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Repairability of Four CAD-CAM Materials 
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1Program of Esthetic Restorative and Implant Dentistry, Faculty of Dentistry, Chulalongkorn University, Bangkok, Thailand 
2Department of Operative Dentistry, Faculty of Dentistry, Chulalongkorn University, Bangkok, Thailand 

	 This study assessed the repairability among four CAD-CAM blocks repaired with different universal adhesives 

after aging. The CAD-CAM blocks evaluated were Polymer infiltrated ceramic network (Vita Enamic ®, VE), Zirconium-

reinforced lithium silicate ceramic (Vita Suprinity®, VS), Feldspathic ceramic (Vitablocs ® Mark II, VM), and Lithium 

disilicate ceramic (IPS e.max® CAD, IE). Each original block was prepared into 5x5x5 mm dimensions to create 120 

specimens. After being subjected to 10,000 cycles of thermocycling to simulate the oral environment conditions 

equivalent to one year of service, surface pretreatment was carried out by grinding and etching with a 9% hydrofluoric 

acid (Ultradent Porcelain Etch®). Subsequently, specimens were divided into three groups based on adhesive applied: 

Clearfil™ Tri-s bond Universal (CUB), Scotchbond Universal Plus® (SUP), and Monobond N® (MN, control group). Resin 

composite (Filtek™ Z350 XT, shade A3.5; 3M ESPE, USA) was then applied in a 2 mm thick-increment. All samples 

underwent another round of 10,000 cycles of thermocycling. A shear bond strength test (SBS) was performed, and 

the resulting data were analyzed by two-way ANOVA followed by Games-Howell or Least Significance Difference 

(LSD) post-hoc analysis (P < 0.05).  Additionally, failure modes were examined under a stereomicroscope. Two-way 

ANOVA revealed significant impacts of both types of CAD-CAM blocks (P < 0.001), and universal adhesives (P < 0.001) 

on SBS values. Post-hoc analysis indicated that the SUP group exhibited improved repair SBS values compared with 

control and CUB groups (P < 0.05). VE + SUP group demonstrated the highest bond strength. The highest SBS was 

observed in the VE + CUB group (P < 0.05). Additionally, CAD-CAM material bonded with CUB showed significantly 

lower SBS compared with control groups in IE + CUB (P < 0.05). The lowest SBS was found in VM + MN (P < 0.05). In  

conclusion, universal adhesive containing 3-MPTES/APTES revealed superior repair bond strength across four CAD-CAM  

blocks. Particularly, hybrid ceramic and feldspathic ceramic exhibited favorable characteristics for repair with resin 

composite materials. 
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	 Computer-aided design/computer-aided manu-

