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A B S T R A C T   

Objectives: CAD/CAM hybrid materials have become increasingly utilized in restorative dentistry. 
However, their low tensile bond strength (TBS) may lead to the detachment of minimally invasive 
restorations. When prepared, an experimental enamel-based biopolymer prosthesis provided a 
honeycomb-like interfacial layer with luting adhesives leading to a higher TBS than Ni–Cr–Be 
based alloy, lithium disilicate-based ceramic, and cured-resin-composite. This study aimed to 
compare TBSs of dental veneers fabricated from experimental biopolymer and commercial hybrid 
materials bonded to enamel using two different luting adhesives. 
Methods: Laminate veneers (4 × 4 mm) 1 mm thick were prepared from commercial CAD/CAM 
blocks: VITA ENAMIC, SHOFU Block HC, KATANA AVENCIA, and an experimental biopolymer. 
The flat bonding surface of the veneers was ground to 600-grit, followed by 50-μm alumina air- 
abrading for standardization. Each veneer was fixed on flat ground bovine enamel using either 
Super-Bond C&B or RelyX™ U200 resin (n = 10). The surface treatment and bonding procedures 
were treated as recommended by the manufacturers. All bonded specimens were stored in water 
at 37 ◦C for 24 h before tensile testing with a universal testing machine at a cross-headed speed of 
1.0 mm/min. The fractured surface was examined with a stereomicroscope and scanning electron 
microscope. TBS data were statistically analyzed using two-way ANOVA and Tukey’s HSD test (α 
= 0.05). 
Results: Experimental biopolymer veneers demonstrated the highest mean TBS with cohesive 
failure in the luting agents. Adhesive failure at the veneer side interface was found in other 
groups. There was no significant difference between the two luting agents. 
Conclusion: The results indicate that the experimental biopolymer veneer bonded to enamel 
provided the best retention. The TBS at the enamel-resin interface is higher than at the veneer- 
resin interface for all commercial CAD/CAM hybrid materials. 
Clinical significance: An experimental enamel-based biopolymer veneer can provide better reten-
tion than CAD/CAM hybrid materials in clinical treatment.   

1. Introduction 

Restorative materials such as ceramic and resin composite restorations have become popular due to their aesthetic qualities. 
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However, dental ceramics have several limitations because of their hardness and brittleness. Their extreme hardness may promote 
wear on the opposing enamel [1,2], and their brittleness makes restorations prone to fracture. Porcelain fracture is a common failure 
that can occur with dental ceramic restorations or fixed partial dentures [3–5]. All-ceramic crowns had an 11.024 times greater risk of 
needing renewal than metal crowns in function up to 15 years. The cause of failure was always from ceramic fracture [3]. 

Porcelain laminate veneers are one of the most popular cosmetic and minimally invasive of dental treatments. They are 0.5–1.00 
mm thick, tooth-colored, and made for patients who desire to improve their appearance. These veneers can change the color, contour, 
shape, and size of the teeth they cover and bond to using luting adhesives. A thin layer of enamel (0.5–1.00 mm) is removed to provide 
space for each veneer which will protect the prepared enamel or dentin after bonding with resin adhesives [6]. 

In dentistry, CAD/CAM (Computer-aided design/Computer-aided manufacturing) technology has become increasingly utilized and 
popular. It was created with various benefits in mind, including speed, quality control, lower marginal discrepancy after cementation, 
and repeatability [7,8]. A new CAD/CAM hybrid material combines the benefits of ceramic and polymer features, such as increased 
flexural capability, less abrasiveness, and improved color stability and durability [9,10]. Air-abrasion, hydrofluoric acid, and silani-
zation of CAD/CAM hybrid material can significantly increase the tensile bond strength [11–14]. The bonding characteristics vary 
depending on the brands of commercial CAD/CAM hybrid materials, which have different microstructures and chemical composition 
characteristics [11,15]. Commercial brands of hybrid materials, such as polymer-infiltrated ceramic network (PICN) material (VITA 
ENAMIC), Zirconia-silica ceramic (SHOFU Block HC), and resin nanoceramic (Lava Ultimate), have been introduced to the market. 

