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Introduction 

Various congenital or acquired factors, such as dental fluorosis, tetracycline 

staining, enamel hypoplasia, twisted teeth, malformed teeth, small teeth, and dental 

caries, can lead to abnormal tooth shape or color, greatly affecting the esthetics, occlusal 

dysfunctions and even healthy dental tissue of patients, requiring restorative treatment 

[1]. With the improvement of living standards and esthetic requirements, esthetic 

restoration of anterior teeth not only requires restoring the tooth's shape, color, and 

function but also aims to preserve and protect as much healthy dental tissue as possible. 

Therefore, laminate veneers become the preferred choice for the restoration of anterior 

teeth [2].  

Laminate veneers, as indirect restorations, cover the tooth surface by adhesive 

technology with different materials. They restore the teeth's shape and improve their 

color, function and healthy tissue [3]. Based on different materials, laminate veneers are 

mainly divided into porcelain veneers and resin veneers. Porcelain veneers are highly 

accepted by patients for their rather good chemical stability and biocompatibility [6]. 

However, their high brittleness, high difficulty of processing, and considerable repair 

challenges limit their widespread clinical application [7]. With the development of 

CAD/CAM technology and the development of new cuttable resin blocks, indirect resin 

laminate veneers are becoming more and more popular in clinic for their advantages 

such as higher fracture resistance and fatigue strength, easier processing and repair, 

better marginal adaptation, easier removal, and lower cost [8, 9]. However, they are 

detrimental to adhesion because they are highly polymerized and free of residual 

monomers [10]. 

Bonding is a critical step to ensure the retention and marginal closure of laminate 



 
 

 

- 2 - 
 

veneers which affects the clinical service life of restorations [11]. Improper bonding 

process can lead to structural defects at the bonding interface, compromising interface 

stability, which may result in veneer debonding, fracturing, and even restoration failure 

[12]. Resin cements are commonly used for laminate veneers including light-cured and 

dual-cured resin cements [13]. Dual-cured resin cements combine the light-activated 

polymerization with the chemical curing mode, which can compensate the curing light 

[14]. The light-initiated component can be light-cured immediately, while 

redox-initiated component cures gradually [15]. It was also reported that the bond 

strength of dual-cured resin cement was higher than that of light-cured resin cement 

[16]. However, it was noticeable that acidic monomers in self-etch adhesives inhibited 

the polymerization of dual-cured composite resins [17]. Furthermore, the dual-cure resin 

cements had considerably greater differences in the color change because of the amine 

[18]. Besides, since light-cured resin cements can only be polymerized when light cured, 

they can provide sufficient working time and facilitate excess cement removal [19]. 

After light curing, they can acquire immediate final polymerization and strength [20]. 

Moreover, light cured resin cements offer better color stability as they do not contain 

chemical amine initiators [21]. Therefore, light-cured resin cements are usually 

suggested to bonding thin and translucent laminate veneers. In addition, resin composite 

was suggested to be used as cement, as its large filler size and big volume, can offer 

better bond strength and mechanic performance [22]. 

This purpose of this study was to evaluate the microtensile bond strength (µTBS) 

of four different resin materials bonded between dentin and CAD/CAM resin block, as 

long as their Knoop hardness number (KHN) and cohesive strength. The null hypothesis 

of the study was that (i) there were no differences in µTBS, KHN and cohesive strength 
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of four resin materials, (ii) time do not affect µTBS, KHN and cohesive strength of four 

resin materials. 

 

Materials and Methods 

This study was approved by Hokkaido University Research Ethics Committee 

(approval number 2018-9). Twenty-four extracted caries-free human third molars were 

stored in 0.5% Chloramine-T solution at 4℃ and utilized within 6 months after 

extraction. 

