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1 Title of the dissertation IN-VITRO COMPARISON OF FRACTURE RESISTANCE 

OF HEAT PRESSED VENEERS AND CAD CAM 

MANUFACTURED VENEERS. 

2 Introduction  

A. Problem statement Aesthetics has become prime importance in the field of 

restorative dentistry due to high patient demand, 

development of new materials, advances in technology and 

long-term outcome. 

Minimally invasive aesthetic treatments are always 

advantageous because they avoid tooth weakening caused 

by reductions of tooth preparations.[1] 

The success rate of metal free all ceramic restoration is 

attributed to high aesthetics, excellent mechanical properties 

& biocompatibility [3]. 

Various treatment modalities are available for treatment of 

discolored, malformed teeth and also for midline diastema 

closure in anterior teeth.[1] 

Hence ceramic veneers are considered as minimally 

invasive aesthetic treatment option as they provide excellent 

aesthetics & translucency with minimal tooth preparation. 

Veneers may also be considered as the treatment option for 

posterior teeth due to patient demands for aesthetics.[4] 

B. Rationale Fracture resistance is of utmost importance when restorative 

material is selected for fabrication especially in posterior 

teeth as maximum masticatory load is applied.[4] 



  Lithium disilicate ceramic has shown promising results in 

terms of structural integrity when used in the anterior or 

posterior area as veneers, inlays, onlays, crowns, partial 

coverage restorations. Lithium disilicate ceramic has been 

considered the strongest glass ceramic. It has high number 

of microstructural, interlocking, needle-like lithium 

disilicate crystals that are embedded in the glassy matrix 

which gives this type of ceramic higher mechanical 

properties than other types of glass based ceramic materials. 

To improve the mechanical and optical properties of glass- 

ceramic restorative materials, new generations of materials 

have been developed for computer-aided design and 

computer- aided manufacturing.[5] 

Dental CAD/CAM technology is gaining popularity because 

of its precision, accuracy, less time consuming and 

predictability of the restorations.[4] 

CAD/CAM dentistry also includes the use of new materials 

and data acquisition, which represents a non-destructive 

method of saving impressions, restorations and information 

that is saved in a computer and constitutes an extraordinary 

communication tool for evaluation. 

IPS e.max (Ivoclar Vivadent) is a lithium-disilicate system 

encompassing a comprehensive range of products for diverse 

uses and processing techniques which is available in 

pressable (IPS e.max Press) form and CAD CAM milled 

form (IPS e.max CAD). 



  IPS e.max CAD is a lithium disilicate ceramic material, used 

to produce crowns, three-unit bridges, implant supported 

hybrid restorations, veneers, inlays and onlays.[4] 

Lithium disilicate combines the advantages of adhesive 

luting for retention in addition to offering maximum 

aesthetics and high fracture resistance. 

C. Novelty There are limited studies that tested the fracture resistance 

property of various laminate veneer materials. Additionally, 

there are no studies comparing fracture resistance of veneers 

fabricated using IPS e.max Press and IPS e.max CAD. 

Therefore, the present in-vitro study aims on comparing 

fracture resistance of veneers fabricated using the above- 

mentioned systems. 

D. Expected outcome and application This study will help us to evaluate fracture resistance of 

veneers fabricated using IPS e.max Press and IPS e.max 

CAD. 

3 Research question(s) Is CAD-CAM based Veneers more superior in terms of 

fracture resistance when compared to its conventional 

counterpart? 

4 Research hypothesis (es), if any Lithium disilicate based CAD CAM Veneers has better 

 

fracture resistance than lithium disilicate based Heat Pressed 

Veneers. 



5 Objectives of the Study: 

 

A. Primary objective(s) 

 

 

 

 

 

 

 

 

 

 
B. Secondary objective(s) 

 
 

1. Evaluation of fracture resistance of Heat Pressed Veneers 

 

2. Evaluation of fracture resistance of CAD CAM Veneers 

 

 

 

 

 

 

 

 
Comparison of Fracture Resistance of Heat Pressed 

Veneers and CAD CAM Veneers 

6 Review of literature 1. Aim of this study was to evaluate the fracture resistance 

and modes of failure of the following three chemically 

varied computer-aided design/computer-aided 

manufacturing  (CAD/CAM)  ceramic veneering 

materials: IPS e.max CAD, Vita Enamic, and Shofu HC. 

