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Abstract: Background: Durable adhesion to glass-ceramic materials such as Lithium dis- 23 
ilicate relies on effective surface conditioning strategies involving etching, silanization, 24 
and adhesive application. While conventional multi-step protocols have demonstrated re- 25 
liable bonding performance, simplified systems have been introduced to reduce clinical 26 
complexity. However, their impact on long-term adhesive interface stability and re- 27 
sistance to degradation remains a subject of investigation. Objective: This study aimed to 28 
evaluate the immediate and long-term shear bond strength (SBS) and interfacial durability 29 
of resin cement bonded to lithium disilicate using different conventional and simplified 30 
surface treatment protocols. Methods: Forty lithium disilicate cylinders (IPS e.max Press) 31 
were randomly assigned to four groups (n = 10): HSil (5% hydrofluoric acid etching + 32 
separate silane application (Bisco, Schaumburg, IL, USA)), HSBU (hydrofluoric acid + Sin- 33 
gle Bond Universal adhesive), HCFU (hydrofluoric acid + Clearfil Universal Bond adhe- 34 
sive), and MBEP (self-etching primer Monobond Etch & Prime). Resin cement (Choice 2) 35 
was applied following surface treatment. Half of the specimens were tested after 24 h of 36 
water storage, and the remaining half after six months. Shear bond strength (SBS) was 37 
measured using a universal testing machine, and failure modes were analyzed. Statistical 38 
analysis was performed using two-way analysis of variance (ANOVA) (α = 0.05). Results: 39 
After 24 h, the HSil group exhibited the highest mean SBS (29.29 ± 4.40 MPa), whereas the 40 
MBEP group showed the lowest values (21.39 ± 5.54 MPa). After six months, the HSBU 41 
group demonstrated the highest SBS (22.87 ± 10.38 MPa), while the HCFU group pre- 42 
sented the lowest values (15.89 ± 7.15 MPa). No statistically significant differences were 43 
observed among groups at either time point (p ≥ 0.159), and no significant reduction in 44 
bond strength was detected after aging (p ≥ 0.079). Failure mode analysis revealed a pre- 45 
dominance of adhesive failures across all groups. Conclusions: Surface treatment strategy 46 



 

 

influences the bonding performance between resin cement and lithium disilicate ceramics. 47 
Simplified protocols, particularly self-etching primers such as Monobond Etch & Prime, 48 
demonstrated bonding performance comparable to conventional approaches without 49 
compromising short- or medium-term stability. From an adhesive interface perspective, 50 
these findings support the clinical potential of simplified protocols while highlighting the 51 
need for further long-term investigations into interfacial degradation mechanisms. 52 

Keywords: adhesive force, cementation, lithium disilicate, metals, Monobond Etch and 53 
prime, shear, universal adhesive. 54 

1. Introduction 55 

 Dental ceramics are widely recognized for their bioinert properties and biocompati- 56 
bility in the oral environment. The metal-ceramic bond, a well-established material bond, 57 
has been utilized in dental crowns and bridges for over 40 years. The increasing demand 58 
for natural-looking and aesthetically pleasing smiles has led to a greater use of all-ceramic 59 
materials for indirect restorations [1–3]. Among these materials, lithium disilicate (LD) 60 
reinforced glass ceramic is one of the most popular [4]. This ceramic system is available in 61 
forms that are either pressed (IPS e.max® Press, Ivoclar Vivadent, Schaan, Liechtenstein) 62 
or milled (IPS e.max® CAD, Ivoclar Vivadent, Schaan, Liechtenstein) using Computer- 63 
Aided Design and Computer-Aided Manufacturing systems [5]. Lithium disilicate is char- 64 
acterized by a silica glass matrix embedded with lithium oxide (Li2O) crystals, resulting 65 
in a material that boasts exceptional flexural strength, chemical stability, and biocompat- 66 
ibility [6]. 67 

 Achieving predictability in the cementation of ceramic restorations requires excellent 68 
mechanical-chemical surface preparation to ensure proper adhesion between the ceramic 69 
material and the dentin substrate [7]. This adhesion is facilitated by using adhesive sys- 70 
tems that bond both to the tooth and the ceramic surface. The process involves applying 71 
hydrofluoric (HF) acid followed by a silane compound. HF acid conditioning of the glass 72 
ceramic surface, followed by the application of silane, is often referred to as the "Gold 73 
Standard" in this context [8].  74 