1.Materials Used in the Study 

Three types of resin cements and one resin composite were used in this study as 

follows: (1) Panavia Veneer LC (PL), (2) Variolink Esthetic LC (VE), (3) Panavia V5 

(PV), and (4) Clearfil AP-X (AP). According to the manufacturer’s instructions, these 

four materials were applied after Panavia V5 tooth primer (PV-Primer), Adhese 

Universal (AU), and Clearfil SE Bond 2 (SE2). Additionally, the ceramic primers, 

Clearfil Ceramic Primer Plus, and Monobond Plus, were also used. All materials used in 

this study, along with their compositions, are shown in Table 1. 

2.µTBS test and fracture mode analysis 

The schematic diagram of this procedure is presented in Figure 1. Twenty-four 

caries-free human third molars and CAD/ CAM (12 sizes; shade A3LT) resin blocks 

(Katana Avencia Block 2, Kuraray Noritake Dental, Tokyo, Japan) were applied to 

prepare the specimens. The CAD/CAM resin blocks were sliced into 1.5 mm thickness 

using a slow-speed diamond saw (Isomet Buehler, IL, USA). The surfaces of resin slices 

were polished under running water for 60 s with 600-grit SiC paper (Sankyo-Rikagaku 

Co., Ltd., Tokyo, Japan), sandblasted with 50 µm alumina powder at 0.2 MPa, 
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ultrasonically cleaned for 2 min, and then dried with a syringe air blow for 10 s. All 

CAD/CAM resin slices were etched with phosphoric acid for 5 s, and then cleaned with 

running water for 20 s, dried for 10 s, and treated with silane coupling agent according 

to the manufacturer’s instructions. 

The flat, occlusal middle dentin surface was exposed using a gypsum model 

trimmer under water cooling and then polished with #600 SiC paper (Sankyo-Rikagaku 

Co., Saitama, Japan) for 60 s under running water to produce a standardized smear layer. 

All teeth were randomly divided into four groups based on the types of resin materials: 

PL, VE, PV, and AP. For the PL and PV groups, PV-Primer was applied to the exposed 

dentin surface following the manufacturer’s recommendation. In the VE group, AU was 

applied to the exposed dentin surface. The AP group received the application of primer 

and bonding agent SE2 on the exposed dentin surface. After applying the adhesive agent, 

each dentin surface was light-cured for 10 s at 2000 mW/cm2 using a cordless LED 

(Pencure2000, Morita, Tokyo, Japan). Subsequently, resin materials were applied to the 

tooth surface, and the prepared CAD/CAM resin slices were firmly pressed over the 

resin materials. The samples were light-cured for 20 s. To obtain the 4 mm standard 

height for the µTBS test, the upper side of the CAD/CAM resin slice was applied with 

Clearfil Ceramic Primer Plus (Kuraray Noritake Dental, Tokyo, Japan) and SE Bond 

primer, followed by SE Bond bond and light-cured for 10 s. Then, a 2.5 mm height of 

light-cured resin composite layer was built on the surface of the resin slice. All 

specimens were stored in distilled water at 37℃ for 24 hours. 

After 24 hours of storage in distilled water at 37℃, each specimen was 

longitudinally cross-sectioned with a low-speed diamond saw (IsoMet 1000, Buehler; 

Lake Bluff, IL, USA) to produce resin-dentin beams (1±0.05 mm2). The beams from 
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three specimens in each group were stored in distilled water for 6 months and the beams 

from the other three specimens were tested for µTBS immediately. Five central beams 

were selected from each specimen for the µTBS test (n=15). The beams were fixed to a 

Ciucchi’s jig with cyanoacrylate glue (Dentsply, Otahara, Japan) and subjected to tensile 

forces at a crosshead speed of 1 mm/min in a desktop testing apparatus (EZ-S, 

Shimadzu, Kyoto, Japan) until failure occurred. Bond strength was expressed in MPa. 

The mean bond strength was calculated from fifteen beams obtained from three teeth, 

resulting in 15 values for each test group. 