A dental prosthesis fabricated using an experimental hybrid material, an enamel-based biopolymer, provided a microhardness 
value and color similar to human enamel. Furthermore, surface treatment with 50 μm alumina blasting and phosphoric acid etching of 
this biopolymer can create a honeycomb-like interfacial layer when using Super-Bond C&B luting cement, leading to a higher TBS than 
that of air-blasted lithium disilicate-based ceramic, based metal alloy, and cured resin composite [16]. According to these properties, 
an experimental enamel-based biopolymer can be the selected material for a CAD/CAM dental laminate veneer. For the long-term 
clinical survival of laminate veneers, developing durable materials with strong adhesive properties and ease of preparation is essential. 

The study hypothesis was that a honeycomb-like interface of an experimental enamel-based biopolymer might improve dental 
veneer retention compared with commercial CAD/CAM hybrid materials. This research aimed to evaluate the tensile bond strength of 
the different microstructures of hybrid material veneers bonded on bovine enamel surfaces. 

2. Materials and methods 

The Faculty Executive Committee, Faculty of Dentistry, Chulalongkorn University, Bangkok, Thailand, approved the study pro-
tocol. Fig. 1 shows a schematic workflow of the principal experimental procedures. 

2.1. Preparation of laminate veneers and tooth surface 

A laminate veneer, 4 mm × 4 mm, and 1 mm thick, was prepared from commercial CAD/CAM hybrid materials and an experi-
mental enamel-based biopolymer blocks using a sectioning machine (Isomet, Buehler, Lake Bluff, IL) and a diamond disk. The main 
compositions of four hybrid materials (VITA ENAMIC, SHOFU Block HC, KATANA AVENCIA, Experimental biopolymer), two luting 
adhesives with ceramic primers (Super-Bond C&B with Universal Ceramic Primer; RelyX™ U200 with RelyX Ceramic Primer) used in 
this study were listed in Table 1. The veneers’ bonding surfaces of each group (n = 20) were ground flat for surface standardization 
with 400-grit and 600-grit silicon carbide (Si–C) abrasive papers in a polishing machine (Minitech 233, Presi, Le Locle, Switzerland) 
under water cooling. After air-abrading with 50 μm alumina procedures, all veneers were ultrasonically cleaned in distilled water for 
15 min and then air-dried. All specimens in each group were randomly divided into two subgroups for two different types of resin 

Fig. 1. A schematic workflow of experimental procedures.  
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cement. The G power program calculated a sample size of 10 (n = 10) for each group. 
The labial aspect of a bovine tooth was sectioned into 4 mm wide, 4 mm long, and 2 mm thick with a diamond disk using a low- 

speed handpiece and each slab was then embedded in a polyvinyl chloride (PVC) tube with dental stone. The enamel surfaces of all 
blocks were ground flat for surface standardization with 400-grit and 600-grit silicon carbide (Si–C) abrasive paper in a polishing 
machine under wet conditions. After polishing, the substrate surfaces were ultrasonically cleaned in distilled water for 15 min and then 
air-dried. The surface treatment, bonding, and luting steps were treated following the manufacturer’s recommendation (Table 2). 

2.2. Luting procedure 

The bonding interface of 3.0 mm in diameter was standardized using polyethylene tape. The veneer specimens were bonded to the 
conditioned bovine enamel surfaces using either Super-Bond C&B (Sun Medical, Moriyama, Japan) or RelyX™ U200 (3M-ESPE St. 
Paul, MN, USA) according to the manufacturer’s instructions. Veneer fixing was performed under a constant perpendicular load of 1 kg 
for 10 min using a customized tool. The Super-Bond C&B groups were left to set in self-curing mode while the RelyX™ U200 groups 
were light-cured for 40 s with an LED light curing unit (EliparTrilight™ S10, 3M-ESPE St. Paul, MN, USA). The bonded specimens were 
stored in distilled water at 37 ◦C for 24 h in an incubator (Contherm 160 M, Contherm Scientific Ltd, Korokoro, Lower Hutt, New 
Zealand) following the ISO/TS 11405 standard method. 