facturing blocks have emerged as favored materials for 

indirect restoration due to their numerous advantages, 

less time-consuming with superior esthetic outcomes, and  

reliable clinical performance.1 Among these, machinable 

feldspathic porcelain, such as Vitablocs® Mark II by VITA 

Zahnfabrik, has been renowned for its higher mechanical 

properties compared to traditional porcelain. Notably, this  

block comprised fine-grain feldspathic porcelain with particles 

averaging 4 µm, enhancing microstructure homogeneity

and fracture resistance.2 Similarly, the popularity of glass- 

ceramics has increased due to their superior mechanical 

properties in comparison to leucite-glass ceramics.3 For 

instance, Lithium disilicate glass-ceramic (Li
2
O2SiO

2
), such as  

IPS e.max® CAD (Ivoclar-Vivadent), was crafted by glass 

fusion and subsequent grinding into “blue blocks” for 

CAD-CAM.4   

	 Another development in glass-ceramic materials 

involved the integration of polycrystalline ceramics to 

reinforce the vitreous matrix. Zirconium-reinforced lithium 

silicate (ZLS) materials, such as Vita Suprinity® (VITA Zahnfabrik),  

offered pleasing esthetics, good machinability and simple 

surface finishing due to their glass matrix content.5 Furthermore, 

polymer infiltrated ceramic network (PICN) materials 

have been introduced as a solution to the limitations of  

resin composite blocks, including their diminished durability 

and resistance to abrasive wear.4 Fabrication of PICN materials 

employed a two-step process. First, a porous pre-sintered 

ceramic network was treated with a silane coupling agent 

to enhance bonding. Followed by, a resin-based polymer 

infiltration, eliminating the need for a high-temperature 

post-firing step.6  

	 Ceramic fracture or chipping has been a common 

failure in indirect restoration. Systematic reviews have 

identified ceramic onlay failure causes, including fracture, 

debonding, caries and other complications.7 Additionally, 

ceramic fractures were reported as the most prevalent 

failure mode across ceramic, composite, and hybrid ceramic.8 

Several studies reported that ceramic chipping or cracking 

was considered a minor complication, defined as a cohesive 

fracture not impairing function.9, 10 Therefore, the ultimate 

replacement of ceramic restoration was not required 

since the dentist could either polish or repair it with 

resin composite.11,12   

	 Ensuring the longevity and reliability of resin 

composite-repaired ceramic restorations presented a 

significant challenge. It was crucial to ensure the bond 

durability between dental ceramic and resin composite , 

achieved through micro-mechanical retention methods 

such as hydrofluoric treatment and chemical retention via 

application silane.13 Studies suggested that a combination 

of hydrofluoric acid and silane provided optimal bond 

strength,14 with various silanes investigated, particularly 

in two-bottle systems demonstrating prolonged shelf life 

and enhanced reactivity.15 The development of universal 

adhesives represented a significant advancement in dental 

bonding technology. These adhesives achieved superior 

performance through a combination of a functional 

monomer, 10-methacryloyloxydecyl dihydrogen phosphate 

(10-MDP), and a silane coupling agent, all conveniently 

pre-mixed in a single bottle. However, controversies 

surrounded the efficacy of this combination, with some 

studies indicating decreased bond strength with single step 

application compared to additional silane pretreatment.16 

	 Despite the increasing utilization of resin composite 

for repairing indirect CAD-CAM restorations, there is a lack  

of definitive recommendations regarding the use of universal 

adhesives, and a universally accepted repair protocol 

has not yet been established. Thus, the present study 

evaluated the repairability among four CAD-CAM blocks 

repaired using different universal adhesives after aging. 

CAD-CAM blocks preparation 

	 For specimen preparation, 120 specimens, each 

measuring 5x5x5 mm,  were obtained by sectioning the 

original CAD-CAM blocks (initial dimensions: 12x14x18 mm) 

using a low-speed diamond saw (Isomet 1000, Buehler, 

Lake Bluff, IL, USA) (Fig. 1A). Then they underwent a 

thermocycling (KMITL, Bangkok, Thailand) protocol for 

Introduction 

Materials and methods



	                  Treyasorasai and Srisawasdi, 2025 3

article in press
10,000 cycles using temperatures between 5°C and 55°C, 

with a dwell time of 30 seconds to simulate one year of 

oral service (Fig. 1B)17 The specimens were mounted in 

self-curing acrylic resin. This was followed by a 30-second 

polishing step using 320-grit silicon carbide abrasive 

papers under water irrigation. To ensure cleanliness, the 

specimens were then immersed in distilled water for 

ultrasonic cleaning for ten minutes. Table 2 details the 

chemical composition of the materials tested.

Surface pretreatment  

	 The aged specimens underwent a surface pre-

treatment protocol (n=120) involving etching with a 9% 

buffered hydrofluoric acid (Ultradent Porcelain Etch®, 

Ultradent Products, Inc.) for various durations. 

	 1. Vitablocs Mark II®: 9% HF for 60 seconds. 

	 2. IPS e.max CAD®: 9% HF for 20 seconds. 

	 3. Vita Enamic®: 9% HF for 60 seconds. 

	 4. Vita Suprinity®: 9% HF for 20 seconds.

	 Afterward, all specimens were cleaned ultrasonically 

for ten minutes. The CAD-CAM surface-treated specimens 

were then categorized into three groups (n=40) based 

on the adhesive applied: Clearfil™ Tri-s Bond Universal 

(Kuraray Noritake Dental Inc), Scotchbond Universal Plus 

(3M, ESPE), and Monobond N (Ivoclar-Vivadent, Schaan/

Liechtenstein).