After testing, the fractured beams were carefully removed from the jigs and 

mounted on the aluminum stubs. The fracture modes of the specimens were visualized 

by light microscope (×20 magnification; Magnifier Light, Asone, Osaka, Japan), then 

coated with Pt-Pd for 120 s and confirmed by scanning electron microscopy (SEM) 

(S-4000, Hitachi, Tokyo, Japan) at an accelerating voltage of 10 kV. Failure modes on 

the dentin sides of beams were taken into consideration and classified as follows: 

fracture failure in adhesive; fracture failure in cement; fracture failure in dentin; mixed 

failure in cement and resin block; fracture failure in resin composite. 

3.Microhardness measurement 

A transparent silicon model was fabricated with a 2 mm height and 10 mm diameter 

hole. Two glass microscope slides were placed over the top and the bottom of hole to 

keep the surface smooth. The resin materials were dispensed directly into the hole and 

light-cured for 20 s both on top and bottom of specimens using a cordless LED at 2000 

mW/cm2. During the light activation procedure, the light guide was positioned in the 

middle of the specimen. All procedures were conducted at 23±2℃ temperature and 50

±10% humidity to prevent photo-initiator sensitization. Additionally, a filter was 
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employed to maintain ambient red light. Ten specimens were prepared for each group. 

Half of the specimens were tested after 24 hours while others were tested after 6 months 

of storage in a dry, dark environment at 37℃.  

Indentations and microhardness measurements (KHN) were sequentially 

performed using a microhardness tester with a 20× objective lens and a 25 gf load for 

15s. Each specimen was indented for ten times at 0.5 mm intervals, starting from the 

center and proceeding outward. The long-axis length of each indentation was measured 

and recorded. Subsequently, the KHN of the specimens was calculated. 

4.Cohesive strength test 

The resin material was dispensed directly to a transparent silicon model with 20 

mm length and 2 mm inner diameter. After light-cured for 20 s at 2000 mW/cm2, the 

specimens were trimmed to the dumbbell shape with a neck diameter of 1 mm, and then 

stored in the distilled water at 37℃. Twelve specimens were prepared for each group. 

After 24 hours or 6 months of water storage, the specimens underwent µTBS were 

tested to assess cohesive strength, following the previously mentioned test procedure 

(n=6).  

5.Statistical Analysis 

Statistical analysis was conducted using the SPSS software package, Statistical 

Package for the Social Sciences for Windows (SPSS version 25; IBM Corp, Armonk, 

NY, USA). The normal distribution was assessed using the Shapiro-Wilk test, and the 

homogeneity of variance was evaluated using Levene’s test. Based on the results of 

these tests, the µTBS data, KHN, and cohesive strength data were subjected to a 

two-way ANOVA followed by Tukey HSD post-hoc test (α=0.05). What’s more, a 

one-way ANOVA and Tukey HSD post-hoc test were separately conducted to compare 
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all groups of µTBS, KHN, and cohesive strength (α=0.05). 

 

Result 

1.µTBS  

The means and standard deviations of µTBS values are presented in Table 2. 

Two-way ANOVA revealed significant effect of materials (p<0.001) on the μTBS, while 

there were no significant effect of time (p=0.281) on the μTBS. Furthermore, the 

interaction between materials and time also demonstrated the significance (p<0.001).   

One-way ANOVA indicated a significant difference among all eight groups 

(p<0.001). The Tukey HSD post-hoc test showed that the µTBS of the VE group was 

significantly lower than that of the other three materials both after 24 hours and 6 

months (p<0.001). There was no significant difference between PL and AP for either the 

24 hour or 6 month (p>0.05). Moreover, the µTBS of the PV group significantly 

increased after 6 months (p<0.001).   

2. Fracture mode analysis 

The failure modes are presented in Table 2, with no observed pretest failures. Figure 

2 and 3 show the SEM images of the representative fracture modes at the dentin side at 

x80 and 1000 magnifications. In the PL, VE, and PV groups, the primary fracture mode 

was cohesive failure in the resin material, observed both after 24 hours and 6 months. 

