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Abstract— The full mouth rehabilitation of the severely worn dentition is a difficult treatment; occlusal 

veneers represent an associate choice to ancient treatment ideas. Aims at replacing the lost tooth substance 

while not the extra removal of remaining tooth substance. Forty human premolars were prepared to simulate 

advanced erosion of the occlusal surface, and at random divided into four experimental groups (n=10) 

according to the material used to build the veneers. The veneers were adhesively luted and submitted to 

thermocycling device. The fracture resistance test was performed on a universal testing machine. Failure 

analysis of the fractured occlusal veneer in this study showed mainly fracture of mode I fracture of the 

restoration (75%) followed by Mode II, fracture of the restoration and enamel (12.5%); or Mode III, fracture 

of the restoration, enamel, and dentin (12.5%). According to a one-way analysis of variance and the least 

significant difference test, the highest mean fracture resistance was obtained from IPS Emax CAD and was 

significantly higher compared to the other experimental groups. The lowest mean fracture resistance was 

obtained from Tetric CAD. All occlusal veneers used in this study can be considered as acceptable treatment 

in the premolar region for patients with parafunctional habits. minimally invasive occlusal veneers can be 

applied to correct tooth wear and thus replace conventional crown restorations. 
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1. INTRODUCTION 

The gradual wears of the occlusal surfaces of teeth may be a traditional method throughout the period of a 

patient. However, excessive occlusal wear may end up in pulpal pathology, occlusal disharmony, impaired 

function and esthetic disfigurement. Tooth wears can be classified as attrition, abrasion, and erosion counting 

on its cause. Therefore, it's necessary to spot the factors that contribute to excessive wear and to judge 

alteration of the vertical dimension of occlusion (VDO) caused by the worn dentition [4]. 

 

However, the full mouth rehabilitation of the severely worn dentition is challenging, especially when the space 

for restoration is not sufficient. In the past decades the technique used to restore VDO and in full mouth 

rehabilitation was by using full-coverage restorations, crown lengthening, and elective tooth devitalization. 

Traditionally, these procedures require removal of healthy tooth tissues to accommodate the preparation 

design [30]. 

 

The conservative approach to restore tooth surface loss is by using direct resin composite restorations and by 

using adhesive concepts to preserve tooth structures. Direct composite restoration of tooth wear is not a perfect 

treatment possibility, as a result of its limitations in terms of esthetics and durability. it's been urged that ultra-

thin occlusal veneers represent an option to traditional treatment concepts with circular crown preparation 
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[13] [21]. The treatment concept by using ultra-thin occlusal veneers aims at replacing the lost tooth substance 

while not the extra removal of remaining tooth substance [13, 21]. 

 

The ceramic materials have the desire esthetics and durability. However, the feasibility of their application in 

thin conservative preparations depends on their fabrication options and fracture properties of these materials. 

Recent advances in CAD/CAM materials are offering new options for restoration of severely worn dentition 

where space is limited [28]. 

 

Lava Ultimate material represents another alternative for obtaining thin restorations in the occlusal region and 

other surface (34). Lava Ultimate is a nano-filled resin composite, and this material has the higher flexural 

strength and fracture toughness than do resin composites polymerized by a dental curing light [21]. 

 

Tetric CAD is an esthetic composite block for creating single-tooth restorations efficiencies by the CAD/CAM 

technique. The material is industrially produced and secondarily milled. Tetric CAD is suitable for single 

tooth restorations only. That is veneers, inlays, onlays (occlusal veneers or partial crowns) and anterior or 

posterior crowns [22].  

 

Another material in the present study used as occlusal veneer is a Lithium disilicate glass ceramic. The high 

number of microstructural, interlocking, needle-like lithium disilicate crystals that are embedded in the glassy 

matrix which give this type of ceramic higher mechanical properties than other types of glass-based ceramic 

materials [6]. 

 

The Zirconia-reinforced lithium silicate this glass ceramic material is enriched with Zirconia into the lithium 

silicate glass matrix perform to be more translucent and stronger material than the conventional lithium 

disilicate ceramic [14].  

 

So even up today there is a little research about Tetric CAD material as occlusal veneer, and compares Tetric 

CAD with other type of CAD/CAM resin material (lava ultimate). There is a little research about the Vita 

suprinity material as occlusal veneer, compares with other type of CAD CAM material, lithium silicate 

material (IPS e max CAD).  