Restorative procedure

	 To create a standardized bonding area, strips 

of one-sided ScotchBlue Painter’s Tape (3M, Minnesota, 

USA) were cut into a 10x10 mm18, each with a central  

hole measuring 5 mm in diameter19. The tape itself was 

approximately 80 micrometers thick.18 Following this, the 

ceramic surface was covered with the tape. A micropipette

was used to apply a drop of universal adhesive and silane 

coupling agent to each sample (10 microlitters), with the 

solution then spread into a thin coat using a disposable 

applicator (Applicator tips, Dentsply DeTrey GmbH, 

Konstanz, Germany) (Fig. 1C). The LED light-curing unit 

(DemiTM Plus, Kerr, USA) was subjected to calibration using 

an L.E.D. radiometer (DEMETRON, SDS Kerr, USA) after 

each day of use to ensure consistent light intensity. The 

chemical compositions of adhesive materials and details 

of application procedures were presented in Table 1.

Table 1	 Manufacturers, compositions of tested materials

Material/ Manufacturer Composition Procedure following the manufacturer instructions

Monobond N® 

(Control) 

(Lot no. Z02XRS, 

Ivoclar-Vivadent,Schaan 

/Liechtenstein) 

Scotchbond 

Universal Plus 

adhesive® (SUP) 

(Lot no.7910510, 

3M ESPE Dental products) 

Clearfil™ TRI-S BOND 
Universal (CUB) 
(Lot no. 280057,

Ethanol, methacrylated 

phosphoric acid ester, 

sulphide methacrylate, 

3-trimethoxysilylpropyl 

methacrylate 

10-MDP, HEMA, silane, 

dimethacrylate resins 

containing a BPA derivative-free, 

Vitrebond copolymer, filler, 

ethanol, water, initiators, 

dual-cure accelerator 

Bis-GMA, HEMA, MDP, 
CQ, colloidal silica, silane, 
ethanol, water,

1. Ceramic surfaces were rinsed and dried after pretreatment. 

2. 10 µl of Monobond N® was applied with a disposable    

applicator. 

3. The solution reacted with the specimen surface for 

60 seconds. 

4. Specimens were gently air-dried for 10 seconds until the 

absence of moving liquid droplets. 

1. Ceramic surfaces were rinsed and dried after pretreatment. 

2. 10 µl of Scotchbond Universal Plus adhesive® 

was applied (rubbing) to the entire ceramic surface and 

excess removed. 

3. Specimen surfaces were gently air-dried until no liquid 

movement was observed with 2-bar pressure, from 10 mm 

distance.  

4. The LED-light curing unit with 1,100 mW/cm2 intensity was 

placed perpendicularly at a distance of 1 mm and adhesive 

was polymerized for 20 seconds.
1. Ceramic surfaces were rinsed and dried after pretreatment. 
2. 10 µl of Clearfil™ TRI-S BOND Universal was applied 
(rubbing) and excess removed.
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Table 1	 Manufacturers, compositions of tested materials (cont.)

Material/ Manufacturer Composition Procedure following the manufacturer instructions

Kuraray Noritake Dental, 
Tokyo, Japan) 

hydrophilic aliphatic dimetacrylate 3. Specimen surfaces were gently air-dried until no liquid 
movement was observed with 2-bar pressure, from 10 mm 
distance.  
4. The LED-light curing unit with 1,100 mW/cm2 intensity was 
placed perpendicularly at a distance of 1 mm and adhesive 
was polymerized for 20 seconds. 

Abbreviations: Bis-GMA, Bisphenol A-diglycidyl methacrylate; HEMA, 2-hydroxyethyl methacrylate; 10-MDP, 10-methacryloyloxydecyl dihydrogen 

phosphate; BPA derivative-free, Bisphenol A derivative-free; CQ, Camphoroquinone

	 Following the bonding process, each specimen 

received a centrally placed hollow clear acrylic mold. 