Twenty-seven sound human upper premolars were 

collected and stored in saline at room temperature until 

the experiment started and were assigned to three groups 

at random (n= 9). Putty indices were prepared to ensure 

a standardized butt joint preparation. An InEos X5 

scanner was used to scan all the samples, and the 

resulting data were transferred to a CAD/CAM milling 

machine for veneer fabrication based on the materials 

used. Twenty-seven machined ceramic veneers were 

milled from three different ceramic materials. The 

cementation process was conducted for each material 

according to the manufacturer’s instructions. To 

quantify  the fracture resistance, all the samples 



  underwent 2000 water cycles in a thermocycler and were 

then mounted in a universal testing machine at a 90 angle 

at the occlusal part of the veneer. The modes of failure 

were determined under a stereomicroscope and grouped 

into type I, ceramic fracture; type II, combined ceramic 

and tooth fracture; and type III, root fracture. Results 

showed that Shofu HC had the highest mean (±standard 

deviation) fracture resistance (480.8 ± 92.8 N), followed 

by IPS e.max CAD (415.9± 147.2 N) and Vita Enamic 

(372.3± 123.9 N). The results did not reveal any 

statistically significant differences among the 

experimental groups (p = 0.194). The different groups 

exhibited different modes of failure, with ceramic 

fracture being the most common type of failure and all 

material tested exhibited higher fracture resistance 

values which indicate their use as veneering material for 

the upper premolar.[4] 

 

2. The aim of this study was to compare fracture load, 

surface wear, and roughness after thermal cycling and 

cyclic mechanical fatigue loading among cemented 

micro hybrid resin based composite and ceramic 

occlusal veneers fabricated at two thicknesses (1.5 and 

2.5 mm). Sixty-four extracted premolars without root 

canal treatment were prepared and restored with occlusal 

veneers of two thicknesses (1.5 and 2.5 mm), using four 

different materials: micro hybrid composite (MC), 

fiber 



  reinforced micro hybrid composite (FMC), heat-pressed 

lithium disilicate ceramic (HPC), and computer-aided 

design/computer-aided manufactured lithium disilicate 

ceramic (CCC). The specimens underwent thermal 

cycling and cyclic mechanical fatigue loading, and were 

then subjected to fracture testing, with loads at failure 

recorded as fracture load. Wear and surface roughness 

were recorded before and after fatigue loading. Results 

were analyzed using one-way ANOVA, two-way 

ANOVA (α = 0.05). Results s revealed all specimens 

survived thermal cycling and cyclic mechanical fatigue 

loading. At 1.5-mm thickness, the mean fracture load of 

FMC was highest (3926.48 ± 556.54 N), while that of 

CCC was highest (3066.45 ± 559.94 N) at 2.5 mm. 

Regardless of thickness, the fracture load of CCC was 

higher than that of HPC (p = 0.004 and p = 0.023). The 

wear of MC and FMC was significantly higher than 

those of HPC and CCC (p 0.001), but was similar in 

terms of the wear rate of tooth enamel. HPC group 

exhibited the lowest surface roughness after fatigue 

loading (p 0.001). [6] 

3. Aim of this study was to compare the fracture resistance 

of ceramic veneers and composite resin veneers with and 

without dental preparation. Forty freshly extracted 

mandibular premolars were selected and randomly 

assigned into four groups (n = 10): Group NPR = no 

dental preparation and direct veneer with 0.2 mm thick 



  composite resin (Amelogen Plus, Ultradent); Group 

NPC = no dental preparation and 0.2 mm thick lithium 

disilicate ceramic veneer (IPS e.max Press, Ivoclar 

Vivadent); Group P2C = Tooth preparation of 0.2 mm 

and 0.2 mm thick ceramic veneer (IPS e.max Press); and 

Group P5C = Tooth preparation of 0.5 mm and 0.5 mm- 

thick ceramic veneer (IPS e.max Press). In all groups, 

the restorations covered 1 mm of the occlusal surface of 

the buccal cusp, and the thickness of this area was the 

same of the buccal area (0.2 mm or 0.5 mm). After the 

luting procedure, all groups were thermocycled (10,000 

cycles, 5°C–55°C) and subjected to fracture resistance 

test under compression (Instron 4444 with a crosshead 

speed of 0.5 mm/min). The mode of failure analysis was 

performed under a 10x magnification. Data were 

subjected to one-way ANOVA and Duncan’s post hoc 

test (P < 0.05). Results of the study showed the mean 

fracture resistance (men ± standard deviation) was NPR 

= 690.33 ± 233, NPC = 790.52 ± 408, P2C = 1131.34 ± 
 

341, and P5C = 983.56 ± 202. There were significant 

differences of the fracture resistance values between all 

groups (P = 0.013). NPR and NPC groups showed mean 

values of fracture resistance significantly lower than 

P2C. However, P5C presented intermediate values 

without a significant difference from the other groups. 

