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Aim: The aim of this study is to investigate the effect of different composite resins and surface treatments 

on the repair strength of a resin matrix ceramic. 

Material and Methods: Sixty resin matrix ceramic samples were divided into three main groups based on 
the surface treatments (Diamond bur roughening, hydrofluoric acid roughening, no surface treatment). Each 

main group was further divided into two subgroups depending on the type of composite resin (Nanoceramic 

and nanohybrid composite resins) bonded. Shear bond strength testing was performed for all groups at a 
0.5 mm/min approach speed after thermal ageing. For all statistical comparisons in the study, p<0.05 was 

the level of statistical significance.   

Results: The results showed that the highest shear bond strength was obtained in the group that underwent 
hydrofluoric acid surface treatment and was bonded with nanoceramic composite (18.17±4.48 MPa). On 

the other hand, the lowest shear bond strength was observed in the nanohybrid group (3.64±0.9 MPa), 

which did not undergo any surface treatment. The group that underwent hydrofluoric acid roughening 
showed significantly higher shear bond strength than those without surface treatment and those roughened 

with a diamond bur. Additionally, the nanoceramic-bonded groups had significantly higher shear bond 

strength than the nanohybrid-bonded groups.   
Conclusions: Based on these findings, it can be concluded that resin matrix ceramics that are treated with 

hydrofluoric acid and bonded with nanoceramic provide better repair strength.  
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Amaç: Bu çalışmanın amacı, farklı kompozit rezinlerin ve yüzey işlemlerinin rezin matriks seramiğin tamir 

dayanımı üzerindeki etkisini araştırmaktadır. 

Gereç ve Yöntemler: Altmış rezin matriks seramik  örneği yüzey işlemlerine göre üç ana gruba ayrıldı 
(Elmas frezle pürüzlendirme, hidroflorik asitle pürüzlendirme, yüzey işlemi yok). Her ana grup ise  

bağlanan kompozit rezin tipine (Nanoseramik ve nanohibrit kompozit rezinler) bağlı olarak iki alt gruba 
ayrılmıştır. Termal yaşlandırma sonrasında tüm gruplara için 0,5 mm/dk yaklaşım hızında makaslama 

bağlanma dayanımı testi gerçekleştirilmiştir. Çalışmadaki tüm istatistiksel karşılaştırmalar için anlamlılık 

düzeyi p<0.05 olarak belirlenmiştir.  
Bulgular: En yüksek makaslama bağlanma dayanımının hidroflorik asit yüzey işlemi uygulanan ve 

nanoseramik kompozit ile bağlanan grupta elde edilmiştir (18,17±4,48 MPa). Öte yandan, en düşük 

makaslama bağlanma dayanımı ise herhangi bir yüzey işlemi uygulanmayan nanohibrit grubunda (3,64±0,9 
MPa) gözlenmiştir. Hidroflorik asitle pürüzlendirme yapılan grup, yüzey işlemi yapılmayanlara ve elmas 

frezle pürüzlendirilenlere göre istatistiksel olarak anlamlı dercede daha yüksek makaslama bağlanma 

mukavemeti göstermiştir. Ek olarak, nanoseramik bağlı gruplar nanohibrit bağlı gruplara göre istatistiksel 
olarak anlamlı ölçüde daha yüksek makaslama bağlanma dayanımına sahiptir.   

Sonuçlar: Bu bulgulara dayanarak, hidroflorik asit ile yüzey işlemi uygulanan ve nanoseramik kompozit 

rezin bağlanan rezin matriks seramiklerin daha iyi onarım gücü sağladığı sonucuna varılabilir. 
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INTRODUCTION 

Dental ceramics are frequently employed 

in dentistry for their mechanical and aesthetic 

aspects.1 According to the current classification, 

ceramic restorative materials can be categorized 

into glass matrix, polycrystalline, and resin 

matrix ceramics, depending on their chemical 

structure.2,3 

Combining the advantages of ceramics 

and composites, resin matrix ceramics are easier 

to machine due to their soft matrix structure and 

have better physical and mechanical properties 

than direct composites. They can also 

successfully mimic the physical properties of 

natural teeth and can be repaired intraorally. 