 

2. METHODS AND MATERIALS 

Forty human maxillary first premolar has been selected for the study with Comparable, normal crown 

dimensions [2]. All samples were visually examined by magnification loupes under visible light trans 

illumination to determine that their enamel was free of cracks [6]. Teeth had been cleaned from adhering soft 

tissues and calculus deposits with a hand scaler. Teeth were then placed in 0.1% thymol solution for one week 

at room temperature [26].  

 

The teeth have been mounted individually in custom made mold, with cold cure acrylic at the dough stage 

[37]. The teeth have been marked to a point 2.0 mm apical to the cemento-enamel junction to simulate the 

natural biological width [25]. 

 

2.1 Teeth Preparation 

First, complete occlusal dentin exposure will be obtained through removal of occlusal cusps and fissure with 

metal disk preparation bur set to produce flat exposed dentine and peripheral enamel. This replicated a clinical 

situation of severe tooth wear [23, 13]. 
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The buccal and palatal margins was maintained at approximately 6.0 mm from the CEJ to the cusp tip after 

reduction [7, 28]. 

 

A                                            B 

Figure (1) tooth preparation (A) mesial and distal indexing notches (B) flat exposed dentine and peripheral enamel 

 

Table 1: Materials for Computer-aided Design/Computer-aided Manufacturing (CAD/CAM), Composition, 

and Manufacturers 

Material   Composition Manufacturer 

IPS Emax CAD 

Lithium disilicate ceramic 

SiO2, Li2O, K2O, MgO, Al2O3, 

P2O5, and other oxides 

Ivoclar Vivadent, Schaan, 

Liechtenstein 

Vita suprinity zirconia reinforced 

lithium silicate glass ceramic 

material 

SiO2, Li2O, K2O, P2O5, Al2O3, 

ZrO2, CeO2, La2O3, Pigments 

Vita Zahnfabrick, Bad Säckingen, 

Germany 

Lava Ultimate nanoceramic resin Silica, nanomers, zirconia nanomers, 

nanocluster particles derived from 

the nanomers, silane coupling agent, 

resin matrix (Bis-GMA, Bis-EMA, 

UDMA, and TEGDMA) 

3M ESPE, St Paul, MN, USA 

Tetric CAD nano-hybrid 

CAD/CAM composite 

 Barium glass filler, Silicon dioxide, 

Dimethacrylates Additives & 

Pigments 

Ivoclar Vivadent, Schaan, 

Liechtenstein 

Abbreviations: Bis-EMA, ethoxylated bisphenol A dimethacrylate; Bis-GMA, bisphenol A diglycidyl 

dimethacrylate; HEMA, hydroxyethyl methacrylate; TEGDMA, triethylene glycol dimethacrylate; UDMA, 

urethane dimethacrylate 

 

2.2 Final Impression 

The first phase of fabrication was the scanning of the prepared tooth with an optical scanner in order to get a 

three-dimensional digital image of the topographical characteristics of the prepared tooth. The maxillary first 

premolar tooth was selected as abutment tooth and "bigeneric individual" was chosen as the mode of design. 
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Then the type of materials and manufacture was determined (IPS Emax CAD, Lava ultimate 3M, Vita 

suprinity, and Tetric CAD). Then CAD/CAM materials were fabricated in milling unit with 10 samples for 

all four types of materials. Material composition and manufacture described in table (1) [3, 38]. The occlusal 

veneer restorations had been milled to their prescribed central fossa thickness of 0.5 mm and 2 mm at each 

cusp [23, 38]. 

 
Figure (2) CAD/CAM fabrication 

 

Table 2: Application Steps of the Luting Procedures 

Treatment/Material  Emax CAD/ Vita suprinity Lava ultimate/ Tetric CAD 

Tooth  

surface treatment 

Apply the 37% phosphoric acid (N Etch; 