2.3. Tensile bond strength test 

All bonded specimens were fixed to a customized metallic tool, placed accurately in a universal testing machine (SHIMADZU, EZ-S 
500 N model, Japan), and loaded in tension at a cross-headed speed of 1.0 mm/min until failure occurred following the ISO/TS 11405 
guidance. The debonded surface of post-measurement specimens was observed under a stereomicroscope (Olympus Stereo Micro-
scopes, SZ61, Japan) at 40 × magnification to determine the failure patterns and then followed by scanning electron microscope 
analysis (FEI Quanta 250, OR, USA). Four fractured specimens from the experimental biopolymer group were randomly selected to 
examine the veneer-resin interfacial layer. Each fractured specimen was sectioned to prepare two 1 mm thick specimens for a polished 

Table 1 
Main compositions and manufacturers of commercial hybrid materials, the experimental biopolymer, luting adhesives, and ceramic primers.  

Material Manufacturer Composition 

VITA ENAMIC Vita Zahnfabrik, Germany 86 wt% feldspar ceramic 
Polymer: UDMA, TEGDMA 

SHOFU Block HC Shofu Inc., Kyoto, Japan 61 wt% zirconium silicate, silicon dioxide 
Polymer: UDMA, TEGDMA 

KATANA AVENCIA Kuraray Noritake Dental, 
Niigata, Japan 

62 wt% alumina filler (20 nm), silica filler (40 nm) 
Polymer: UDMA, TEGDMA 

Experimental 
biopolymer 

– 90 wt% bovine enamel 
Polymer: PMMA 

Super-Bond C&B Sun Medical, Moriyama, Japan Monomer: MMA, 4-META; Catalyst: TBB 
Polymer: PMMA 

RelyX™ U200 3M-ESPE St. Paul, MN, USA Base paste: Methacrylate monomers containing phosphoric acid group, silanated fillers, initiator 
components, stabilizers 
Catalyst paste: Methacrylate monomers, alkaline (basic) fillers, silanated fillers, initiator 
components, stabilizers, pigment 

Universal Ceramic 
Primer 

Sun Medical, Moriyama, Japan Liquid A: Methacrylic monomer, others 
Liquid B: Methacrylic monomer, silane coupling agent 

RelyX Ceramic Primer 3M-ESPE St. Paul, MN, USA Ethyl alcohol, water, methacryloxypropyltrimethoxysilane 

UDMA = Urethane dimethacrylate; TEGDMA = Triethylene glycol dimethacrylate; PMMA = Poly(methyl methacrylate); MMA = Methyl methac-
rylate; 4-META = 4-methacryloyloxyethyl trimellitate anhydride; TBB = Tri-n-butyl borane. 

Table 2 
Enamel and veneer bonding surface treatment for each luting adhesive.  

Bonding surface Super-Bond C&B RelyX™ U200 

Enamel block 65% Phosphoric acid (Red activator) 30s, rinse 10s, air-dried 10s 37% Phosphoric acid 15s, rinse 10s, air-dried 10s 
VITA ENAMIC 5% Hydrofluoric acid (HF) for 60s rinse 10s, air-dried 10s, and 

Universal Ceramic Primer application 
5% Hydrofluoric acid (HF) for 60s rinse 10s, air-dried 10s, and RelyX 
Ceramic Primer application 

SHOFU Block HC Air-blasting with 50-μm aluminum oxide particles perpendicular to 
the surface from a distance of 10 mm. for 10s at 2 bar pressure before 
Universal Ceramic Primer was applied 