 The conventional method of inner surface etching of glass ceramics followed by si- 75 
lanization has long been advocated to enhance adhesion, resistance, and durability within 76 
the ceramic-cement-tooth structure complex [9]. However, any lapse in correctly execut- 77 
ing these steps can jeopardize the long-term success of the restoration. Practitioners seek 78 
to streamline procedures without compromising restoration quality, prompting a desire 79 
for step reduction [10]. Presently, a universal adhesive system containing silane is com- 80 
mercially available, purportedly eliminating the need for a separate silane application step 81 
as per the manufacturer's instructions [8]. 82 

 Self-etching materials have been introduced for the surface treatment of glass-ce- 83 
ramic materials to simplify the clinical steps by combining the etching and silanization 84 
processes [11]. This approach is considered safer than the application of HF, as manipu- 85 
lating HF can expose clinicians and patients to potential risks, such as acid contact and 86 
biological damage to soft tissues [12]. Additionally, the self-etching silane primer helps 87 
preserve the glass phase of ceramic materials, improving mechanical performance [13]. 88 
This preservation enhances the maintenance of adequate adhesion between the restorative 89 
materials or dental substrate and the ceramic restorations [14]. 90 



 

 

 Indeed, while the conventional method utilizing HF and a silane coupling agent has 91 
proven effective for enhancing bond strength between porcelain restorations and tooth 92 
structure, ongoing research seeks to explore updated treatments that may further improve 93 
adhesion, particularly with materials like LD. Identifying alternative or supplementary 94 
techniques to enhance the bond strength of LD to resin cement remains a key area of in- 95 
terest and investigation in dental materials science. Therefore, the objective of this study 96 
was to assess the impact of various surface treatments on the shear bond strength (SBS) 97 
between a glass ceramic (LD) and a resin cement. The null hypotheses tested were: (1) 98 
there is no difference in the SBS resulting from different surface treatment protocols, and 99 
(2) water storage time does not affect the bond strength produced by the different proto- 100 
cols. 101 

2. Materials and Methods 102 

2.1. Experimental design 103 
 104 
In this study, the bond strength of a resin cement to lithium disilicate ceramic was 105 

evaluated according to the following factors: (1) surface protocol on four levels: hydroflu- 106 
oric acid + silane, hydrofluoric acid + Single Bond Universal, hydrofluoric acid + Clearfil 107 
Universal Bond, and Mono Bond Etch&Prime (MEP); and aging at two levels: 24 h and 6 108 
months. The sample size was calculated based on a similar study [15] considering a com- 109 
parative study of 4 independent groups, a minimum detectable difference of 5, a standard 110 
deviation of 2, a power of 80% and a type I error of 5%. The materials used and composi- 111 
tion are summarized in Table 1. 112 

 113 
Table 1. Materials used in this study. 114 
 115 

Name (Manufacturer) Composition 

IPS e.max Press (Ivoclar Vivadent) 
Lithium disilicate–reinforced 
pressable glass-ceramic. 

Porcelain Etchant (Bisco) 9.5% Buffered Hydrofluoric Acid Gel. 
Porcelain Primer (Silane primer,  
Bisco) 

Ethanol, acetone, silane 

Single Bond Universal (3M ESPE) 

2-hydroxyethyl methacrylate,  Bisphenol a diglycidyl ether 
Dimethacrylate, 2-propenoic acid, 2-methyl-, reaction Products with 
1,10-decanediol and 
Phosphorous oxide, Ethanol, Water, 2-propenoic acid, 2-methyl-, 3- 
(trimethoxysilyl)propyl ester, reaction 
Products with vitreous silica, Copolymer of acrylic and itaconic acid, 
Camphorquinone,  
Dimethylaminobenzoat(-4), (dimethylamino)ethyl methacrylate 

Clearfil Universal Bond (Kuraray) 

bisphenol A diglycidylmethacrylate, 
ethanol, 2-hydroxyethyl methacrylate, 10-Methacryloyloxydecyl 
dihydrogen phosphate, Hydrophilic amide monomers, Colloidal silica, 
Silane coupling agent, Sodium fluoride, dl-Camphorquninone, water. 

Monobond Etch&Prime (Ivoclar 
Vivadent) 

Butanol, tetrabutylammonium dihydrogen trifluoride, methacrylated 
phosphoric acid ester, Bis(triethoxysilyl)ethane. 