Ivoclar Vivadent, Schaan, 

 Liechtenstein) onenamel for 30 s and on dentin for 

15 s 

_ Rinse the surface for 30 s and dry the 

surface with cotton buds 

_ Apply the ExciTE F DSC adhesive 

system (Ivoclar Vivadent, Schaan, 

Liechtenstein) with a microbrush and 

 dry 

gently for 5 s 

Apply the 35% phosphoric acid (3M, 

 St Paul, MN, USA) only on enamel 

 for 30 s 

_ Rinse the surface for 30 s and dry  

The surface with cotton buds 

_ Apply the Single Bond Universal  

Adhesive system (3M, St Paul, MN,  

USA) with a microbrush for 20 s and  

dry gently for 5 s 

Treatment of the 

inner surface of the 

 veneers 

Apply the 9.5% hydrofluoric acid  

(IPS ceramic etching gel, Ivoclar 

 Vivadent, Germany) for 20 s on  

veneer surface 

_ Rinse the surface for 30 s and air-dry 

_ Apply a layer of universal primer 

(Monobond-N, Ivoclar Vivadent,  

Schaan, Liechtenstein) and dry gently  

for 5 s 

Sandblasting with 50 lm aluminum  

Oxide for 5 s. 

_ Rinse the surface for 30 s and air-dry 

_ Apply a layer of the Single Bond 

Universal adhesive system and 

 dry gently for 5 s 

Resin cement By using small increment of  

Variolink N cement (Ivoclar Vivadent,  

Schaan, Liechtenstein) was dispensed  

directly from the syringe onto the  

inner surface of the occlusal veneer. 

By using small increment of RelyX  

Ultimate resin cement (3M, St Paul, 

 MN, USA), was dispensed directly 

 From the syringe onto the inner surface 

 of the occlusal veneer 

 

2.3 Cementation 

The cementation of all veneers will be performed with cement material according to manufacture.  The luting 

procedures were described in table (2). The resin cement was dispensed onto the inner surface of the occlusal 

veneer. Immediately, the veneer was placed on the preparation and a load of 5 kg was applied by means of a 

metallic tool. After 60 seconds the veneers were light cured for 3 seconds to tack them in place and remove 

the excess cement. Then each veneer was light cured for 40 seconds, according to the manufacturer’s 
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instructions. then curing for 40 second with a light intensity of 1000 MW/cm². After cementation, the 

specimens were stored at 37˚ in distilled water for 2 weeks before the fracture load test and thermocycling 

procedure as the mechanical stability occurred within 2 weeks when stored in distilled water [29]. 

 

2.4 Thermocycling procedure 

All samples were subjected to thermal cycles in order to simulate the oral cavity environment may result in 

changes in the micro spaces between the tooth and the veneer due to the presence of contraction and expansion 

stresses produced from the difference in the coefficient of thermal expansion between the tooth structure and 

restorative material [16]. According to the latest International Standardization Organization specifications 

(ISO/TS 11405:2015) the thermocycling procedure comprising 500 cycle in water between (5 Co -55 Co) 

with dwell time at least (15-16) Seconds. 

 

2.5 Fracture Resistance Testing 

In the present study the fracture test will be done with a universal testing machine (LARYEE Universal testing 

machine) at technology university. The load was applied parallel to the long axis of the restored tooth [6, 2]. 

The load was applied by the metal sphere vertical to the occlusal surface of the tooth. The load was applied at 

a crosshead speed of 0.5 mm/min with 4 mm diameter rounded end moving vertical rod of the machine. The 

metal sphere will position to achieve tripodization of contacts along the cuspal inclines over the central fossa. 

The compression load will be applied parallel to the long axis of the restored tooth until it fractured. The 

maximum load to produce failure will be recorded in Newton (N) using computer software [7]. 

 
Figure (3) Fracture Resistance Testing and shock absorber 

 

Table 3 show failure analysis of CAD/CAM materials after fracture test 

Fracture 

mode 

Emax  

CAD 

Vita 

suprinity 

Lava 

ultimate 

Tetric  

CAD 

Means  

Mode I 6/10 8/10 9/10 7/10 75% 

Mode II 1/10 2/10 0/10 2/10 12.5% 

Mode III 3/10 0/10 1/10 1/10 12.5% 

 

2.6 Failures Analysis 

After the fracture resistance testing, the specimens were visually assessed to determine the type of failure. 

Failure analysis of the fractured laminates in this study showed mainly fracture of the occlusal veneer 

restoration mode I (75%) followed by Mode II, fracture of the restoration and enamel (12.5%); or Mode III, 

fracture of the restoration, enamel, and dentin (12.5%) table (3) [23, 13]. 
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A   mode I                               B      mode II                               C   mode III 

Figure (4) type of fracture restoration 

3. Results 

The four groups in this study were matched with each other using ANOVA test, and the result showed that 

the highest mean was for E max (1163) and the lowest mean was four Tetric (652) and there was highly 

statistical difference between four groups (P value =0.0001) described in table (4). The result of LSD test 

showed that there were highly statistical differences in fracture strength of Emax group as compared with 

other groups (P value ≤0.05). While there was no statistical difference between Lava, Tetric and Vita group, 

table (5). 