Air-blasting with 50-μm aluminum oxide particles perpendicular to 
the surface from a distance of 10 mm. for 10s at 2 bar pressure before 
RelyX Ceramic Primer was applied 

KATANA 
AVENCIA 

Air-blasting with 50-μm aluminum oxide particles perpendicular to 
the surface from a distance of 10 mm. for 10s at 2 bar pressure before 
Universal Ceramic Primer was applied 

Air-blasting with 50-μm aluminum oxide particles perpendicular to 
the surface from a distance of 10 mm. for 10s at 2 bar pressure before 
RelyX Ceramic Primer was applied 

Experimental 
biopolymer 

65% Phosphoric acid (Red activator) 30s, rinse 10 s, air-dried 10s 65% Phosphoric acid (Red activator) 30s, rinse 10s, air-dried 10s  
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and a chemical challenge with 6 mol/L Hydrocholic acid (HCl) for 30s specimens. The veneer-luting resin interface of fractured 
experimental biopolymer was wet abraded from #400 to #2000 grit abrasive papers and polished with 0.05 μm alumina paste. All 
specimens were ultrasonically cleaned and prepared for SEM examination at × 1500 to × 6000 magnifications to visualize the 
characteristics of the interface [16]. 

2.4. Statistical analysis 

Statistical analysis was performed using SPSS version 22.0 (SPSS Inc, Chicago, Illinois). First, a two-way analysis of variance (two- 
way ANOVA) was used to compare the mean tensile strength among groups at a 95% confidence level (α = 0.05), followed by Tukey’s 
HSD post-hoc test to compare between groups. 

3. Results 

3.1. Tensile bond strength (TBS) 

The means and standard deviations (SD) of tensile bond strength and failure modes are summarized in Table 3. Two-way ANOVA 
showed no statistically significant interaction between hybrid materials and luting agents (p > 0.05). No statistically significant dif-
ferences in tensile bond strengths were found between the two types of luting resin. One-way ANOVA was used for statistical analysis 
of veneer material types. The highest mean bond strength was observed for the experimental biopolymer group, while the lowest was 
observed for SHOFU Block HC groups, regardless of resin adhesives. 

In Super-Bond C&B adhesive group, the experimental biopolymer had the highest mean value (12.09 ± 2.08 MPa), followed by 
VITA ENAMIC (9.01 ± 3.04 MPa), KATANA AVENCIA (8.19 ± 3.59 MPa), and SHOFU Block HC (5.34 ± 1.33 MPa) respectively. 
However, there was no significant difference between the experimental biopolymer and VITA ENAMIC. 

In RelyX™ U200 adhesive group, the experimental biopolymer showed the significantly highest value (11.06 ± 2.40 MPa), fol-
lowed by VITA ENAMIC (7.14 ± 2.86 MPa), KATANA AVENCIA (7.02 ± 2.90 MPa), and SHOFU Block HC (6.00 ± 1.98 MPa) 
respectively. 

3.2. Failure mode 

The analysis of failure modes indicated cohesive failure in the cured luting resin (C) for all experimental biopolymer specimens 
(Fig. 2a and b). A 2–3 μm interfacial layer was found between the experimental biopolymer and luting resin (Fig. 3a and b). Adhesive 
failure at the veneer side interface (AV) was the most common failure that occurred in VITA ENAMIC (Fig. 4a and b) and KATANA 
AVENCIA (Fig. 5a and b) groups for both luting agents. Adhesive failure (AV) was found in all SHOFU Block HC specimens (Fig. 6a and 
b). For all specimens no adhesive failure at the enamel side interface (AE) was seen. Cohesive failure within luting resin, mixed failure, 
and adhesive failure at the veneer side interface were associated with the highest, higher, and lowest TBS, respectively. 