Dental materials experience continuous stress in 

the oral environment due to masticatory forces, 

temperature changes, and variations in saliva 

pH. Ceramic restorative materials are 

particularly vulnerable to fatigue and fracture 

due to their low tensile strength and high 

modulus of elasticity. Although dental materials 

with high stiffness exhibit durable mechanical 

properties, they are more prone to fracturing 

under masticatory forces. Intraoral repairs of 

defective restorations with composite resins are 

widely used in clinical practice because this 

method is more advantageous in terms of time, 

cost, and preservation of dental tissue.4-6 Dental 

composites have come a long way over the last 

five decades with significant developments. 

They are classified under several headings, such 

as filler size distribution, filler content, or 

composition.7,8 As a result of nanotechnological 

developments in dentistry, nanohybrid 

composite resins containing nanoscale fillers 

are being produced.9,10 The nano-sized clustered 

agglomerate fillers of nanohybrid composite 

resins give them superior mechanical and 

optical characteristics.11 Nanoceramic 

composites are another type of composite resin 

produced thanks to nanotechnology 

developments. This resin contains 

methacrylate-modified, silicon dioxide–

containing nanofiller, chemically similar to 

glass or ceramics.12-14 While the literature 

assessing the repair strength of resin matrix 

ceramics often concentrates on surface 

preparation and the ceramic material type, there 

is limited research on the consequences of 

differing composite resin types. This research 

analysed the shear bond strength (SBS) of 

nanohybrid composite resins compared to resin 

matrix ceramics after undergoing different 

surface treatments. The null hypotheses were 

that the surface treatments could not affect the 

SBS between nanohybrid composite resins and 

resin matrix ceramics and that the type of 

composite resins could not vary the SBS. 

MATERIAL and METHODS  

All materials used in this study are given 

in Table 1, and the schematic diagram of the 

study is given in Figure 1.  

Preparation of specimens 

A total of 60 specimens with a size of 

10x10x2 mm were obtained from a resin matrix 

ceramic block (VITA ENAMIC; VITA 

Zahnfabrik) with a size of 12x14x18 mm using 

a water-cooled diamond blade (Diamond 

Cutting Disc; Dimos-M) and a low-speed saw 

(Micro Cut 125; Metkon). The specimens' 

surfaces were standardized using silicon carbide 

papers (Wurth Industry Products) with grids of 

80, 180, 600, 800, and 1200. The prepared 

samples were kept in an ultrasonic cleaner 

(VEVOR) at 25°C for 10 min and dried with air. 

The specimens were divided into three groups 

(n=20 per group): roughened with 9% 

hydrofloric acid, Porcelain etch; Ultradent 

Products), roughened with a diamond bur 

(MDT; Micro Diamond Technologies) and no 

treatment control group. Each group was then 

divided into two subgroups (n=10 per group), 

bonded with nanoceramic (Spektra ST HV; 

Dentsply Sirona) and bonded with nanohybrid 

composite resins (Nexcomp; META-

BİOMED).  
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Table 1: Materials used in the study 

Material Chemical Content Brand-Manufacturer, 

Country 

RMC Blocks Feldspar ceramic network: 86 wt% (58–63% SiO2,  20–23% Al2O3,  

6–11% Na2O,  4–6% K2O,  0.5–2% B2O3,  < 1% CaO,  < 1%TiO2) 

Polymer network:  Methacrylate polymer (14wt%) 

VITA ENAMIC- VITA 

Zahnfabrik, Germany 

Nanoceramic 

composite resin 

Matrix: Methacrylic modified polysiloxane nanoparticles, 

dimethacrylate resin, ethyl-4-(dimethylamino)benzoat 

Filler: Spherical, pre-polymerized SphereTEC fillers (particle size ≈ 

15 µm), non-agglomerated barium glass, CQ 1 , ytterbium fluoride  

(78–80 wt%) 

SpektraST HV- Dentsply 

Sirona,  Germany 

Nanohybrid 

composite resin 

Matrix: Bis-GMA(bisphenol A-glycidyl methacrylate), 

UDMA(urethane di-methacrylate), Bis-EMA (ethoxylated bisphenol 

A glycol dimethacrylate),  TEGDMA (Triethyleneglycol 

dimethacrylate) borosilicate. 

