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Abstract 

Background: Ceramics are biocompatible materials and can 

simulate the visual character of the tooth substance successfully. 

Zirconia crowns and lithium disilicate crowns, specifically E-

max, are the most highly regarded types of dental crowns.The oral 

environment is influenced by the all-ceramic restoration system's 

bond strength. This investigation aimed to determine how surface 

treatment and core material (Emax- press) affect various ceramic 

materials' resistance to fracture.        

Methods Forty specimens constructed using the heat press 

method and E-max press material depending on their surface 

treatment, samples were divided into four groups at random;each 

group consists of ten samples.Control group:Untreated surface 

samples.Group sand plast (AL2O3) : aluminum oxide  particles are 

used to sandblast samples.Group potassium hydrogen difluoride 

(KHF2) : potassium hydrogen difluoride-etched 

samples.Combination of Group E-max press: samples are etched 

with potassium hydrogen difluoride and sandblasted with 

aluminum oxide particles.Using a scanning electron microscope, 

the morphological change of the E-max press after surface 

treatment was observed.Every sample has 2mm veneering 

ceramic applied to it.A universal testing machine was used to 

measure fracture resistance.  

Results: According to data analysis, the (E-max Combination) 

group had the lowest mean fracture resistance values, while the 

(E-max sand blast) and (E-max etching) groups had the greatest 

mean values.  Conclusion: Within the limitations of this study, 

the results suggest that, utilizing of various surface treatments 

with E-max press substructures were more effective on the values 

of fracture resistance.  
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Introduction : 
 

The dental community has been 

researching restorative materials with 

superior optical qualities that can restore 

shape and function in recent decades due 

to the anterior and posterior regions' 

mechanical needs (1). Utilizing computer-

aided design (CAD)/computer-aided 

manufacturing (CAM) technology led to 

the development of an entirely new class 

of zirconium dioxide ceramic 

substructures(2). In1998,lithium disilicate 

(SiO2-Li 2O) was added to the glass 

ceramic industry as a substructure 

material. It was produced by heat pressing 

ingots (Empress 2, Ivoclar Vivadent, 

Lichtenstein) using a process similar to the 

lost-wax technique (3). Increased use of 

lithium disilicate all-ceramic restorations 

is a result of improved methods and 

materials that enable these ceramics to 

withstand high stress-bearing applications 

(4). Lithium disilicate glass ceramic seems 

the strongest and  toughest  in all glass 

ceramic. It is suggested for posterior and 

anterior single crowns, implanting super 

structure and bridges anterior to second 

premolar (5).   Glasses and ceramics are 

fragile, that means that they show a height 

compressive strength however less tensile 

strength and probably fractured beneath 

quite minimum strain(6) One of the most 

common clinical problems associated with 

veneering ceramics is chipping. This 

complication may result from 

inappropriate veneering techniques, a 

mismatch between the substructure and 

veneering material, or inadequate 

interfacial bonding. (7).Thus, the current 

study's aims  to evaluate how surface 

treatment and core material (E-max press) 

affect the fracture resistance of several 

ceramic materials.  

 

Materials and Methods 
Experimental part 

1. Preparation of Samples 

An in vitro study  Forty  (40) samples 

were made from E-max press material 

fabricated by (heat press technique) each 

samples thickness was 0.8mm, was done 

at dental laboratory in the college of health 

and medical techniques.at Baghdad, the 

study was performed during October 

2024.The core samples' surfaces were 

veneered using the appropriate veneering 

ceramic in accordance with the 

manufacturer's guidelines.The final 

thickness of veneered ceramic was 2mm 

according to the design used and the final 

thickness of core with veneered ceramic 

was 2.8 mm. scanning electron 

microscope  was used to identify any 

morphological changes in the E-max press 

after surface treatment. Fracture resistance 

of all specimens was measured by using 

universal testing machine. 