Conversely, in the AP group, the predominant failure mode was cohesive failure in 

dentin. Notably, there were no instances of adhesive failure or dentin failure in the PL 

group and no resin cement failure in the PV group for both after 24 hours and 6 months. 

And the highest percentage of cement failure was observed in the VE group. 

3. Micro hardness evaluation 
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The results of KHN are presented in Table 3. Two-way ANOVA revealed 

significant effects of materials (p<0.001) and time (p=0.017) on KHN. However, the 

interaction between materials and time showed no statistical significance. The KHN of 

AP was significantly higher than that of other materials (p<0.001). The KHN of VE and 

PL did not show statistical significance (p=0.126), but they were both significantly 

higher than PV. One-way ANOVA showed a significant difference among all eight 

groups (p<0.001). The Tukey HSD test indicated that the KHN of all materials showed 

no significant difference between 24 hours and 6 months (p>0.05).  

4. Cohesive strength 

    The results of cohesive strength are shown in Table 4. Two-way ANOVA revealed 

a significant effect of materials (p<0.001) on the cohesive strength. However, there was 

no significant effect of time (p=0.841) on the cohesive strength, and no significant 

interaction between materials and time (p=0.900). According to the post-hoc test, AP 

exhibited the highest cohesive strength compared to PL, VE, and PV (p<0.001). 

Additionally, the cohesive strength of PV was significantly higher than VE and PL 

(p<0.001), while the cohesive strength of VE and PL had no significant difference 

(p=0.971).  

One-way ANOVA showed a significant difference among all eight groups 

(p<0.001). The Tukey HSD test indicated that the cohesive strength of all materials 

showed no significant difference between 24 hours and 6 months (p>0.05).  

 

Discussion 

Based on the current results, the first null hypothesis was rejected, which means 

that µTBS, microhardness, and cohesive strength were significantly affected by types of 
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resin materials. The second null hypothesis was partially rejected, symbolizing that the 

dual-cured resin cement achieved an increasing µTBS after 6 months of water storage. 

All materials showed better durability, which means the degradation of all materials 

didn’t excessively occur. 

Bond strength is usually to evaluate resin cements [23, 24]. The laboratory 

methods commonly used for testing bond strength include tensile bond strength test and 

shear bond strength test [25, 26]. According to the size of the bonding area, these tests 

can be categorized as macroscopic (bonding area > 3 mm²) and microscopic (bonding 

area ≤ 3 mm²) [27]. Sano proposed the µTBS test, which involves testing small areas of 

tensile bond strength to reduce interference from interface defects during the bonding 

process and to decrease the likelihood of cohesive failure within the sample [28]. The 

µTBS acquires a more concentrated stress distribution and provides a more accurate 

measure of the precise bonding strength of the adhesives [29]. As a result, they are 

commonly used in studies on the bond strength of dental bonding materials [30, 31, 32]. 

In present studies, two-way ANOVA revealed significant effects on resin materials 

(p<0.001) of the μTBS, KNH, and cohesive strength. Therefore, the null hypotheses in 

terms of µTBS KNH and cohesive strength were all rejected. Meanwhile, there were no 

significant effects on the durability of all materials. 

AP, when bonded with SE2, a two-step, self-etch, light-cure bonding agent, showed 

very high and durable bond strength. Previous research showed that two-step self-etch 

adhesives could improve the resin degree of conversion (DC), and produce a 

high-quality of hybrid layer and acid-base resistant zone at resin-dentin interface [33, 34, 