Fillers: Barium aluminum boro silicate (75% wt) 

Nexcomp- META-BİOMED, 

Germany 

HA 9% Hydrofluoric acid Porcelain Etch- Ultradent 

Products, USA 

DB Diamond particles MDT- Micro Diamond 

Technologies,  Israel 

Silane coupling 

agent 

Isopropyl alcohol, silane Porcelain silane- Ultradent 

Products, USA 

Adhesive agent Oligomeric methacrylates, HEMA, camphorquinone C-Bond WP Dental, Germany 

RMC: Resin Matrix Ceramic, HA: Hydrofluoric Acid, DB: Diamond Bur 

Figure 1: The schematic diagram of the study. RMC: Resin Matrix Ceramic, HA: Hydrofluoric Acid, DB: 

Diamond Bur, NT: No Treatment, ST: Nanoceramic composite resin, NX: Nanohybrid composite resin, PMMA: 

Polymethylmethacrylate, CT: Chisel Tangent. NT-ST(No treatment applied and nanoceramic composite resin 

bonded), NT-NX(No treatment applied and nanohybrid resin bonded), DB-ST(Roughened with diamond bur and 

nanoceramic composite resin bonded), DB-NX(Roughened with diamond bur and nanohybrid composite resin 

bonded), HA-ST(Roughened with hydrofluoric acid and nanoceramic composite resin bonded), HA-

NX(Roughened with hydrofluoric acid and nanohybrid composite resin bonded) 
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Roughening of surfaces and repairing 

with composite resins 

Diamond bur roughening was performed 

by contacting the entire surface of the blue belt 

diamond bur with the specimens for 10 seconds 

under water cooling. Once the surface 

roughening was complete, a silane coupling 

agent (porcelain silane; Ultradent Products) was 

applied to the surface of the specimens for 60 

seconds. An adhesive agent (C-Bond; WP 

Dental) was applied to the samples for 10 

seconds, followed by light polymerization for 

20 seconds. Half of the samples (n=10) were 

bonded with nanoceramic, and the other half 

(n=10) with nanohybrid composite resin using a 

4mm diameter x 2mm height mould made of 

plastic pipe and polymerised with light for 20 

seconds. The hydrofluoric acid roughening 

process was carried out by the application of 9% 

hydrofluoric acid for 60 seconds, followed by 

the air-water spray washing and drying process; 

the silane bonding agent, adhesive agent, and 

composite resin bonding applications were 

carried out using the same protocol as the 

diamond bur roughened group. Similar silane, 

adhesive, and composite resin applications in 

the control group were carried out with other 

groups without any surface roughening process. 

Surface roughness measurements 

For the surface roughness measurement, 

the profilometer was calibrated with a reference 

calibration block with a Ra value of 6.0 μm and 

adjusted to 0.1 mm/s with a diamond tip with a 

radius of 10 μm. Measurements were then taken 

in the exact directions at three different points 

on three samples from each group. The three 

different measurements of each sample were 

averaged, and the Ra values were recorded by 

calculating the average of three samples from 

each group. 

Scanning Electron Microscopy (SEM) 

and Energy Dispersive Spectroscopy (EDS) 

investigation 

SEM and EDS investigated the 

microstructures of the hydrofluoric acid and 

diamond bur etched ceramic surfaces and the 

composite resin-ceramic interface with 500 and 

3000X magnification. 