 116 
 117 
2.2. Sample preparation and shear bond strength 118 

 Forty cylindrical wax-ups (5 mm in diameter and 2 mm in height) were created and 119 
invested using Empress 2 speed investment material (Ivoclar Vivadent). The preheating 120 
cycle was conducted at 850°C for 60 minutes. The molds were then transferred to the 121 

hbuyukbayram
Yapışkan Not
Liityum disilikat (LD) seramiğine bağlı  malmezlerin bağlanma durumlarına ve suyun etkisine bakmış. Maksimum bağ dayanımına farklılıklara bakılıyor.



 

 

furnace, where they were press-filled with IPS e.max® Press ingot material at 915°C for 122 
20 minutes. After divesting, the ceramic cylinders were embedded in PVC tubes with self- 123 
curing acrylic resin, ensuring that the lithium disilicate surfaces remained exposed. Once 124 
embedded, the exposed lithium disilicate surfaces were polished with 600-grit silicon car- 125 
bide sandpaper to standardize them. 126 

 The samples were randomly divided into 4 experimental groups according to the 127 
surface treatment (n=10): 1. HA+Silane Group: The surface was etched for 20 s with hy- 128 
drofluoric acid (Porcelain Etchant, Bisco, Illinois, USA). Subsequently, the acid was re- 129 
moved with a water jet, and the specimens were placed in an ultrasonic bath for 5 130 
minutes to eliminate the hexafluorosilicates formed. Subsequently, the surface was dried 131 
with air, followed by the application of a layer of silane (Silane, Porcelain Primer, Bisco, 132 
Schaumburg, IL, USA) with a microbrush, and allowed to dry for 5 minutes. 2. HASBU 133 
group: The surface was etched with hydrofluoric acid using the same procedure as in 134 
the Group 1. After etching, a layer of Single Bond Universal adhesive (3M ESPE, St. Paul, 135 
USA) was placed and rubbed on the surface for 10 seconds. Excess solvent was removed 136 
using a blast of air for 5 seconds. 3. HACFU group: The surface was etched with hydro- 137 
fluoric acid using the same procedure as in the Group 1. After etching, a layer of Clearfil 138 
Universal adhesive (Kuraray, Tokyo, Japan) was placed and rubbed on the surface for 10 139 
seconds. Excess solvent was removed using a blast of air for 5 seconds. 4. MEP Group: A 140 
layer of MEP (Ivoclar-Vivadent, Schaan, Liechtenstein) was applied and rubbed on the 141 
surface for 20 seconds. The material was allowed to react for another 40 seconds. The 142 
material was then rinsed completely with a stream of water and air. Finally, the surface 143 
was dried using a blast of air for 10 seconds.  144 

 Once the surface treatment was carried out, a cylindrical silicone addition matrix 145 
with 2 holes of 1.5 mm internal diameter was placed on the surface of the ceramic and for 146 
the HASBU and HACFE groups the adhesive layer was photopolymerized for 20 s. Then, 147 
the holes were filled with Choice 2 resin cement (Bisco, Illinois, USA) and light-cured for 148 
20 seconds with a light-curing unit (VEGA light-curing unit (Dentac, Istanbul, Turkey)) 149 
with an intensity of 1000 mW/cm2. After photopolymerization, the silicone matrix was 150 
removed to expose two cylinders of resinous cement bonded to the ceramic surface. 151 

 Half of the samples were stored in distilled water at 37°C for 24 h, while the remain- 152 
ing samples were kept in distilled water for 6 months. Following storage, all samples un- 153 
derwent a shear bond strength test using a universal mechanical testing machine (Instron 154 
1165, Massachusetts, USA) with a crosshead speed of 1.0 mm/min. The bond strength, 155 
expressed in MPa, was calculated by dividing the applied load (in Newtons) by the inter- 156 
face area of the bond (in mm²). After the shear test, the bond surfaces were examined 157 
under a stereomicroscope to identify the modes of failure: adhesive, cohesive, or mixed. 158 
All observations were recorded by a single observer. 159 

2.3. Statistical analysis 160 

 Statistical analyses were conducted using Sigma Plot 12.0 software. The data were 161 
evaluated for normal distribution and variance homogeneity. A two-way analysis of var- 162 
iance (ANOVA) was used to assess the effects of surface treatment protocols and storage 163 
duration on shear bond strength. The significance level for all tests was set at α < 0.05. 164 

3. Results 165 

 166 

hbuyukbayram
Metinle İlgili Yorum Yap
Yüzey işlemleri tamamlandıktan sonra, yüzeye 2 adet 1.5 mm iç çaplı silindirik silikon ilave matriks yerleştirilmiştir. HASBU ve HACFE gruplarında adeziv tabaka 20 saniye ışıkla polimerize edilmiştir. Daha sonra boşluklar Choice 2 rezin siman (Bisco, Illinois, ABD) ile doldurulmuş ve 1000 mW/cm² ışık şiddetine sahip ışık cihazı (VEGA light-curing unit, Dentac, İstanbul, Türkiye) ile 20 saniye polimerize edilmiştir.