35]. This is possibly due to the presence of 10-methacryloyloxydecyl dihydrogen 

phosphate (10-MDP). It is noticeable that the 10-MDP, the functional monomer, can 
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dissolve the smear layer, and chemically bond to hydroxyapatite, enhancing monomer 

permeability [36]. SE2 contributes to the high quality of the hybrid layer and acid-base 

resistant zone at the resin dentin interface [37]. The light-initiated system may also 

contribute to the higher µTBS since it can enhance its conversion degree and 

mechanical properties [34]. Furthermore, the relatively high amount of inorganic filler 

and particle size may also be attributed to the higher µTBS. It has been reported that 

resin cement with high fillers can significantly enhance the bonding strength and reduce 

the microleakage of the contact surface between dentin and resin composite [38]. Since 

AP is a highly filled hybrid-filled composite containing barium glass and colloidal silica 

fillers with a mean particle size of 3µm and a particle distribution between 0.1 mm and 

15 mm, with a filler percentage of 70 vol% (86 wt%) [39]. Therefore, based on its 

improved mechanical performance by its higher filler content, resin composite has been 

suggested to be used as cement [40].  

PL, when bonded with Panavia V5 tooth primer, also showed comparable high 

µTBS to AP (p< 0.05) both after 24 hours and 6 months of water storage. Panavia V5 

tooth primer is a self-etching adhesive for tooth structure (dentin and enamel) that seals 

the tooth-adhesive interface securely as soon as paste is applied to it [41]. This primer 

can improve surface wettability and its unique touch and cure technology can initiate 

the polymerization at the adhesive interface without light curing and establish a strong 

bond to enamel and dentin [36]. The considerably higher μTBS may also be attributed 

to its component. According to the manufacturer, the total amount of inorganic filler is 

approximately, 47 vol% (66 wt%) and the particle size of inorganic fillers ranges from 

0.05 μm to 8 μm [42]. At the same time, newly developed spherical silica fillers used in 

PL may further enhance the translucent structure of light-cured resin cement, leading to 
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improved polymerization kinetics and better bond strength [43], which may also 

contribute to its good durability. 

In this study, the µTBS of the PV group is significantly lower than AP and PL after 

24 hours. However, after 6 months of water storage, it significantly increased, which 

was comparable to PL and AP. As a dual-cured resin cement, PV contains chemical 

initiators that continue the polymerization reaction to compensate for incomplete light 

curing [44]. It was reported that PV could be activated by both photo- and chemical- 

initiators [45]. Akehashi et al. speculated that PV greatly depends on the chemical 

initiator [36]. Consequently, PV will provide better bond effect when the restorations 

are of poor translucency, greater thickness, or darker shade which will impede light 

curing [46].  

Whether after 24 hours or 6 months of water storage, the µTBS of VE is 

significantly the lowest. According to the manufacture, the total volume of inorganic 

fillers is approximately 38 vol % and the mean particle size is 0.1 μm. The other 

possible reason may be the universal adhesive. It was argued that universal adhesives 

mix together components that previously belonged to multiple bottles and do n0t 

significantly improve adhesive performance [47]. 

Another important indicator for evaluating bonding performance is the distribution 

of fracture modes. The proportion of various fracture modes is often related to the 

bonding strength of the adhesive material. Generally, when the failure occurs at the 

bonding interface, the value of the bonding strength can best reflect the bonding 

property of the adhesive. Van Landuyt found a positive correlation between bond 

strength and fracture modes [48]. For the PL, VE, and PV groups, the dominant fracture 

mode was in cement while AP group was in dentin both after 24 hours and 6 months of 
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water storage.  

Surface microhardness is one of the most important parameters for evaluating 

physical properties of dental materials. It has been reported that resin hardness is 

strongly related to its degree of conversion (DC), which means the higher DC is, the 

greater amount of cross-linked polymers are [15]. However, it can also be affected by 

the cross-linking density in the polymer matrix, the chemical composition, amount of 

fillers, and matrix composition [49]. Comparing to resin cement, resin composite 

usually has a higher filler content and filler size [50, 51]. The highest KHN of AP may 

be related to its filler size and volume. In this research, the KHN of all tested materials 

were not decreased after 6 months, which suggests that all materials have stable 

durability. It was reported that DC of dual-cured cements was usually than light-cured 

cements due to its chemical cure. However, in this study, the KHN of PL was 

significantly higher than PV, which suggested that the specific spherical silica fillers 

may get better translucency to improve the DC. 