Thermal ageing and shear bond 

strength test 

 The bonded specimens were then 

subjected to thermocycling (5500 cycles, 

between 5 and 55oC, 20s dwell time). Samples 

were fixed to the autopolymerising acrylic resin 

in plastic tubes and placed in the universal tester 

(Mod-dental, Ankara). Then, the ceramic and 

composite resin interface was loaded in shear 

using a knife-edged chisel tangent to the tooth 

surface at a cross-head speed of 0.5 mm/min. 

The test was stopped automatically when the 

separation occurred, and the computer 

calculated the results in MPa. The failures were 

examined with a camera (Canon EOS 1000D) 

connected to a stereomicroscope (Stemi 305; 

Carl Zeiss Microscopy GmbH) at X15 

magnification. 

Evaluation of the failures 

Failures in which the composite resin 

separated from the RMC were considered an 

adhesive failure, ruptures of the composite resin 

or resin matrix ceramic were considered a 

cohesive failure, and these two conditions were 

seen together as a mixed failure. 

Statistical analyses 

Statistical analyses were performed using 

SPSS version 22.0 for Windows (IBM Corp). 

Descriptive statistics of the continuous 

variables included in the study were presented 

as means and standard deviations. Two-way 

ANOVA was used to show the effect of 

different surface treatments and composite resin 

types. Bonferroni's post hoc test was used for 

pairwise comparisons when the ANOVA test 

was significant. The Kruskal-Wallis test 

compared SBS between surface treatment 

groups within a composite resin type. 

Independent samples t-test and Mann-Whitney 

U test were used to compare SBS between 

composite resin groups within a surface 
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treatment type. For all statistical comparisons in 

the study, p<0.05 was the level of statistical 

significance.  

RESULTS 

Shear bond strength results 

The mean and standard deviation of SBS 

(MPa) for each group and statistical analyses 

are shown in Table 2. To evaluate the effect of 

the composite resin type on the bond strength in 

the groups where the same kind of surface 

treatment was applied, the bond strengths of the 

specimens belonging to the no-treatment and 

diamond bur groups were examined by the 

Mann-Whitney U-test. Independent samples t-

test was used to investigate the hydrofluoric 

acid roughened groups. The SBS of the 

nanoceramic composite resin bonded group 

(6.95±2.15 MPa) was significantly higher than 

that of the nanohybrid composite resin 

(3.64±0.90 MPa) in the no surface treatment 

group (p<0.05). The bond strength of the 

nanoceramic composites bonded group in the 

diamond bur roughened group (9.43±3.74 Mpa) 

was also significantly higher (p<0.05) than that 

of nanohybrids (5.40±1.30 Mpa). In contrast, in 

the hydrofluoric acid roughened group, the 

bond strength of the nanoceramic composite 

bonded group (18.17±4.48 Mpa) was higher 

than that of nanohybrid composite resins 

(815.94±4.78 Mpa). However, the difference 

was not statistically significant (p>0.05). The 

Kruskall-Wallis test was used to evaluate the 

effect of surface treatments on bond strength in 

groups bonded with the same type of composite 

resin. In both composite resin groups, the SBS 

after hydrofluoric acid roughening was 

statistically significantly higher than the 

diamond bur and no treatment groups (p<0.05). 

In both composite resin groups, the SBS of the 

diamond bur group was higher than that of the 

none-treatment group, but the difference was 

not statistically significant. (p>0.05). 

Two-way ANOVA showed no 

statistically significant interaction between 

surface treatment and resin type (p = 0.683). 