The mode of failure for  all  groups  was  mixed (60%), 



  cohesive failures (20%), root failures (15%), and 

adhesive failures (5%).[1] 

4. Aim of this study was to evaluate the influence of 

thermodynamic loading on the durability and fracture 

resistance behavior of occlusal veneers fabricated from 

different biomedical dental CAD/CAM materials. The 

occlusal surfaces of 64 extracted premolars were 

prepared in the enamel layer and restored with occlusal 

veneers with a fissure/cusp thickness of 0.5/0.8 mm 

made from four different dental CAD/CAM materials: 

group LD lithium disilicate (e.max CAD), group LS 

zirconia reinforced lithium silicate (Vita Suprinity), 

group PI polymer-infiltrated ceramic (Vita Enamic), and 

group PM polymethylmethacrylate PMMA (Telio 

CAD). The prepared teeth were etched with phosphoric 

acid. The occlusal veneers were then bonded using an 

adhesive luting system (Multilink Primer A/B and 

Multilink Automix luting resin). Half of the specimens 

were subjected to thermodynamic loading in a chewing 

simulator (1.2 million cycles at 98 N). All specimens 

were quasi-statically loaded until fracture. The statistical 

analysis was made using the t test and one- way ANOVA 

followed by the Tukey HSD test (α=0.05). Results 

showed that all aged specimens survived the 

thermodynamic loading. Thermodynamic loading 

significantly raised the fracture resistance in 



  groups LS, PI, and PM (P˂0.03). Occlusal veneers from 

lithium disilicate and zirconia-reinforced lithium silicate 

recorded higher fracture resistance than those made from 

polymer-infiltrated ceramic and PMMA resin.[5] 

5. Aim of this study was to assess the breaking load of 

zirconia-based crowns veneered with either CAD/CAM- 

produced or manually layered feldspathic ceramic. 

Thirty-two  identical  zirconia  frameworks (Sirona 

inCoris ZI, mono L F1), 06 mm thick with an 

anatomically shaped occlusal area, were constructed 

(Sirona inLab 3.80). Sixteen of the crowns were then 

veneered  by the use  of CAD/CAM-fabricated 

feldspathic ceramic (CEREC Bloc, Sirona) and 16 by the 

use of hand-layered  ceramic. The CAD/CAM 

manufactured veneer was attached to theframeworks by 

the use of Panavia 2.0 (Kuraray). Half of the specimens 

were loaded until failure without artificial ageing; the 

other half of the specimens underwent thermal cycling 

and cyclic loading (12 million chewing cycles, force 

magnitude Fmax = 108 N) before the assessment of the 

ultimate load. To investigate the new technique further, 

finite element (FE) computations were conducted onthe 

basis of the original geometry. Statistical assessment 

was made by the use of nonparametric tests. Initial 

breaking load was significantly higher in the hand- 

layered group than in the CAD/CAM group (mean: 



  116586 N versus 39545 N). During  chewing simulation, 

however, 87.5% (7/8) of the crowns in the hand-layered 

group failed, whereas no crown in the CAD/CAM group 

failed. The CAD/CAM-produced veneer was 

significantly less sensitive to ageing than the hand 

layered veneer.[7] 

7 Methodology  

A. Study design IN-VITRO Study 

B. Study participants (human, animals or 

 

both) 

Maxillary Premolars that have been extracted for 

 

orthodontic or periodontal reasons. 

i. Inclusion criteria 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

ii. Exclusion criteria 

Inclusion criteria: 

 

Non carious intact Maxillary Premolars that have been 

extracted for orthodontic or periodontal reasons. 

 

 

 

 

 

 

 

 

 
- Teeth with attrition, erosion. 

 

- Teeth with decay 

 

- Fractured tooth 

- Cracked tooth. 



 iii. Withdrawal criteria, if any (trial- 

related therapy, follow-up and 

documentation are terminated 

prematurely as it is indicated to 

ensure safety of the participants) 

 
 

iv. Rescue criteria, if applicable 

(starting symptomatic therapy either 

to control symptoms of disease or to 

overcome lack of adequate efficacy 

of the study drug or placebo) 

 
 

v. Number of groups to bestudied, 

identify groups with definition 

N/A 

 

 

 

 

 

 

 

 

 

 
N/A 

 

 

 

 

 

 

 

 

 

 
The study groups will be 

 

Group 1: Heat Pressed Ceramic Veneer: IPS e.max Press. 