 

 

Table 2 and Figure 1 shows the shear bond strength values of the different surface 167 
protocols evaluated, both at 24 h and at 6 months. At 24 h, the highest value was for the 168 
HA+Silane group (29.29 ± 4.40), while the lowest value was for the group where MEP was 169 
applied (21.39 ± 5.54). The statistical analysis revealed that there are no statistically signif- 170 
icant differences between the groups (p ≥ 0.228).  171 

 172 
  Table 2. Shear bond strength of the different lithium disilicate adhesion protocols.  173 

 174 
Surface treatment 

protocol 
Shear bond strength 

24 h (Mean ± SD) 6 months (Mean ± SD) 
Monobond® Etch & Prime 21.39 (5.54) 19.00 (5.0) 
SingleBond™ Universal 23.50 (6.0) 22.87 (10.38) 
CLEARFIL™ Universal 21.00 (6.5) 15.89 (7.15) 
HA + Silane 29.29 (4.40) 20.00 (6.0) 
There were not statistically significant differences in any of the possible comparisons (p>0.05). 

 175 

 176 
 177 

Figure 1. Shear bond strength of different surface treatment protocols after 24h and 6 months of 178 
storage. 179 

 180 
 181 
After 6 months of aging, the highest shear bond strength was observed in the Single 182 

Bond™ Universal group (22.87 ± 10.38), while the lowest was in the Clearfil™ Universal 183 
group (15.89 ± 7.15). Statistical analysis indicated no significant differences between the 184 
groups (p ≥ 0.159). Additionally, none of the materials exhibited a statistically significant 185 
decrease in bond strength after 6 months of storage (p ≥ 0.079). 186 

 187 
Figure 2 shows the percentages of the failure mode distribution observed after the 188 

shear bond strength test at 24 h storage. The HSBU (Single Bond Universal), HCFU (Clear- 189 
fil Universal Bond), and MEP groups had a predominance of adhesive failures (Figure 3). 190 
The failure mode after 6 months of storage was adhesive type for all groups. 191 

 192 



 

 

 193 

Figure 2. Failure mode distribution after bond strength test after 24 h of storage. The failure mode 194 
after 6 months of storage was adhesive type for all groups. 195 

 196 

 197 
 198 

Figure 3. Representative image of an adhesive (left) and cohesive (right) failure mode. 199 

 200 
 201 

4. Discussion 202 

 The SBS test stands out as the optimal methodology for assessing bond strength, par- 203 
ticularly applicable to fragile materials including glass ceramics and enamel. Unlike other 204 
methods, it does not necessitate the sectioning of specimens. This is fundamental, as sec- 205 
tioning such brittle materials for microtensile bond strength tests frequently leads to a 206 
major occurrence of cohesive failures [16,17]. Resin bonding necessitates several pre-treat- 207 
ment steps on the intaglio surface of the restoration to establish a close bond between the 208 
ceramic surface and the luting agent. In contrast, the traditional surface treatment protocol 209 
for glass ceramics, encompassing feldspathic, leucite-enhanced, and LD materials, in- 210 
volves HF etching followed by the application of a silane coupling agent [18]. The current 211 
research accepted the null hypothesis, as the bond strength of LD to resin cement re- 212 
mained unaffected by both the surface treatment and aging time. 213 



 

 

 After 24 h, the results indicated that the HSil (hydrofluoric acid + silane) group had 214 
the highest mean shear bond strength (29.29 ± 4.40), whereas the MEP group exhibited the 215 
lowest mean value (21.39 ± 5.54). Despite these differences, no statistically significant var- 216 
iation was observed among the groups. The high bond strength in the HSil group could 217 
be attributed to the application of silane without additional adhesive, which might en- 218 
hance the bonding by HF’s ability to create micro-retentions on the ceramic surface, facil- 219 
itating the flow of resin cement [19–21]. The effectiveness of the silane agent may be due 220 
to its formation of three-dimensional siloxane bonds between hydroxyl groups (-OH) in 221 
the silica-based ceramic and methacrylate groups in both the adhesive and resin cement 222 
[22]. 223 