The mold measured 5 mm in diameter and 4 mm in 

length. Then, a resin composite (Filtek™ Z350 XT, shade 

A3.5; 3M ESPE, USA) was applied to prepared specimens 

in 2 mm thick increments to fill the mold (Fig.1D). For 

each increment, an LED polymerization device (DemiTM 

Plus, Kerr, USA) delivered light from the top surface at 

1,100 mW/cm2 for 40 seconds. During the polymerization 

process, the tip of the light source was maintained in a  

perpendicular orientation, 1mm directly above the resin  

composite surface. After carefully removing the clear acrylic 

mold and tape, the specimen underwent an additional 

40 seconds of irradiation to complete polymerization.

	 To simulate aging effects, all ceramic specimens 

underwent 10,000 thermocycles 5°C and 55°C with a 30 

seconds dwell time (Fig. 1E). Subsequently, shear bond 

strength (SBS) was measured using a universal testing 

machine (EZ-S, Shimadzu, Japan). The SBS test involved 

applying a force at a constant speed of 0.5 mm/min 

using a knife-edge apparatus positioned between the 

CAD-CAM restorative material and the resin composite, 

with a separation distance of 1.0 mm (Fig. 1F). Shear stress 

on the specimens was progressively raised until they 

fractured. The force required to cause this failure was 

then documented (N). The SBS value was determined 

by dividing the highest SBS by the adhesive area (mm2). 

According to ISO29022:2013, a pre-test failure was recorded 

as 0 MPa. Any pretest failures, such as dislodgement of 

the composite button during removal of the button mold

or excess composite, were noted accordingly.

Figure 1	 A. CAD-CAM blocks were sectioned into dimension of 5x5x5 mm to produce 120 specimens 
	 B. Thermocycling was performed on all specimens 
	 C. Bonding areas received a drop of adhesive (universal adhesives/silane coupling agent) 
	 D. Following bonding procedure, resin composite was applied onto prepared specimens in 2 mm thick increments to fill up the mold 
	 E. Prior to SBS testing, thermocycling was performed on all specimens  
	 F. Subsequently, the SBS test was performed
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Failure mode analysis 

	 Mode of failure of the bonded resin-ceramic  

interface was randomly examined using a stereomicroscope 

(SZ 61, Olympus, Japan) at 2.5X magnification. Failures 

were categorized into three types: adhesive, cohesive, 

and mixed. Adhesive failure occurred at the interface 

between the adhesive and the ceramic restoration or 

between adhesive and composite or within the adhesive 

itself. Cohesive failure occurred within resin composite 

or ceramic. Mixed failure exhibited both adhesive and 

cohesive failures in the fractured surface.

Scanning electron microscopy  

	 Samples from different types of failure were  

randomly subjected to scanning electron microscopy (JEOL  

JSM-6610LV, Oxford X-Max 50) at 5000x magnification. The 

surface topographies were observed to confirm the result 

obtained from the mode of failure test.

Table 2	 Compositions, manufacturers and components of ceramics and resin composite

Material Compositions Manufacturer Lot number

Vita Enamic® (VE) 

Vita Suprinity® (VS) 

Vitablocs Mark II® (VM) 

IPS e.max CAD® (IE) 

Ultradent Porcelain Etch® 

Filtek™ Z350 XT Universal 

Restorative (A3.5) 

Ceramic part (86 wt%/75 vol%): SiO
2
, 

Al
2
O

3
, Na

2
O, K

2
O, B

2
O, ZrO

2
, KaO 

Polymer part (14 wt%/25 vol%): UDMA, 

TEGDMA 

SiO
2
, Li

2
O, K

2
O, P

2
O

5
, Al

2
O

3
, ZrO

2
, CeO

2
, 

pigments  

SiO
2
, Al

2
O

3
, Na

2
O, K

2
O, CaO, TiO

2 

SiO
2
, Li

2
O, K

2
O, MgO, Al

2
O

3
, P

2
O

5
 and 

other oxides  

9% buffered hydrofluoric acid 

UDMA, Bis-GMA, Bis-EMA, TEGDMA

VITA Zahnfabrik H. Rauter GmbH & 

Co. KG, Germany 

VITA Zahnfabrik H. Rauter GmbH & 

Co. KG, Germany 

VITA Zahnfabrik H. Rauter GmbH & 

Co. KG, Germany  

Ivoclar-Vivadent, Schaan/Liechtenstein  

Ultradent Dental Products, South 

Jordan, UT, USA 

3M ESPE Dental products, USA 

79850 

96150 

63240 

Z024K2 

BM33P 

NF31774 

Abbreviations: UDMA, Urethane dimethacrylate; Bis-GMA; Bisphenol A-diglycidyl methacrylate; Bis-EMA, Bisphenol A-diglycidyl methacrylate 