Group 2: CAD-CAM Ceramic Veneer: IPS e.max CAD. 

C. Sampling 

 

a. Sampling population 

 
 

Sample size estimation was done using G. Power sample 

size estimation software (ver 3.1.9.2) as follows: 

t tests - Means: Difference between two independent 

means (two groups) 

Analysis: A priori: Compute required sample size 

Input: Tail(s =Two 

Effect size d =2.28 

 

α err prob =0.01 

 

Power (1-β err prob) =0.95 



  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
b. Sample size calculation 

 

 

 

 

 
 

c. Sampling Technique 

Allocation ratio N2/N1 =1 

Output: Noncentrally parameter δ =4.83 

Critical t =2.92 
 

Df =16 

 

Sample size group 1 =9 

 

Sample size group 2 =9 

 

Total sample size =18 

 
P value of less than 0.05 will be considered to be 

statistically significant. 

Since there are 2 groups in the study, final minimum 

sample size is 18 (n=9 per group). However, to increase 

accuracy and to reduce errors. the sample size taken in this 

study will be 30 (n=15 per group). Since the sample size 

is small the data could significantly deviate from 

normal distribution and hence parametric tests may 

not be able to give significant differences. Hence non 

parametric tests have been decided for this analysis. 

 

N = 2 Sp2[ Z1- α/2 + Z 1- β ] 2 / μ d 2 

Sp = pooled standard deviation, 

μ d = Mean difference 

 
N/A 

d. Randomization details (for 

interventional studies)- 

Intervention details with 

standardization techniques 

(drugs / devices / invasive 

N/A 



 procedures / noninvasive 

 

procedures / others) 

 

e. Ethical Clearance from the 

Institution’s Ethics Committee 

Obtained? (Copy to be 

Attached) 

N/A 

f. Study procedure The study groups will be as follows 

 

Group 1: Heat Pressed Ceramic Veneer IPS e.max Press. 

Group 2: CAD-CAM Ceramic Veneer: IPS e.max CAD 

 

1. Teeth selection: 

 
Thirty, sound, non-cracked, non-discolored, and non 

attrited human maxillary premolars extracted for 

orthodontic and periodontal reason will be randomly 

selected for the study. The teeth will be cleaned and 

stored at room temperature in saline for a day. 

2. Teeth mounting: 

 
With the help of a periodontal probe, the teeth will be 

marked 2 mm apical to the cementoenamel junction 

(CEJ). To simulate the periodontal ligament, the teeth 

will be dipped in heated modelling wax until up to 2 

mm below the CEJ which produces effect of spacer. To 

simulate the presence of the alveolar bone, the teeth 

will be mounted in resin 2 mm apical to the CEJ using a 

mold. The modelling wax will be then replaced with 

light body polyvinyl siloxane impression material. 



  3. Tooth preparation: 

 
Heavy body silicone will be used for all the teeth to 

ensure standardized preparation of mounted specimens. 

Before the process, the outlines of the preparation will 

be marked. All the teeth will be prepared with a high- 

speed hand piece under constant cooling. The 

standardized preparation of the teeth will be 

accomplished using veneer preparation burs. The facial 

preparation will be 0.5 mm in the middle and occlusal 

thirds and 0.4 mm cervically. The buccal cusp will be 

reduced by 1 mm bucco-palatally and 1.5 mm occluso- 

cervically. The preparation will be complete using the 

butt joint design. The preparation will be finished 1 mm 

occlusal to the CEJ and just labial to the contact area. 

The reduction will be restricted to the enamel. The 

preparation will be then checked using a probe and the 

customized putty index from the lateral view to ensure 

the adequate facial and occlusal reduction. 

4. Teeth grouping: 

 
The prepared teeth will be randomly distributed into two 

groups (n = 15). 

