primary objective of this study was to evaluate 

the changes in the mechanical properties of lithium disilicate ceramics material, after Er:Cr:YSGG laser 

debonding treatment, without the influence of cementation. To isolate the effects of the laser treatment, the 

ceramic samples were not bonded to dental tissue in any of the groups. 

Birand and Kurtulmuş Yılmaz (23) employed Er,Cr:YSGG lasers for the removal of zirconia crowns 

from titanium implant abutments and assessed the fracture resistance of the ceramics. They concluded that 

debonded 5Y-TZP zirconium crowns should not be reused due to a reduction in mechanical strength. This 

conclusion, however, does not align with the results of our study. In our research, a lower-power laser was 

utilized, and a different type of ceramic was evaluated. Furthermore, the test method used to evaluate the 

mechanical properties in our study differed from those in the previous study. 

Kurtulmuş Yılmaz et al. (7) roughened the intaglio surfaces of lithium disilicate ceramics using an 

Er,Cr:YSGG laser and found that low-energy laser application (2W) reduced the FS of lithium disilicate 

ceramics less than other roughening methods. Contrary to these findings, the results of our study indicate that 

lithium disilicate ceramics were not affected by laser application, even at high energy levels(3.5W) . This 

discrepancy may be attributed to the shorter duration time of laser application to the sample surfaces in this 

study. 

The fundamental mechanical characteristic of dental ceramics is hardness, which indicates resistance to 

indentation (24). According to Hallmann et al. (25), laser processing of hot-pressed lithium silicate ceramics 

will affect the hardness of ceramic samples. In our investigation, we found that the hardness of the dental 

ceramic material decreased only in the aged and laser-applicated samples following Er,Cr:YSGG laser 

treatment. There have been only a limited number of investigations (15,25)  into the mechanical properties of 

dental ceramic materials following laser treatment, and this study contributes to the body of knowledge in 

this area. 

When the FESEM results of this study were examined, no microcracks or fractures were found on the 

ceramic surface, and similar laser ablation craters were observed in the laser-applied samples. Salem et al. (20) 

found that IPS e.max CAD exhibited significant changes in surface roughness after thermocycling. These 

results are consistent with the findings of this study, where higher roughness was observed in aged samples. 
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Additionally, the Ra values of aged samples, both with and without laser application, are quite similar. These 

findings need to be corroborated by further studies. 

This laboratory study establishes an experimental basis for the reuse of Er,Cr:YSGG laser-debonded 

lithium disilicate ceramics, whether they are removed immediately after cementation or after intraoral use. It 

should be noted that this study was conducted in vitro and may not accurately represent in vivo conditions. 

The scope of the study was limited to evaluating a single type and thickness of dental ceramic. Furthermore, 

the study did not examine various laser parameters. Further clinical research is necessary to corroborate the 

findings of this investigation. 

 

CONCLUSION  

 

Within the limitations of this study, artificial aging significantly reduces the FS of lithium disilicate 

ceramics. Er,Cr:YSGG laser debonding does not affect the FS or FM of lithium disilicate ceramics. Restorations 

that need to be removed immediately after cementation may be reused following Er,Cr:YSGG laser debonding, 

as their mechanical properties remain unaffected. Aged restorations may be reused after Er,Cr:YSGG laser 

debonding; however, it should be noted that aging reduces the FS of the restoration. 
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