Cohesions are an attraction process that occurs between similar molecules, 

primarily as the result of chemical bonds that have formed between the individual 

components of the adhesive or luting agent [52]. Thus, cohesions may be defined as the 

internal strength of an adhesive. It is common to increase the filler volumes and particle 

sizes to improve the cohesive strength of the composite materials [52]. It is noteworthy 

that VE displayed comparable cohesive strength to PL. When the specimen of cohesive 

strength was prepared, it was under the light directly while the µTBS was beneath the 

resin slice. It could be speculated that VE is more sensitive to the curing-light 

attenuation than PL.  
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Conclusions 

   Within the limitations of this in vitro study of resin materials, it can be concluded 

that:  

1. When bonded between dentin and CAD/CAM resin block, PL, PV and AP showed 

better bond strength and good durability.  

2. The KHN and cohesive strength of all resin materials showed significant differences. 

However, all of them have good durability. 

3. PL exhibited good bonding performance and durability, which might be attributed to 

its specific translucency structure. 

Further studies would focus on the color stability, water sorption, and degree of 

conversion to verify this research results. 
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Figure 1. Graphical representation of specimen preparation and experimental set-ups for 

evaluating µTBS and fracture mode. 

 

 
Figure 2. SEM images show the fractured surface following the µTBS test (×80 and 
×1000). PL, VE, PV and AP mainly represent the cohesive failure after 24 hours and 6 
months. (A, B, C, D, E, F, G, H) represents higher magnification of (a, b, c, d, e, f, g, h) 
respectively. 
  
Table 1 Compositions of the materials tested. 
 

Materials Manufacturer Compositions Curing type 

Panavia Kuraray silanated spherical silica, UDMA, Ytterbium trifluoride, Light-cured 
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Veneer LC 

Lot# 5B0005 

Noritake Dental, 

Tokyo, Japan 

TEGDMA, hydrophilic aliphatic dimethacrylate, hydrophilic 

amide monomer, accelerators, dl-camphorquinone, pigments 

Variolink 

Esthetic LC  

Lot# Z03R50 

Ivoclar 

Vivadent, 

Schaan, 

Liechtenstein 

 ytterbium trifluoride and spheroid mixed oxide, UDMA, 

Bis-GMA, HEMA, TEGDMA, and GDMA, initiator, 

stabilizer, pigments  

Light-cured 

Panavia V5 

Lot# 8H0168 

Kuraray 

Noritake Dental, 

Tokyo, Japan 

Paste-A: Bis-GMA, TEGDMA, hydrophobic aromatic 

dimethacrylate, hydrophilic aliphatic dimethacrylate, 

initiators, accelerators, silanated barium glass filler, silanated 

fluoroalminosilicate glass filler, colloidal silica 

Paste-B: Bis-GMA, hydrophobic aromatic dimethacrylate, 

hydrophilic aliphatic dimethacrylate, silanated barium glass 

filler, silanated aluminum oxide filler, accelerators, 

dl-camphorquinone, pigments 

Dual-cured 

Clearfil AP-X 

Lot# 850124 

Kuraray 

Noritake Dental, 

Tokyo, Japan 

Bis-GMA, TEGDMA, silanated barium glass filler, silanated 

silica filler, silanated colloidal silica, dl-camphorquinone, 

catalysts, accelerators, pigments 

Light-cured 

Panavia V5 

Tooth Primer 

Lot# AW0071 

 

Kuraray 

Noritake Dental,  

Tokyo, Japan 

MDP, HEMA, hydrophilic aliphatic dimethacrylate, 

accelerators, water 

 