Group I: IPS e.max Press 

 
Group II: IPS e.max CAD 



  5. Scanning and veneer fabrication: 

 
GROUP 1: IPS e.max press VENEERS 

 
The ceramic laminate veneers will be fabricated using 

the pressing technique. A single layer of die spacer 

material will be applied on gypsum dies of the prepared 

tooth and allowed to dry. A wax pattern will be 

manually built on each gypsum die to restore the 

anatomical features of the unprepared tooth. Wax 

patterns will be attached to the pressing ring using a 

wax sprue and a freshly mixed investment material will 

be cast on a vibrating table. Following chemical setting 

of the investment (45 minutes), the ring will be then 

transferred to a preheated burn out oven after removal 

of the plastic base. After 2 hours, preheated lithium 

disilicate ingots will be placed inside the ring and 

transferred to the pressing oven which will be 

automatically programmed to complete the pressing 

cycle. 

GROUP 2: IPS e.max CAD VENEER 

 
The CAD CAM scanner will be used to scan all 

samples, and the digital scan data will be saved and 

transferred to a CAD/CAM machine. Standardized 

designs of veneers will be established for the upper 

premolars and will be adjusted using the machine 

software, and an order for milling samples will set for 

veneer fabrication. Once milled, the veneers will be 



  fired in a ceramic furnace to give its strength and 

aesthetics properties. 

 

6. Try-in: 

 
After obtaining the veneer shells, the veneer try-ins will 

be performed on the corresponding teeth using an 

adhesive tipped handling instrument to ensure a 

primary fit. 

7. Cementation: 

 
The veneer surfaces will be etched with 5% 

hydrofluoric acid (HF) for 20 seconds, and will be 

washed and dried. The prepared teeth will be etched 

with 37% phosphoric acid etching gel for 15 seconds. 

The gel will thoroughly be rinsed off using a water 

spray for 10 seconds. The excess moisture will be then 

removed by gentle air blow. Single Bond, Universal 

Adhesive bonding agent will be applied to the internal 

surface of the veneers and excess will be removed by 

using gentle air flow for 5 seconds to ensure the 

solvent evaporation. 

A freshly mixed resin cement will be applied on the 

fitting surface of each laminate veneer which will be 

then seated on the prepared tooth using fixed pressure 

for 1 minute. Excess cement will be wiped off and the 

resin cement will be light polymerized for 60 seconds. 



  After cementation, all the samples will be kept in an 

incubator for 24 hours. 

8. Thermocycling: 

 
In order to simulate an aging process, all the samples 

will be subjected to 1000 cycles of thermocycling at 

temperatures changing from 5 C to 55 C with a 

5 second interval. 

 
9. Measuring fracture resistance: 

 
All the samples will be mounted onto the universal 

testing machine perpendicular to the tooth’s long axis to 

simulate the effect of force application during function. 

Load to fracture will be applied at a speed of 0.5 

mm/min using a locally manufactured customized 

plunger (steel rod) having dimensions of 1 mm in width 

and a length of 3mm fixed on to the upper movable part 

of the machine and the steel rod will be set at the 

occlusal surface of the veneer. The highest load reading 

at which each sample fractured will be recorded in 

Newtons (N) by a software system. 

10. Modes of failure: 

 
The samples will be inspected under a 

stereomicroscope to determine the modes of failure. 

The modes of failure were classified into three types 

Type 1: Ceramic fracture 

 

Type 2: Combined ceramic and tooth fracture 

 

Type 3: Root fracture. 



  11. Data analysis: 
 

Descriptive statistics: Mean and standard deviation, 

Median and Interquartile range of Fracture resistance 

(N) values will be done for the two groups. 

Inferential statistics: Comparison of Fracture resistance 
 

(N) values between Heat press ceramic and CAD/CAM 

groups will be done by Mann-Whitney test. 

P value of less than 0.05 will be considered to be 

statistically significant. 

Since the sample size is small the data could 

significantly deviate from normal 

distribution and hence parametric tests may 

not be able to give significant differences. 

Hence non parametric tests have been 

decided for this analysis. 

g. Data collection methods 

including settings and 

periodicity 

Study subject- Maxillary Premolars extracted for 

periodontal or orthodontic purpose. 

Study area - Dharwad-Hubli 

 

Study period – 1 year 

h. List of statistical tests to be 

 

used for data analysis 

Mann-Whitney test. 

i. If it’s a Clinical Trial: Clinical 

Trials Registry of India or 

equivalent registration number 

to be mentioned 

N/A 

8 List risks and benefits of the study RISKS: 

 

-There are no known risks involved in this study. 

 

 

BENEFITS: 

 

- Veneers help in superior aesthetics when compared to its 

counterparts. 



  - Improved fracture resistance of veneers helps in 

improving the durability and longevity of the veneer. 
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