ethoxylated; TEGDMA; Triethylene glycol dimethacrylate

Data analysis 

	 The SPSS 20.0 for Mac was used to conduct a 

statistical analysis of the SBS for all groups. (SPSS Inc, 

Chicago, Illinois, USA). The findings indicated that the 

data followed a normal distribution, a two-way analysis 

of variance (ANOVA) was employed to analyze the effects 

of both material types and universal adhesives as main 

factors. Statistically significant difference was analyzed by 

one-way analysis of variance (ANOVA) followed by Games- 

Howell or Least Significance Difference (LSD) post-hoc 

analysis (P < 0.05) for multiple comparisons.

Shear bond strength (SBS) 

	 The results of SBS testing on repaired CAD-CAM 

blocks after surface treatments and universal adhesive 

application, including the mean SBS values, were shown 

in Table 3. Two-way ANOVA revealed that the types of 

CAD-CAM blocks (F = 11.469, P < 0.001), and universal 

adhesives (F = 80.498, P < 0.001) had a significant impact 

on SBS values (Table 1). In addition, the interaction between 

two factors were also significant (Table 3, P < 0.001).

Results
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Table 3	 Influence of material (A) and universal adhesives (B) on Shear bond strength results according to Two-way ANOVA

Source df
Sum of Squares Shear 

bond strength Mean Square F P

Materials (A) 

Universal adhesives (B) 

A x B 

3 

2 

6 

347.568 

1626.295 

1069.012 

115.856 

813.148 

178.169 

11.469 

80.498 

17.638 

<.001 

<.001 

<.001 

Table 4	 Mean shear bond strength (MPa) from four different types of CAD-CAM blocks and universal adhesives 

Groups
Monobond N® 

Control group (MN)
CLEARFIL™ TRI-S 

BOND Universal (CUB)
Scotchbond Universal Plus® 

(SUP)

Vita Enamic® (VE) 

Vita Suprinity® (VS) 

Vitablocs Mark II® (VM) 

IPS e.max CAD® (IE) 

7.335 ± (4.115)aA 

10.302 ± (4.209)acAC 

0.187 ± (0.590)bA 

12.989 ± (4.180)cA 

13.400 ± (2.030)aB 

7.549 ± (1.966)bA 

8.501 ± (3.748)bB 

8.257 ± (2.660)bB 

19.551 ± (2.426)aC 

12.871 ± (3.825)bBC 

18.049 ± (3.062)aC 

14.451 ± (3.120)cbA 
Different small letters indicate significant differences within the same column. Different capital letters indicate significant differences within the 

same row. Statistically significant differences were analyzed by one-way ANOVA followed by Games-Howell or Least Significance Difference (LSD) 

post-hoc analysis (P<0.05).

	 According to the post-hoc analysis, SUP improved 

in repair SBS values compared with the control and CUB 

groups (Table 4, P < 0.05). VE + SUP exhibited the highest 

bond strength values. There was no significant difference 

between VE + SUP and VM + SUP. However, the improvement 

obtained for IE + SUP and VS + SUP was not statistically 

significant compared with control groups (P > 0.05). 

	 For CUB, the highest SBS was obtained from 

VE + CUB. On the other hand, there was no statistical  

difference among VS + CUB, VM + CUB and IE + CUB (P > 0.05). 

Additionally, CAD-CAM material bonded with CUB revealed 

significantly lower SBS compared with control groups in 

IE + CUB group. The lowest SBS was found in VM + MN.