However, each surface treatment (p<0.001) and 

resin type (p<0.001) had a statistically 

significant effect on SBS. When comparing the 

surface treatments, according to the Benforroni 

test, the SBS of the hydrofluoric acid roughened 

group (17.05±4.65 MPa) was significantly 

higher than that of the no treatment (5.29±2.34 

MPa) and the diamond bur roughened group 

(7.41±3.42 MPa) (p<0.05). The difference 

between the none treatment and the diamond 

burr group was not significant (p>0.05). In 

addition, the surface preparation parameter had 

a large effect size (ηp2=0.73). When comparing 

the composite resin types, the nanoceramic 

composite resin bonded group (11.52±5.99 

MPa) showed statistically significantly higher 

SBS values than the nanohybrid composite 

resin (8.32±6.19 MPa) bonded group (p<0.05) 

according to the Benforroni test. The composite 

resin type parameter had a moderate effect size 

(ηp2=0.20) (Table 3). 

Table 2: Mean±SD of the SBS (MPa) for each group and statistical analyses 

Composite resin Surface treatment 

NT DB HA 

ST 

NX 

6.95±2.15A a * 

3.64±0.90A b * 

9.43±3.74A a * 

5.40±1.30A a * 

18.17±4.48B a ** 

15.94±4.78B a ** 

Mean values represented with same superscript lowercase letter (column) are not significantly different according to 

independent samples t-test and Mann Whitney U-test(p>0,05). Mean values represented with different superscript 

uppercase letter (row) are significantly different according to Kruskal-Wallis test (p<0,05). HA:Hydrofluoric Acid, 

DB:Diamond Bur, NT: No Treatment, ST:Nanoceramic composite resin, NX:Nanohybrid composite resin. * Mann 

Whitney U-test, ** Independent samples t-test. 
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Table 3: Bonferroni's post hoc tests for pairwise comparisons after Two-Way Anova 

 Mean±SD (MPa) n 

Surface Treatment  

NT 5.29a±2.34 20 

DB 7.41a±3.42 20 

HA 17.05b±4.65 20 

Composite resin  

ST 11.52c±5.99 30 

NX 8.32d±6.19 30 

Different letters indicate significant differences (p<0,05). HA:Hydrofluoric Acid, DB:Diamond Bur, NT: No Treatment, 

ST:Nanoceramic composite resin, NX:Nanohybrid composite resin. SD: Standard Deviation 

Surface roughness results 

The Ra values of three samples from each 

group were averaged, and the surface roughness 

values were found to be 0.74±0.11µm for the no 

treatment group, 4.82±0.62µm for the diamond 

bur roughened group, and 1.22±0.21µm for the 

hydrofluoric acid roughened group. According 

to the Kruskal-Wallis test, there was a 

statistically significant difference between the 

NT and DB groups (p=0.02). 

SEM and EDS results 

The SEM images of the samples with 

different surface treatments are shown in Figure 

2. It was found that both hydrofluoric acid and 

diamond bur roughening significantly altered 

the ceramic surface topography compared to the 

control group, and it was also observed that 

hydrofluoric acid produced more microporosity 

on the ceramic surface compared to diamond 

bur. The results of an EDS analysis showed that 

the distribution of elements was similar in the 

samples belonging to diamond bur and none 

treatment groups. However, in the sample 

belonging to the hydrofluoric acid group, it was 

found that the signals related to the elements O, 

Al, K, Si, and Na decreased compared to the 

samples belonging to the other groups. In 

addition, element C was not found in the 

samples of the diamond bur group and no 

treatment but was detected in the sample of the 

hydrofluoric acid group at a level of about 38% 

by weight (Table 4). 

 

Table 4: Elemental distribution on RMC surfaces after different surface treatments  

 Surface treatments 

Elements NT DB HA 

Oxygen 

Potassium                                                              

Aluminium 

Silicon 

Sodium 

Carbon 

Calcium 

51.16                  

4.80 

10.99 

26.94 

6.11 

- 

- 

51.74 

4.97 

10.71 

26.08 

6.11 

- 

0.39 

40.09 

2.62 

4.25 

12.09 

2.36 

38.01 

0.58 

HA:Hydrofluoric Acid, DB:Diamond Bur, NT: No Treatment 
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Figure 2: SEM images and EDS analysis of RMC samples after different surface treatments. HA: Hydrofluoric 