 

Table 4 Multiple comparison LSD test. 

Variable  Mean difference  P value  

0

200

400

600

800

1000

1200

1400

1600

1800

Emax Lava
ultimate

Tetric CAD Vita
suprinity

mean 1163 730 652 671

max 1780 930 870 910

min 690 470 370 480

standard deviation 356 136 193 130

1163

730
652 671

1780

930
870 910

690

470
370

480

356

136
193

130

Chart Title

mean max min standard deviation
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E max  Lava 433 0.0001 

Tetric 511 0.0001 

Vita 492 0.0001 

Lava Tetric 78 0.441 

Vita 59 0.559 

Tetric Vita -19 0.851 

 

4. DISCUSSION 

According to results of this study, the Emax CAD group presented the highest mean fracture resistance among 

groups. These results come in agreement with [7, 21, 3, 35, 18, 34] and there no significant differences among 

other group. 

 

In comparison, between the mean of the restored groups. The mean of fracture resistance of group Emax CAD 

was statistically significantly higher than group Vita suprinity, this result come in agreement with [3, 35, 18] while 

disagreement with [5, 14, 36].  

 

Elsaka and Elnaghy, 2016 [14] who studied the physical properties of zirconia reinforced lithium silicates and 

lithium disilicate CAD ceramic , and found no significant different in fracture resistance between Vita suprinity 

and Emax CAD that may be due to incorporation of zirconia filler to the composition of zirconia reinforced lithium 

silicates so the glass matrix is reinforced, without getting troubled by the dissolved zirconia particles, which gives 

it higher fracture strength, flexural strength and modulus of elasticity (Elsaka and Elnaghy, 2016) [14]. 

weyhrauch et al., 2016 [36] who study fracture resistance of monolithic crown of all ceramic on implant 

abutment, weyhrauch et al., 2016 [36] found Vita suprinity significant higher fracture strength than Emax and 

other material and may attributed to Vita suprinity was milled in a pre-sintered condition and has to be sintered in 

separated step. Conceivability, the process of milling could have influenced the stability of full crystal crown. 

While weyhrauch et al., 2016 [36] found no statically significant differed between Emax CAD and Lava ultimate.  

 

According to least standard deviation LSD there was statistically highly significant different between Emax CAD 

and Lava ultimate, this result come in agreement with [21, 18,17, 36, 11] while disagreement with [7, 34,10]. 

Andrade et al., 2018 [7] who study the fracture resistance of occlusal veneer at different thickness, Andrade found 

was not significantly different from those in the IPS Emax CAD at 0.6 mm and Lava Ultimate at 0.6 mm. The 

highest fracture resistance was obtained from IPS Emax CAD at a 1.5-mm thickness (4995 N) and was 

significantly higher compared to the other experimental groups (p,0.05). According to Andrade et al., 2018 [7] 

the higher flexural strength (360 MPa) of IPS Emax CAD may have contributed to it reaching the highest fracture 

resistance with a 1.5- mm thickness. As a result of lava ultimate viscoelastic properties and similarity between 

modulus of elasticity of composite and dentin may play role in greater fracture resistance of composite when 

comparison with IPS Emax CAD of 0.6 mm thickness. Lava Ultimate has the capacity to accumulate the applied 

force on its surface and dissipate it rapidly along the tooth structure when the limit of proportionality is exceeded 

(Andrade et al., 2018) [7]. 

 

In another study done by Schlichting et al., 2011 [34] that used a fatigue resistance methodology different from 

the methodology used herein, ultrathin occlusal veneers with a 0.6-mm thickness made from composite resins had 

a higher fatigue resistance when compared to ceramic materials. Schlichting et al., 2011 [34] disagreement with 
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the result of the present study may attributed to use composite resin sphere rather than stainless steel fracture head 

machine that used in the present study and attributed to use immediate dentin sealing and come into agreement 

with [38] who found higher fracture resistance for immediate dentin sealing with total etch adhesive or with 

selective etch adhesive when compare with non-immediate dentin adhesive [38]. 