4. Discussion 

Experimental enamel-based biopolymer veneers provided the highest mean tensile bond strength with cohesive failure in both 
luting agent types (Table 3, Fig. 2a and b). This result suggests that the experimental biopolymer surface treatment using either 65% 
phosphoric acid etching for 30s or 37% phosphoric acid etching for 15s, rinsed with water, and air-dried 10s could create the 
permeability needed for luting adhesives to fully impregnate into the micro-spaces as well as that of conditioned bovine enamel. The 
honeycomb-like pattern interface between experimental enamel-based biopolymer and Super-Bond C&B has been shown in Fig. 3b and 
reported earlier [16]. The study’s results support the hypothesis. 

Adhesive failure at the veneer side interface was mainly found (70%) with VITA ENAMIC and KATANA AVENCIA (60%–70%) 
specimens with lower TBS compared with the experimental biopolymer (Table 3, Fig. 4a, 4b, 5a, 5b). These results imply that the micro 
space created either with 5% hydrofluoric acid etching for 60s of VITA ENAMIC or air-blasting with 50-μm aluminum oxide for 
KATANA AVENCIA produced either less undercut or only partial infiltration with primers and luting resin therefore, mixed failure was 
found in fewer specimens (30% and 30%–40%, respectively). 

CAD/CAM VITA ENAMIC is composed of 86% feldspathic ceramic network and an infiltrated resin (UDMA, TEGDMA), while 

Table 3 
Mean values and standard deviations (MPa) of tensile bond strength and mode of failure (number of specimens) for all groups.  

Veneer Material VITA ENAMIC SHOFU Block HC KATANA AVENCIA Experimental Biopolymer 

Luting resin Mean ± SD AV/C/M/AE Mean ± SD AV/C/M/AE Mean ± SD AV/C/M/AE Mean ± SD AV/C/M/AE 
Super-Bond C&B 9.01 ± 3.04AC 7/0/3/0 5.34 ± 1.33B 10/0/0/0 8.19 ± 3.59BC 6/0/4/0 12.09 ± 2.08A 0/10/0/0 
RelyX™ U200 7.14 ± 2.86B 7/0/3/0 6.00 ± 1.98B 10/0/0/0 7.02 ± 2.90B 7/0/3/0 11.06 ± 2.40A 0/10/0/0 

A, B, C Different superscript letters indicate significantly different at p < 0.05. 
Failure mode: AV = adhesive failure at the veneer side interface, C = cohesive failure within the luting resin, M = mixed failure of AV and C, AE =
adhesive failure at the enamel side interface. 
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KATANA AVENCIA contained 62% alumina (20 nm) and silica (40 nm) fillers dispersed in UDMA and TEGDMA resin matrix [7,9]. On 
the other hand, the experimental biopolymer, composed of 90% bovine enamel and infiltrated with PMMA resin, was more accessible 
to etch, had higher permeability, and had more undercut irregularity. Therefore, Super-Bond C&B, the PMMA resin using TBB for 
auto-polymerization, and RelyX™ U200, the light-cured resin-composite, containing 4-META/MMA and methacrylate with phos-
phoric acid group monomers, respectively could easily penetrate these micro-undercuts. Furthermore, the cohesive failure in resin 
(Fig. 2a and b) and the honeycomb-like hybrid layer (Fig. 3b) suggests that the phosphoric acid etched experimental biopolymer 
provides sufficient permeability for those monomers to highly impregnate, resulting in the highest TBS compared with other CAD/-
CAM commercial hybrid materials. 

The SHOFU Block HC group had the lowest TBS with adhesive failure at the veneer side interface in all specimens (Table 3, Fig. 6). 
It contained 61% nano-filler zirconium metallic glass as an inorganic part in the form of large spherical particles 1–10 μm and silicon 
dioxide dispersed in UDMA and TEGDMA polymer matrix [17]. The SEM micrograph of the SHOFU Block HC fractured surface 

Fig. 2. Stereomicroscope and SEM images of the fractured surface in experimental biopolymer specimens bonded with (a) Super-Bond C&B, (b) 
RelyX™ U200 demonstrating the cohesive failure in cured luting resin (C). (original × 40 and × 5000 for Stereomicroscope and SEM, respectively). 