Adhese 

Universal 

Lot# Z027JP 

Ivoclar 

Vivadent, 

Schaan, 

Liechtenstein 

Bis-GMA, HEMA, MDP, MCAP, decandiol dimethacrylate, 

dimethacrylate, ethanol, water, initiator, stabilizers, silicon 

dioxide  

 

Clearfil SE 

Bond 2 

Lot# 4A0114, 

4H0173 

 

Kuraray 

Noritake Dental, 

Tokyo, Japan 

Primer: MDP, HEMA, hydrophilic aliphatic dimethacrylate, 

dl-camphorquinone, hydrophobic aliphatic, water  

Bond: MDP, Bis-GMA, HEMA, dl-camphorquinone, 

hydrophobic aliphatic dimethacrylate, initiators, 

accelerators, silanated colloidal silica 

 

Clearfil 

Ceramic 

Primer Plus 

Lot# 2R0053 

Kuraray 

Noritake Dental, 

Tokyo, Japan 

Ceramic primer: 3-trimethoxysilylpropyl methacrylate, 

MDP, ethanol 

 

Monobond 

Plus 

Lot# Z038T1 

Ivoclar 

Vivadent, 

Schaan, 

Liechtenstein 

Alcohol solution of silane methacrylate, phosphoric acid 

methacrylate, sulfide methacrylate 

 

Bis-GMA: bisphenol-A-diglycidylmethacrylate; HEMA: 2-hydroxyethyl methacrylate; MDP: 

10-methacryloxydecyl dihydrogen phosphate; TEGDMA: triethyleneglycol dimethacrylate; UDMA: 

urethane dimethacrylate. 
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Table 2 Mean ± SD (MPa) of microtensile bond strengths and fracture modes of resin 
materials. 
 
Resin 
Cements 

Mean ± SD  
(24 h) 
(n = 15) 

Fracture Mode  
(24 h) 
A/C/D/Mixed/R 

Mean ± SD  
(6 months) 
(n=15) 

Fracture Mode 
(6 months) 
A/C/D/Mixed/R 

PL 58.72 ± 9.53cd 0/10/0/2/3 59.13 ± 7.01cd 0/10/0/3/2 
VE 17.62 ± 3.08a 1/14/0/0/0 10.65 ± 3.72a 2/13/0/0/0 
PV 39.45 ± 6.27b 0/13/0/2/0 53.26 ± 10.17c 2/11/1/1/0 
AP 63.14 ± 8.22d 1/3/5/2/4 61.98 ± 10.12d 0/4/7/0/4 
The same letter indicates no statistical difference. The different letters indicate statistically significant 
differences (p < 0.05). A: fracture failure in adhesive; C: fracture failure in cement; D: fracture failure in 
dentin; Mixed: mixed failure in cement and resin block; R: fracture failure in resin composite.  
 
Table 3 Means ± SD of KHN of the resin materials. 
 
Resin Cements KHN (24 h) 

(n = 15) 
KHN (6 months) 
(n=15) 

PL 28.45 ± 1.31bc 30.41 ± 2.58c 
VE 31.03 ± 2.46c 33.19 ± 1.35c 
PV 22.38 ± 2.23a 24.81 ± 1.19ab 
AP 98.90 ± 4.76d 100.70 ± 4.74d 
The same letter indicates no statistical difference. The different letters indicate statistically significant 
differences (p < 0.05).  
 
Table 4 Mean ± SD (MPa) of cohesive strength of resin materials. 
 
Resin Cements Mean ± SD (24 h) 

(n = 15) 
Mean ± SD (6 months) 
(n=15) 

PL 55.64 ± 6.86a 54.63 ± 11.97a 
VE 54.92 ± 5.54a 58.56 ± 6.68a 
PV 76.21 ± 8.17b 76.99 ± 4.23b 
AP 115.22 ± 12.76c 113.90 ± 11.32c 
The same letter indicates no statistical difference. The different letters indicate statistically significant 

differences (p < 0.05) 