Acid, DB: Diamond Bur, NT: No Treatment 

  
NT 

  
DB 

  

HA 
 

The scanning electron microscopy images and 

energy dispersive spectroscopy analyses of the 

ceramic and composite resin interface are 

shown in Figures 3 and 4. The interfacial layers 

of the samples belonging to all groups were 

around 10±2 µm. The scanning electron 

microscopy images and energy dispersive 

spectroscopy analyses showed that the signals 

due to the elements Si, Al, K, and Na decreased 

through the ceramic towards the composite 

resin side, and the signals due to the element Ti 

increased. At the same time, O and Ca remained 

at similar intensities on both the composite resin 

and resin matrix ceramic sides. While a 

decrease in the density of the elements Si, Al, 

O, Na, and K was observed in the interface 

regions, it was found that the element K reached 

its highest density at the interface in the sample 

belonging to the hydrofluoric acid roughened 

and nanoceramic composite resin bonded 

group. In addition, element F was not found in 

the samples belonging to the other groups. In 

contrast, the low density of element F was 

detected in the sample belonging to the 

hydrofluoric acid roughened and nanoceramic 

composite resin bonded group throughout the 

entire cross-section. 

Failure types  

When the types of failure were evaluated, 

adhesive failure was the most common type of 

failure, while cohesive failure was not observed. 

The rate of mixed failure was higher in the 

hydrofluoric acid roughened specimens (Table 

5). 
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Figure 3: SEM images of RMC to CR interfaces sectioned at 90° across to the plane of the interface with 3000X 

magnification. The direction of the yellow arrow is from the RMC side to the CR side. NT-ST (No treatment 

applied and nanoceramic composite resin bonded), NT-NX(No treatment applied and nanohybrid resin bonded), 

DB-ST(Roughened with diamond bur and nanoceramic composite resin bonded), DB-NX(Roughened with 

diamond bur and nanohybrid composite resin bonded), HA-ST(Roughened with hydrofluoric acid and 

nanoceramic composite resin bonded), HA-NX(Roughened with hydrofluoric acid and nanohybrid composite resin 

bonded) 

  
NT-ST NT-NX 

  
DB-ST DB-NX 

  
HA-ST HA-NX 

 

Table 5: Distribution of failure types among groups 

 Types of failure % 

Groups  Adhesive Cohesive Mixed 

NT-ST 

NT-NX 

DB-ST 

DB-DX 

HA-ST 

HA-NX 

100 

100 

100 

90 

30 

40 

- 

- 

- 

- 

- 

- 

- 

- 

- 

10 

70 

60 

NT-ST(No treatment applied and nanoceramic composite resin bonded),NT-NX(No treatment applied and nanohybrid 

composite resin bonded), DB-ST(Roughened with diamond bur and nanoceramic composite resin bonded), DB-NX 

(Roughened with diamond bur and nanohybrid composite resin bonded), HA-ST(Roughened with hydrofluoric acid and 

nanoceramic composite resin bonded), HA-NX(Roughened with hydrofluoric acid and nanohybrid composite resin 

bonded). 
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NT-ST NT-NX 

  
DB-ST DB-NX 

  
HA-ST HA-NX 

Figure 4: The concentration (wt.%) profiles of major elements of RMC to CR interfaces sectioned at 90° across 

the plane of the interface with 3000X magnification. The direction of the green arrow is from the RMC side to the 

CR side. NT-ST(No treatment applied and nanoceramic composite resin bonded), NT-NX(No treatment applied 

and nanohybrid resin bonded), DB-ST(Roughened with diamond bur and nanoceramic composite resin bonded), 

DB-NX(Roughened with diamond bur and nanohybrid composite resin bonded), HA-ST(Roughened with 

hydrofluoric acid and nanoceramic composite resin bonded), HA-NX(Roughened with hydrofluoric acid and 

nanohybrid composite resin bonded). 