 

Chen et al., 2014 [10] disagreement with the result of the present study may attributed to lava ultimate contains 

nano-resin which provides an elastic property, the stress distribution of this material is supposed to be different 

from that of the stiff ceramic. stress distributed within resin composite crowns seems to be concentrated at the 

loading point and not to be transmitted to marginal areas. Once the stress accumulated in the composite becomes 

higher than its strength, surface cracks can occur. Cracks in resin composites always propagate through the resin 

matrix around inorganic filler particles or penetrating organic fillers. The fracture resistance of resin composites 

is more related to their inherent properties, such as granule size or material of fillers [10]. Moreover, statistically 

non-significant difference in mean of fracture resistance obtained from Vita suprinity and Lava ultimate, that have 

been recorded approximate mean   730 N for Lava ultimate and 671 N for Vita suprinity. This could be attributed 

to properties of Lava ultimate and Vita suprinity. Lava ultimate higher meaner than Vita suprinity come in 

agreement with [17, 36], while disagreement with [8, 27, 31]. 

 

Belli et al., 2016 [8] who measurement of elastic constants and microstructural characterization of chairside 

CAD/CAM material, found significant different in fracture resistance between Vita suprinity and Lava ultimate 

that may be due to incorporation of zirconia filler to the composition of zirconia reinforced lithium silicates so the 

glass matrix is reinforced, without getting troubled by the dissolved zirconia particles, which gives Vita suprinity 

higher fracture strength, flexural strength and modulus of elasticity. 

 

Ludovichetti et al., 2018 and Naumova et al., 2017 in [27, 31] measured wear resistance and abrasiveness of 

CAD-CAM monolithic materials (Vita suprinity, Lava ultimate, Emax CAD, Lava plus and Vita Enamic). They 

found The Nano filled composite resin and polymer-infiltrated ceramic were more antagonist-friendly (whether 

enamel or CAD-CAM material) than glass-ceramics and zirconia, that may attribute to use different tooth molar 

and might to use crown restoration instead occlusal veneer, [27, 31] found Vita suprinity higher mechanical 

properties than Lava ultimate and that attributed to the zirconia composition in suprinity 15.7% and Lava 13.21%. 

 

Moreover, statistically non-significant difference in mean of fracture resistance obtained from Lava ultimate and 

Tetric CAD material that have been recorded approximate mean, Lava ultimate (730N) and Tetric CAD (652N). 

this could be attributed to both materials is nano composite and have a modulus of elasticity near to dentin and 

this come in agreement with [15, 20]. Lava ultimate higher meaner than Tetric CAD that attributed to Lava 

ultimate had higher filler content than Tetric CAD and might due to Lava ultimate had zirconia in its content that 

increase the mechanical properties of material [1]. The lowest mean fracture resistance presented by group Tetric 

CAD and that attributed to use Rely X cement with shear bond strength, differ than that manufacture 

recommended, Rely X cement have shear bond strength according to Sahar et al., 2005 [32] was about 14.5 Mpa 

on enamel, 10.8Mpa on dentin and 9.4 Mpa according to holderegger et al., 2008 [19] which is lower than the 

shear bond strength of variolink cement (20MPa) that recommended by the manufacture to cement Tertric CAD. 

Tetric CAD has flexural strength 273 Mpa and modulus of elasticity 11Gpa according to vivadent ivoclar, 

manufacture information, 2018 [20]. Nano-resin which provide an elastic property, so this might result in a load 

transition to the weak link of the restoration (the cement layer). 

However, according to LSD test, the difference in fracture strength between all indirect groups (B, C, D) was 

statically non-significant, which comes in disagreement with the results of Carneiro et al. ,2012 [9] who found 

comparable fracture strength for both IPS Emax CAD and Lava ultimate restorative.  
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However, this finding agrees with the results of DE Goes, 2013 [11] who compared the fracture strength of 

disc shape specimens of 0.5 mm thickness fabricated from IPS Emax CAD and Lava ultimate restorative and 

conventional composite materials and found that Lithium disilicate glass ceramic for CAD demonstrated the 

highest strength. 

 

5. Conclusion 

Within the limitation of this in vitro study, the following conclusions can be made: fracture strengths of 

occlusal veneer restorations were above the forces producible by the human masticatory system. Material type 

affected the fracture strength of occlusal veneer restorations, and those fabricated from Emax CAD fractured 

at significantly higher loads than other type of material. Restoration thickness had statistically significant 

effect on fracture strength of restoration, most restorations had fractured at fissure area of veneer (thin part). 
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