Mode of failure 

	 Table 5 summarized the distribution of failure 

modes and pretest failure scores observed in the SBS 

testing of CAD-CAM materials. The predominant mode of 

failure was adhesive failure at the interface. In addition, 

the highest percent of cohesive failure was observed in 

VM + SUP. The mixed failure was observed in VE + MN, 

VE + CUB, VE + SUP, VM + CUB and VM + SUP groups. For  

the VE group, the highest percent of mixed failure was 

observed in VE + SUP, followed by VE + MN and VE + CUB, 

respectively. For VM, the highest percent of mixed failure 

was found in VM + CUB and VM + SUP. The pretest failures 

were observed in VM+MN group (Control). 

Scanning electron microscopy  

	 The SEM images (original magnification of 5000x) 

of CAD-CAM materials treated with various surface 

treatments, as shown in Figures 2-5, exhibited bonded 

surfaces after the SBS test to confirm mode of failure.

Table 5	 Failure mode distribution

Material Surface treatment Adhesive Cohesive Mixed Pretest failure

Vita Enamic® (VE) Monobond N® (Control) 

Clearfil™ TRI-S BOND Universal (CUB) 

Scotchbond Universal Plus® (SUP) 

30% (3) 

50% (5) 

0 

0 

0 

0 

70% (7) 

50% (5) 

100% (10) 

0 

0 

0 

Vita Suprinity® (VS) Monobond N® (Control) 

Clearfil™ TRI-S BOND Universal (CUB) 

Scotchbond Universal Plus® (SUP) 

100% (10) 

100% (10) 

100% (10) 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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Table 5	 Failure mode distribution (cont.)

Material Surface treatment Adhesive Cohesive Mixed Pretest failure

Vitablocs Mark II® (VM) Monobond N® (Control) 
Clearfil™ TRI-S BOND Universal (CUB) 
Scotchbond Universal Plus® (SUP) 

10% (1) 
40% (4) 

0 

0 
0 

30% (3) 

0 
60% (6) 
70% (7) 

90% (9) 
0 
0 

IPS e.max CAD® (IE) Monobond N® (Control) 
Clearfil™ TRI-S BOND Universal (CUB) 
Scotchbond Universal Plus® (SUP) 

100% (10) 
100% (10) 
100% (10) 

0 
0 
0 

0 
0 
0 

0 
0 
0 

Figure 2	 SEM of Vitablocs Mark II® (Original magnification x5000). 2A; After HF, the glassy phase partially dissolved. 2B; Adhesive 	

	 failure in VM+MN. 2C; Mixed failure in VM+CUB. 2D; Cohesive failure within ceramic in VM+SUP

Figure 3	 SEM of IPS e.max CAD® (Original magnification x5000). 3A; After HF, the glassy phase, partially dissolved phase, partially 

	 dissolved with predominantly crystalline phase. 3B; Adhesive failure in IE+MN. 3C; Adhesive failure in IE+CUB. 3D; Adhesive

 	 failure in IE+SUP	

Figure 4	 SEM of Vita Suprinity® (Original magnification x5000). 4A; After HF, the glassy phase partially dissolved with predominantly 

	 crystalline phase. 4B; Adhesive failure in VS+MN. 4C; Adhesive failure in VS+CUB. 4D; Adhesive failure in VS+SUP 	

Figure 5	 SEM of Vita Enamic® (Original magnification x5000). 5A; After HF, the glassy phase partially dissolved. 5B; Mixed failure in 	

	 VE+MN. 5C; Mixed failure in VE+CUB. 5D; Mixed failure in VE+SUP 	
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Discussion

	 This research conducted a comprehensive 

comparison of four CAD-CAM materials repaired using 

different universal adhesives. SUP demonstrated the 

highest SBS when applied with VE and VM Moreover, it 

exhibited the highest SBS for VS and IE compared to CUB. 

These variations in performance could be attributed to 

differences in adhesive composition and microstructure 

of the materials.  

	 The result of this study revealed that the types 

of CAD-CAM blocks significantly affected the SBS of the 

tested CAD-CAM blocks bonded to resin composite. 