DISCUSSION 

This study evaluated the SBS of resin 

matrix ceramics with different types of 

nanohybrid composite resin after different 

surface treatments. It was concluded that the 

SBS showed significant differences in the 

groups with different types of surface 

treatments or nanoceramic composite resin. 

Therefore, the null hypothesis were rejected. 

Many reports in the literature show that 

resin matrix ceramics can be repaired with 

composite resins after various surface 

treatments. As a result of these surface 

preparation processes, chemical retention, 

micromechanical retention, or a combination of 

both can be used to achieve long-term 

adhesion.15-19 Micromechanical adhesion is 

achieved by roughening the surface with 

aluminium oxide particles and etching or 
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grinding with hydrofluoric acid or other acidic 

compounds. At the same time, silane provides 

chemical adhesion by forming a siloxane bond 

with the ceramic surface.20 This study used 

diamond bur roughening and hydrofluoric acid 

etching with silane coupling and bonding agents 

to provide micromechanical and chemical 

bonding.  

One of the methods used to create 

retention on the repaired ceramic surface is 

diamond bur roughening, which has the 

advantages of simplicity and low cost; another 

method is hydrofluoric acid etching.21 Bello et 

al. concluded that resin matrix ceramics could 

be repaired with composite resins by 

sandblasting or acid roughening followed by 

silane application.22 Compos et al. reported that 

the bond strength between resin cement and 

resin matrix ceramics increased with the 

application of hydrofluoric acid.23 Wolf et al. 

reported that Al2O3 sandblasting or diamond bur 

roughening provides a satisfactory bond 

strength between ceramic and composite resins, 

but in cases where a higher bond strength is 

desired, surface roughening with hydrofluoric 

acid is a more effective step in achieving 

composite resin-ceramic bonding due to the 

deeper penetration of the acid.24 Chen et al. 

concluded that air abrasion of the porcelain 

surface is not necessary when acid etching is 

used as the surface preparation process, as a 

result of their study on the bond strength 

between composite resin and ceramics.25 

Schmage et al. reported that the bond strength 

of samples prepared with hydrofluoric acid was 

higher than those prepared with a diamond 

bur.26 As a result of their study, Neis et al. 

concluded that the surface preparation process 

of lithium disilicate-reinforced ceramics and 

feldspathic ceramics with hydrofluoric acid 

provides higher bond strength than surface 

treatment with a diamond bur.27 This study 

showed that the hydrofluoric acid-treated 

groups had significantly higher bond strength 

values than the diamond bur-treated groups. In 

addition, the diamond bur-roughened 

specimens had a higher SBS than the none-

treatment group, but this difference was not 

statistically significant. Hydrofluoric acid 

removes some of the glass matrices and 

dissolves the polymer, creating micropores and 

microchannels.28 The ceramics used in this 

study consist of a feldspar ceramic network (86 

wt%) fully integrated with a polymeric network 

(14 wt%), and hydrofluoric acid interacts with 

this polymeric matrix, disrupting the organic 

matrix and exposing the carbon chain.29,30 The 

EDX results confirm this situation; 

approximately 38% of carbon elements were 

found on the resin matrix ceramic surface 

roughened with hydrofluoric acid, while no 

carbon atoms were found in the samples 

belonging to other groups. The high bond 

strength between ceramic and composite resin 

in the hydrofluoric acid roughened group may 

be due to the micropores and microchannels 

created by the hydrofluoric acid dissolving the 

polymer matrix in the resin matrix ceramic. In 

the SEM image of the hydrofluoric acid 

roughened group sample, it can be seen that 

more microporous structures are formed 

compared to the samples in the other groups. 

This high bond strength may be due to the 

carbon chain-containing polymer structure of 

the resin matrix ceramic. Furthermore, although 

the surface roughness of the hydrofluoric acid 

roughened group was considerably lower than 

that of the diamond bur roughened group, the 

high bond strength of the hydrofluoric acid 

roughened specimens suggests that a more 

potent chemical bond rather than a physical 

bond between the composite resin and the 

ceramic is responsible for the high bond 

strength.  