Fig. 3. SEM micrographs of fractured experimental biopolymer bonded with Super-Bond C&B demonstrating the consistent thickness of the hybrid 
layer (arrowed) at the veneer-luting resin interface in (a) polished and (b) after soaking in 6 mol/L HCl for 30s (original × 3500 and × 6000, 
respectively; E = experimental biopolymer, R = resin, ME = modified experimental biopolymer). 
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Fig. 4. Stereomicroscope and SEM images of the fractured surface in VITA ENAMIC specimens bonded with (a) Super-Bond C&B, (b) RelyX™ U200 
demonstrating the adhesive failure at the veneer side interface (AV). (Original × 40 and × 5000 for Stereomicroscope and SEM, respectively). 

Fig. 5. Stereomicroscope and SEM images of the fractured surface in KATANA AVENCIA specimens bonded with (a) Super-Bond C&B, (b) RelyX™ 
U200 demonstrating the adhesive failure at the veneer side interface (AV). (Original × 40 and × 5000 for Stereomicroscope and SEM, respectively). 
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demonstrated the dislodgement of filler particles in both luting agents (Fig. 6a and b). This result suggests that air-blasting on the 
SHOFU Block HC veneer surface creates the least undercut irregularity, and its exposed filler particles after air-blasting are not well 
attached to the resin matrix, resulting in the easy detachment. 

Therefore, inorganic and resin compositions and microstructures of the four hybrid materials tested in this study affected the TBS of 
laminate veneers regardless of resin luting agents. Air-blasting with alumina or etching with hydrofluoric acid increased bond strength 
by improving mechanical interlocking and increasing wettability and surface area [11]. According to the surface preparation tech-
niques recommended by the manufacturers, SHOFU Block HC and KATANA AVENCIA were suggested for air abrasion. In contrast, 
hydrofluoric acid was recommended for VITA ENAMIC, followed by a silane coupling agent [12,18,19]. For etchable feldspathic 
ceramic, which is the inorganic scaffold of VITA ENAMIC, conditioning with hydrofluoric acid is required. Air abrasion with alumina 
particles is not suitable for glass ceramic surfaces because it may cause microcracks in the ceramic surface, resulting in prosthesis 
mechanical failure [11,20]. Resin matrix and inorganic fillers like zirconia and alumina in SHOFU Block HC and KATANA AVENCIA 
cannot easily be etched; thus, the air abrasion method is more effective. 

Several investigations have indicated that a silane coupling agent advised by the manufacturers is useful for enhancing bonding 
ability by chemically bonding between silica-based inorganic fillers and resin matrix [7,20,21]. However, the silanization effect 
depended on the microstructure and the amount of inorganic content [11,14,22]. For the VITA ENAMIC glass-ceramic network, the 
silanization process may contribute to the tight bonding of the material with the resin adhesives. In contrast, a chemical bond with 
silane did not occur in the SHOFU Block HC surface due to the inorganic part, which is mainly composed of zirconium silicate fillers 
[23]. In addition, pre-test failure that occurred in SHOFU Block HC specimens has been reported in a previous study [13]. 