 

2. Sample Grouping 

Depending on their surface treatment 

samples were split randomly for four 

groups ,each group contains 10 samples 

.Group EC: specimens with E-max core 

without surface treatment (control group 

).Group ESB: samples with E-max core 

sandblasted with 50µm of Aluminum 

oxide particles. EKHF2:  

samples with E-max core etched with (70 

mg) concentration of potassium hydrogen 

difluoride.Group ECOMB: samples with 

E-max core sandblasted with 50µm of 

aluminum-oxide particles and etched 

with(70 mg )concentration of potassium 

hydrogen difluoride. 

 

3. Tooth Preparation 

 In the dental model (Nissin Dental 

Products), the upper left first molar tooth 

was prepared as follow, 2mm oclussal 

reduction, 1.5 mm axial reduction and 

0.8mm deep chamfer finishing line to 

construct metal die(8).To replicate the 

shape of the perfect prepared plastic tooth 

to accept all ceramic crowns, a metal die 

was created using a CAD/CAM 

technology. As shown in Figure (1). 

 

4.Tooth Scanning 

Three dimension dental light scanner 

scanned prepared tooth. The digital model 

of the die was transmitted to the computer 

added machine software to begin the metal 

die's milling process after a three-

dimensional picture was captured that 

clearly showed the plastic die's finishing 

line and all of its surfaces. Dental stone 

type IV was used to make the metal die's 

base.Using special clay, the metal die was 
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set to the scan stage after being positioned 

within the scanner machine. 

 After complete the scanning process, the 

final 3 dimension (3D) virtual model was 

appeared on the computer monitor, after 

that the margin line was detected, crown 

border were checked,undercut was 

checked,Finally complete design of the 

samples was constructed (7). 

 

5. Milling of Metal Die 

To begin the metal die's milling process, 

the digital model of the die was sent to the 

CAM program., by using the milling unit 

which was loaded with cobalt chromium 

disc (14mm diameter).The metal die was 

milled with two new carbide burs (2mm, 

1mm diameter).Bur 2 mm used for cutting 

outline of metal die and, bur 1mm for fine 

details, the burs were changed 

automatically,(according to the 

manufacture instruction).  

 

6. Sample Grouping 

Group I (E-max control group): 

specimens with E-max press core without 

surface treatment (control group). 

Group II(E-max sandblasting group): 

specimens with E-max press core 

sandblasted with 50µm of aluminum-oxide 

particles. 

Group III (E-max etching group): 

specimens with E-max press substructure 

,70 mg of potassium hydrogen difluoride 

was used to etch it. 

Group V (E-max Combination  group): 

specimens with E-max press core 

sandblasted with 50µm of aluminum-oxide 

particles and 70 mg of potassium 

hydrogen difluoride was used to etch it. 

 

7. Preparation of IPS E-max Press 

Specimens: 

A. Waxing 

 Forty E-max wax patterns were fabricated 

by CAD/CAM system by using fusing 

Harvest Z cad wax press 98.5 mm to get 

uniform dimension and 0.8mm thickness 

of IPS E-max wax pattern, as shown in 

Figure(2 A, B). 

B. Spruing 

An axial sprue of 3mm in diameter and 

3mm in length was fastened at a 45°–60° 

angle,  

 and was attached at the edge of the Ips 

muffle( according to manufacturer's 

instructions) so that smooth flowing of the 

viscous ceramic during pressing was 

achieved. 