The highest SBS for SUP and CUB was attained in the 

VE group. Polymer infiltrated ceramic network (PICN)  

material, essentially an interpenetrating phase composite, 

is formed by infusing a resin (14% by weight) into a ceramic 

network (86% by weight).20 The previous study from Lima 

et al. indicated that unetched Vita Enamic® presented 

greater surface roughness compared to ZLS.21  The structure 

of Vita Enamic® exhibited porosity and possessed a  

composition similar to feldspathic ceramics.22 By selectively 

removing the glassy phase, acid etching modified the 

surface uniformity of the ceramic material, creating a 

rougher and potentially more uneven topography.23  

Additionally, combination of PICN within ceramic substrate 

contributed to the formation of a rougher surface. Another 

explanation is that monomers in universal adhesives  

enhance bond strength by interacting with reacted monomers 

in hybrid ceramics. Nevertheless, surface preparation 

remains essential to improve bonding with aged ceramics 

that do not contain unreacted monomers.24  

	 According to Straface et al., the surface roughness 

of unetched Vitablocs Mark II® and Vita Enamic® measured 

1.9 µm and 1.8 µm, respectively. However, Vita Suprinity® 

exhibited lower surface roughness. Another study demon- 

strated a relationship between etching time and the 

interaction area, indicating that longer etching times led 

to greater surface involvement.25 Additionally, HF etching 

caused changes in surface topography, with higher con-

centrations resulting in more pronounced alterations and 

increased porosity.26 A study by Azevedo confirmed that 

feldspathic porcelain showed significant effects due to 

its higher glass content.27 The use of 10% HF effectively 

dissolved the glassy matrix in glass-ceramics, creating a  

rough and retentive surface.26 In their study, Straface et al.

suggested extending hydrofluoric acid (HF) etching beyond 

15 seconds, potentially up to 60 seconds, to guarantee 

comprehensive substrate etching and achieve complete 

dissolution of the glassy matrix.22   

	 The results of this research also indicated that 

the VM + MN group exhibited the lowest SBS. Similarly, 

VE + MN showed lower bond strength compared with 

IE + MN and VS + MN. Bonding between composite and 

ceramic depended on micromechanical and chemical 

bonds on ceramic surface.28 Etching increased surface 

area, allowing uncured flowable resin to penetrate 

micropores and establish durable micromechanical 

interlocking.28 To enhance chemical bonding between 

adhesive and resin composite, the ceramic surface  

underwent an etching process followed by treatment 

with a silane coupling agent.29 Reactive silane groups 

bonded with hydroxyl groups on the ceramic surface, 

while the remaining non-hydrolyzable groups polymerized 

with the uncured resin composite.30 However, this research 

aimed to investigate the repairability of CAD-CAM ceramic 

with conventional resin composite. Viscous universal 

composites were ineffective in penetrating micropores 

on ceramic surface after etching, resulting in uneven 

adaptation compared to resin composites with low filler 

content and liquid consistency.31 Thus, directly applying 

universal composite to silane-treated etched ceramic 

surfaces without adhesives could potentially affect 

SBS and lead to pretest failure in VM + MN groups. To 

address this issue, it is advisable to ensure the thorough 

application of the adhesive resin, allowing it to penetrate 

all etched ceramic surfaces and effectively interlock 

with them. This process anticipates the enhancement 

of the strength and durability of the repaired interface.

	 The results of this study also demonstrated 

that types of universal adhesives significantly affected 

the SBS of tested CAD-CAM blocks bonded to resin 
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composite. Compared to the MN and CUB groups, SUP 