The restorative component is also crucial 

in ceramic and metal repair.31 Although many 

studies in the literature evaluating bond strength 

between ceramics and composite resin focus on 

different surface treatments or ceramic types, 

studies evaluating the effect of composite resin 
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type are limited. This study investigated the 

bond strength of two composite resins with 

resin matrix ceramics and concluded that 

nanoceramic composite resin exhibited 

significantly higher bond strength. The matrix 

part of the nanohybrid composite resin used in 

this study consists of ethoxylated BISGMA, 

BISGMA, and UDMA, while the filler part 

consists of barium aluminium borosilicate.32 On 

the other hand, nanoceramic composite contains 

methacrylate-modified, silicon dioxide–

containing nanofiller and resin matrix that is 

replaced by a matrix full of highly dispersed 

methacrylate-modified polysiloxane particles, 

which are chemically similar to ceramics.13,14 

The high bond strength in the nanoceramic 

composite bonded group may be due to the 

similar content with dental ceramics. 

The nanoceramic composite resin used in 

this investigation is a high-viscosity dental 

composite resin with SphereTEC filler 

technology consisting of spherical pre-

polymerized particles of sub-micron glass 

particles ranging in size from 0.1 to 3.0 µm.14 

Due to their specific morphology, SphereTEC 

fillers give composite resin unique properties 

and reduce internal friction under shear stress. 

This is achieved by the blocked interlocking of 

the filler particles, and therefore, composite 

resin has excellent sculptability with hand tools. 

At the same time, the combination of 

SphereTEC® fillers with irregularly shaped 

submicron particles gives the composite resin a 

slump resistance property when left 

unagitated.14Another reason for the high SBS of 

the nanoceramic bonded group may be that 

SphereTEC fillers impart excellent sculptability 

to composite resin, resulting in better adaptation 

to the resin matrix ceramic surface. Ozdemir 

and Yanikoglu investigated the bond strength 

between different composite resins and 

feldspathic ceramics after different surface 

treatments. In contrast to this present study, they 

obtained lower bond strength in samples 

bonded with nanoceramic composite. This may 

be because the ceramics tested for repair 

strength have different chemical content.33 

Ageing methods such as thermal cycling 

and water immersion often predict the long-

term clinical behaviour of materials bonded 

together under in vitro conditions.34 The ISO 

TR 11450 (1994) standard states that thermal 

cycling at 5-55°C for 500 cycles is appropriate. 

The shear bond test, frequently used to measure 

bond strength, is an in-vitro test method in 

which a force is applied to the joint area at a 

specific rate until separation occurs between 

two bonded materials. SBS is calculated by 

dividing the maximum force applied by the 

connection area.35,36 In this present study, 

bonded specimens were thermocycled (5500, 

5–55oC, dwell time: 20s) and SBS test was 

applied to them (approach speed of 0.5 

mm/min.) to predict long-term clinical 

behaviour. The mean SBS for the nanoceramic 

composite bonded group was 11.52 MPa, which 

was 8.32 MPa for the nanohybrid. Also, 

hydrofluoric acid roughened groups were 

shown at 17.05 MPa SBS value and 7.41 MPa 

for diamond bur roughened groups. As a 

minimum value for acceptable clinical bonding, 

a limit of 10-13 MPa is suggested.35 The nano 

ceramic bonded and hydrofluoric acid 

roughened groups exhibited clinically 

acceptable bond strengths in this context.  

CONCLUSION 

This study aimed to investigate the 

impact of various composite resins on the 

strength of repairing resin matrix ceramics 

under two different surface treatments. The 

results show that in clinical applications, 

nanoceramic-based composites, after surface 

treatment with hydrofluoric acid, can produce 

acceptable clinical results when used to repair 

resin matrix-based ceramics. Further research 

can be conducted using different surface 

treatments, composite resins, and test methods 

to expand upon these findings. 
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