Hydrofluoric acid (5–10%) is commonly used to treat the inner surface of ceramic 224 
restorations. It partially dissolves the ceramic glass matrix, exposing the crystalline struc- 225 
ture and promoting mechanical interlocking between the ceramic and resin cement. With- 226 
out silane treatment, the bond strength of lithium disilicate relies on micromechanical re- 227 
tention created by HF etching. The application of silane improves the chemical bond be- 228 
tween lithium disilicate and resin cement, thereby enhancing bonding strength. The study 229 
suggests that the micromechanical retention resulting from HF etching plays a more crit- 230 
ical role in bond strength than the chemical bonding provided by silane. Therefore, HF 231 
pretreatment may be essential for optimizing the bonding potential of ceramic restora- 232 
tions [23]. 233 

For both the HSBU and HCFU groups, the quantity of silane present in the tested 234 
universal adhesives may not be sufficient to achieve the same effect as when applied sep- 235 
arately prior to the universal adhesive, potentially resulting in higher bond strength [24]. 236 
Consequently, the findings of this study advocate for the independent application of 237 
silane, irrespective of its presence within the universal adhesive solution. Similar conclu- 238 
sions were drawn in the study by Kavalacharla et al., where they highlighted that apply- 239 
ing silane before the universal adhesive led to superior bond strength. Moreover, they 240 
recommended extending the etching time from 20 to 60 seconds if silane application is 241 
omitted, as adhesion to the ceramic surface then solely relies on the micromechanical re- 242 
tention facilitated by HF etching [22]. According to the manufacturer's recommendations, 243 
separate primers for adhesion to silicate ceramics are not required when using Clearfil 244 
Universal Bond and Single Bond Universal– all of which are universal adhesives included 245 
in this study. However, findings from a previous meta-analysis indicated that the silane 246 
incorporated within universal adhesives may not be as effective as a silane coupling agent 247 
applied independently in optimizing the bond between ceramic and resin cement [8]. This 248 
was in agreement with the finding of this in vitro study. 249 

 The reduced efficacy of universal adhesives when utilized as ceramic primers may 250 
be attributed to the limited stability of the silane coupling agent within the acidic aqueous 251 
adhesive solution. In the presence of water, the silane groups (triethoxysilane) undergo 252 
hydrolysis, converting into silanol groups (silanol), which can adhere to and chemically 253 
bond with glass surfaces [25]. Subsequently, the silanol groups may undergo dehydrox- 254 
ylation and condensation to form siloxane oligomers that lose their ability to bond with 255 
glass [26]. Additionally, it has been observed that interactions between the various mon- 256 
omers present in the universal adhesive may impact the silane's ability to couple with 257 
silica. For instance, the presence of Bisphenol A diglycidyl methacrylate (BisGMA) can 258 
inhibit the condensation reaction between the silanol group and the substrate [27]. Re- 259 
garding the HF concentration utilized in this investigation (9.5%) compared to the manu- 260 
facturer's recommended concentration (5%), no significant disparity in bond strength or 261 
surface morphology could be discerned when applied for 20 seconds [28]. 262 



 

 

 In addition, it has been demonstrated that combining non-silane-containing univer- 263 
sal adhesives with silane can result in higher bond strength compared to using universal 264 
adhesives alone. This phenomenon may occur because the acidic monomer 10- MDP pre- 265 
sent in universal adhesives can bond to metals and neutralize silane, rendering it unstable 266 
over time [29]. Therefore, it can be concluded that using silane primers independently 267 
after HF treatment is more effective than relying solely on silane-containing universal ad- 268 
hesives. 269 