showed significantly improved repair bond strength 

value. The presence of 3-MPTS in CUB did not affect 

SBS due to the dehydration-induced self-condensation 

of functional silanol in CUB led to instability of 3-MPTS 

molecules in acidic aqueous condition, consequently 

resulting in weaker bonding performance.32,33   

	 On the other hand, SUP contained a combination 

of functional monomer 3-(aminopropyl) triethoxysilane 

(APTES) and 3-methacryloxypropyltriethoxysilane (3- 

MPTES), enhancing the effectiveness of adhesive in priming 

glass ceramic surfaces.34 The presence of 3-MPTES/APTES 

notably enhanced SBS between ceramic and composite 

compared to both the CUB and the control groups. After 

the glass-ceramic surface was etched, APTES molecules 

interacted with it by forming hydrogen bonds. These 

bonded APTES molecules then reacted with existing 

silanol groups, resulting in the creation of amino-silanol 

groups.35 Moreover, the hydrolysis of Si-O-C
2
H

5
 group in 

3- MPTES within SUP occurred at a slower rate in contrast 

to the Si-O-CH
3
 group within 3-MPTS in the CUB. This 

delayed hydrolysis reduces the dehydration condensation 

of the silanol groups.36   

	 This study additionally demonstrated that CAD-

CAM materials bonded with CUB exhibited lower SBS 

compared to control groups in VS + CUB and IE + CUB 

groups. There were no statistically significant differences 

in SBS among IE + CUB, VS + CUB and VM + CUB groups. 

Monobond N® comprised high proportions of organic 

solvent like ethanol.37 When applied to an etched 

ceramic surface, Monobond N® formed a silane layer, 

which was an essential factor affecting the resin-ceramic 

bond strength. Unlike Monobond N®, silane-containing 

universal adhesives consisted of notably complex 

compositions including 10-MDP, Bis-GMA, HEMA and 

others primarily designed to enhance bond strength. 

The presence of Bis-GMA resin slowed the condensation 

reaction between silanol groups of universal adhesive 

and ceramic by delaying evaporation of water.38 As a 

result, the deposition of a silane on the ceramic surface 

seemed less feasible when using universal adhesives. This 

observation might explain the inferior priming efficacy 

of universal adhesive compared to Monobond N® and 

Scotchbond Universal Plus®. This also explains the result 

that there were no statistically significant differences in 

SBS for IE + MN compared to IE + SUP and VS + MN compared 

to IE + SUP. 

	 The study also revealed that VM + SUP had the 

highest incidence of cohesive failure, while VE + SUP 

showed the highest occurrence of mixed failure. This 

suggested that etching these ceramic types enhanced 

surface irregularities, thereby improving shear bond 

strength. Specifically, specimens repaired with SUP 

exhibited more cohesive and mixed failures compared 

to those repaired with CUB and MN. These results were 

consistent with the average bond strength findings, 

which showed that VE + SUP and VM + SUP achieved 

the highest bond strengths. 

	 Thermocycling represented a prevalent approach in 

bond durability assessment, simulating oral cavity thermal 

changes induced by routine activities.17 This study observed 

no specimen failures during the thermal cycling process. 

Durability of the bond under thermal stress heavily relied 

on the number of cycles experienced, with temperature 

settings and dwell time also contributing.39 Additionally, 

this study aimed to assess the repairability of aged CAD-CAM 

ceramic blocks. The specimens were subjected to 10,000 

cycles, approximating one year of intraoral use before 

bonding procedure.17    

	 This investigation focused on the influence of 

silane, specifically the type of silane used, within universal 

adhesives on ceramic repair. However, by focusing on 

only two silane-containing universal adhesives, the  

ability to assess the overall effectiveness of universal 

adhesives compared to traditional methods was limited.

In cluding an additional group repaired with a conventional 

silane and adhesive would have allowed for a more 

comprehensive analysis of the bond strength achieved 

with different adhesive systems for ceramic repair. Another 

limitation was the absence of ceramic surface roughness 

assessment prior to the SBS test. Incorporating surface 

roughness tests would be advantageous for evaluating 

the impact of surface treatments before conducting the  

SBS evaluation. 
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	 For further studies, exploring different surface 

pretreatment methods, such as sandblasting and silica 

coating could be beneficial, as it may enhance bond 

strength compared to acid etching alone. This additional 

information would serve to validate the proper protocol 

for employing single-step universal adhesive systems for 

the repair of ceramic indirect restorations.

	 Within the limitations of this study, the universal 

adhesive containing 3-MPTES/APTES offered superior repair 

bond strength across four CAD-CAM blocks. Particularly, 

hybrid ceramic and feldspathic ceramic exhibit favorable 

characteristics when repaired with resin composite materials. 
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