Sandblasting was recommended as a surface preparation procedure for the SHOFU Block HC and KATANA AVENCIA. This 
approach can improve bond strength by exposing filler particles and improving micro-mechanical retention at the roughened surface 
[24]. The exposed silica filler particles in KATANA AVENCIA can be reachable for silanization of the ceramic primer, which might help 
to improve bonding with mixed adhesive and cohesive failure in some specimens. However, the SEM micrograph revealed the 
dislodgement of filler particles from the SHOFU Block HC fractured surface (Fig. 6a and b), which might be from the air blasting, as 
reported earlier [15,25]. When air-blasting is at 2 bar pressure, the material surface is damaged, creating a 1–10 μm gap between the 
filler particles and resin matrix. Due to the manufacturing process, inorganic filler particles are often treated with silane [26]. Adding 
silanized filler particles to the resin matrix will increase the resin composite materials’ mechanical strength and improve their hy-
drolytic stability. However, a silane coupling agent alone may be insufficient for bonding to non-silica-based filler particles like zir-
conia. Because of lacking polar bonds, zirconia-filler surfaces cannot create chemical bonds with silane hydroxyl groups [27]. As a 
result of the decreased bond to the resin matrix, inorganic components may be dislodged after mechanical roughening. Consequently, 
the silane coupling agent in the primers was also less effective with fewer fillers, leading to the reduced bonding capacity and TBS value 

Fig. 6. Stereomicroscope and SEM images of the fractured surface in SHOFU Block HC specimens bonded with (a) Super-Bond C&B, (b) RelyX™ 
U200 demonstrating the adhesive failure at the veneer side interface (AV) with the dislodgement of filler particles (original × 40 and × 5000 for 
Stereomicroscope and SEM, respectively). 
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of SHOFU Block HC. 
All specimens had no adhesive failure at the enamel side interface (AE). The TBS at the enamel-resin interface is higher than at the 

veneer-resin interface for all commercial CAD/CAM hybrid materials. The cohesive failure in luting resin of the experimental enamel- 
based biopolymer, which consisted of 90% hydroxyapatite by weight in a network pattern and provided the highest retention for 
dental veneers, created an interfacial layer (Fig. 3) similar to the hybridized enamel [28–30]. Hybridized enamel formed using 
Super-Bond C&B could provide a leakage-free interface that resists HCl acid, dye, and silver nitrate penetration [28,29] and survive 
under long-term cyclic loading (2,500,000 cycles) [30]. 

Although there was no significant difference in TBS between the luting agents on bonding the veneer to enamel (Table 3), the 
complete hybridized cementum/dentin margin/interface without dye or silver nitrate penetration, and a higher TBS than the 
prosthesis-cement interface could be formed using Super-Bond C&B [28,30–32]. In contrast, RelyX™ U200 provided adhesive failure 
at the dentin-cement interface [33]. The six months’ water storage statistically significantly reduced the micro-tensile bond strength of 
dentin bonding that had an adhesive failure at demineralized dentin [34]. Although exposed collagen in the demineralized dentin is 
gradually hydrolyzed, the mini-dumbbell-shaped bonded specimens help detect this demineralized dentin, the defect, remaining under 
prosthesis within 24 h water storage showing the significantly lower TBS [32]. Therefore, in clinical veneer cases with margins on 
cementum/dentin, Super-Bond C&B may provide better retention. 

Furthermore, phosphoric acid etching is a simple and safe method for conditioning a veneer surface, making the experimental 
biopolymer hybrid material retain the highest. Intraoral repairing of fractured veneer using hydrofluoric acid or sandblasting surface 
treatment risks causing soft tissue irritation or damaging the veneer surface [11,20,35]. This study result suggests safer intraoral 
repairing with higher retention of experimental biopolymer than other tested commercial CAD/CAM hybrid materials. However, this 
in-vitro study compared the TBS of dental veneers after 24 h water storage, which is the first screening test to show the potential for 
bonding the biopolymer as an indirect restorative material to enamel. Thus to predict long-term clinical retention, a long-term 
thermocycling test is required. 

5. Conclusions 

Within the scope of this investigation, achieving high retention of dental veneers was dependent on the types of veneer material and 
the surface preparation techniques. Regardless of luting resin agents, an inorganic scaffold or network provides better adhesion than 
the inorganic fillers dispersed in a resin matrix of hybrid materials. The phosphoric etched experimental enamel-based biopolymer 
creates the best tensile bond strength without harming the tissues or dental veneers. 
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