 Adding to the aforementioned findings, after 24 h of water storage, the MEP group 270 
displayed the lowest bond strength, prompting consideration of adjusting the application 271 
time of the one-step self-etching ceramic primer to enhance the mechanical performance 272 
of LD restorations. This variation in application time could influence the introduction of 273 
surface defects, with potential dichotomous consequences. On one hand, a longer etching 274 
time may lead to additional defects that are subsequently filled in by the resin cement, 275 
resulting in improved stress distribution and reduced failure probability. Conversely, an 276 
increased number, size, or shape of defects may hinder resin cement penetration, compro- 277 
mising bonding and increasing the risk of failure and poor mechanical performance [18]. 278 
MEP, comprising tetrabutylammonium dihydrogen trifluoride, trimethoxypropyl meth- 279 
acrylate (silane), and methacrylated phosphoric acid ester, serves as the ceramic primer 280 
[30]. Various fluoride sources have been explored for ceramic etching, including acidu- 281 
lated phosphate fluoride, titanium tetrafluoride, and ammonium bifluoride [31]. Tetrabu- 282 
tylammonium dihydrogen trifluoride in MEP, derived from ammonium bifluoride (ABF), 283 
offers a less toxic and hazardous alternative to HF [32]. Research indicates that ABF pro- 284 
duces etching patterns similar to HF but with lower toxicity and hazard levels. While ABF 285 
demonstrated greater efficacy on Dicor castable glass ceramic than HF [15], etching cur- 286 
rent glass-matrix ceramics with HF yielded higher mean tensile bond strengths compared 287 
to ABF [33]. This aligns with the study findings, given MEP's inclusion of ammonium 288 
fluoride. 289 

 After 6 months, the highest bond strength was recorded in the Singlebond™ Univer- 290 
sal group (22.87 ± 10.38), whereas the lowest was observed in the Clearfil™ Universal 291 
group (15.89 ± 7.15). Statistical analysis revealed no statistically significant differ- 292 
encesamong the groups (p ≥ 0.159). The Scotchbond Universal adhesives incorporate hy- 293 
drophilic monomers and solvents in their composition, potentially enhancing water sorp- 294 
tion and plasticization of the adhesive interface [34]. Conversely, in the absence of adhe- 295 
sive usage, adequate wetting of the etched ceramic surface by the hydrophobic resin ce- 296 
mentation material could promote better bond maturation even after water immersion, 297 
thus slowing down degradation via water absorption [24]. 298 

 Furthermore, in this study, Clearfil Universal demonstrated relatively lower bond- 299 
ing strengths compared to Singlebond Universal, consistent with previous findings. This 300 
disparity in bond strengths between the two adhesives could be attributed to the ambigu- 301 
ity surrounding their compositions, ratios, and concentrations. Singlebond Universal con- 302 
tains polyalkenoic acid copolymers (Vitrebond copolymer; 3M ESPE), known to enhance 303 
bond strengths [35]. On the other hand, Clearfil Universal incorporates colloidal silica as 304 
a filler to achieve appropriate resin thickness and viscosity. However, this addition may 305 
lead to reduced adhesive layer flow, localized adhesive concentration, and void for- 306 
mation, potentially compromising bonding strength and the efficacy of silane in the Clear- 307 
fil Universal group [36]. Consequently, the hypothesis that additional silane application 308 
would not impact the effectiveness of silane-containing universal adhesives is refuted. An 309 
additional silane application must be a need for universal adhesive when bonding LD to 310 
resin cements. 311 



 

 

 Regarding the distribution of failure modes observed after the SBS test at 24 h of 312 
storage, this can be attributed to various factors. The HSBU (Single Bond Universal), 313 
HCFU (Clearfil Universal Bond), and MEP (Monobond Etch & Prime) groups exhibited a 314 
predominance of adhesive failures (Figure 3). However, after 6 months of storage, the 315 
predominant failure mode for all groups was adhesive type. These results suggest that the 316 
failure occurred at the interface between the ceramic and the adhesive, rather than within 317 
the ceramic, adhesive, or the resin cement itself. Aging of bonded interfaces, especially in 318 
a moist environment like the oral cavity, can lead to hydrolytic degradation of the adhe- 319 
sive layer [37]. Water can penetrate the adhesive interface, causing hydrolysis of the silane 320 
coupling agents and resin matrix, leading to a reduction in bond strength over time [38]. 321 
The consistent finding of adhesive failures after 6 months indicates that the interface 322 
weakened over time due to these degradative processes. Despite no significant decrease 323 
in bond strength after 6 months, the mode of failure suggests that the bond may not be 324 
robust enough for longer-term performance without further optimization. Clinicians 325 
should be aware of these potential issues and consider additional measures, such as en- 326 
hanced surface treatments or the use of more durable adhesives, to ensure long-term suc- 327 
cess of ceramic restorations. 328 

 329 

5. Conclusions 330 

 In conclusion, the findings of this study suggest that while specific surface treat- 331 
ments may initially influence the bond strength between glass ceramic and resin cement, 332 
the long-term stability of these bonds is comparable across different treatment methods. 333 
This provides clinicians with multiple effective options for surface treatment in the ce- 334 
mentation of ceramic restorations, contributing to better outcomes and enhanced safety in 335 
dental practice. 336 
 337 
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