C. Investing and Burn Out 

IPS press vest investment material was 

mixed.Each 100g of powder was  mixed 

with 25 mL of its special liquid according 

to manufacturer's instruction by placing 

the liquid into the mixing bowel then the 

powder was added, both powder and 

liquid were mixed by using vacuum auto 

mixing device under vacuum at pressure 

of 350 rpm for 60 seconds. Then, the 

mixture was poured to the silicon ring on 

the vibrator to minimize the chances of air 

bubbles formation on the wax 

pattern.Carefully, the investment ring was 

filled with investment material up to the 

marking and position of the ring gauge a 

distance of about 10mm from the position 

of ring gauge to the end of silicon ring was 

left to ensure optimum pressing 

procedure.After placing the ring gauge, 

the silicon ring was allowed to set for 

about 60 minute according to 

manufacturer's instruction .After the final 

setting of investment material, the ring 

gauge and ring base were removed and 

pushed carefully from the silicon 

ring.Then, the investment ring was placed 

into the preheating furnace; the ring was 

heated gradually from the room 

temperature to 850°C for 60 minute 

according to manufacturer's instruction. 

D. Pressing 

The press program and Ips  E-max press 

ingot were selected after completing the 

burn out procedure of the investment ring, 

They took the investment ring out of the 

furnace.After placing an ingot for the IPS 

E-max Press, the Alox plunger was 

applied. At 1100 °C and 3.5 bar of 

pressure, the investment ring containing 

the ingot and the Alox plunger was 

positioned in the middle of the furnace.As 

shown in Figure(3). At room temperature 

for 60 min the investment ring was left to 

cool  (9). 

E. Divesting  

After cooling of the investment ring to 

room temperature for 60 minutes, the 

length of the Alox plunger marked by a 

pencil and then the investment ring was 
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separated at the predetermined point by 

the separating disc.The investment ring 

was broken by using plaster knife.  

F. IPS E-max Press Surface Treatment 

Groups: 

1. Control Group (E-max C): 

Ten samples of  E-max core group were 

not treated to any surface treatment and 

were used as controls. 

2. Sandblasting with Aluminum Oxide 

Group (E-max S B): 

Ten specimens of  E-max core group were 

sandblast together with 50 µm alumina 

particles to 10 second for each surface at a 

1.5 bar air compression and at a space of 

20 mm by using sand blast machine each 

sample was cleaned using steam jet for 10 

s at distance 10 mm.  

3. Etching With Potassium Hydrogen 

Difluoride Acid Group (E-KHF2): 

 Ten specimens of  E-max core group were 

powder coated with KHF2 acid in amount 

of 70 mg, then heated in a porcelain 

furnace (Ivoclar vivadent) to temperature 

of 280 C◦   . The core was then cleaned 

using steam cleaner for 15s followed by 

compressed air for 15s. After 30 min, all 

specimens were stored in distilled water at 

37C◦ for 24 h (10). 

4. A combination of Sandblasting with 

Aluminum Oxide and Etching with 

Potassium Hydrogen Difluoride Acid 

Group (E-max COMB): 

Ten specimens of  E- max core group were 

treated by a combination of sand blast 

particles 50 µm AL2O3 for 10 second at a 

1.5 bar air pressure at a distance of 20 mm 

by using sand blast machine. The etched 

was then cleaned using steam jet, then the 

specimens were powder coated with KHF2 

acid. After that, 70 mg were heated to 280 

C◦  in a porcelain furnace. 

G. Cleaning of IPS E-max Press 

Specimens: 

All specimens were cleaned completely 

from any remnants of sandblast particles 

dust and acid etching before veneering, by 

steam jet for 10 second and running water. 

Then all the specimens of IPS E-max press 

were ready for SEM exam . 

H. Scanning Electronic Microscope 

(SEM) : 

Firstly, the specimens were attached to the 

aluminum holder in compact plasma 

sputtering coater device for painting their 

surface with pure gold . At varying 

magnifications, each painted surface was 

inspected under a scanning electron 

microscope to identify any morphological 

changes in the E-max press after surface 

treatment (11). As shown in Figure (4  A, 

B ,C ,D) .                                                                                                                                                                                                                                                           

I. Application of Veneering Ceramic on 

E-max Press Specimens: 

In this procedure, the silicon  mold  was 

used for application of veneering porcelain  

for application of E-max ceram veneering 

porcelain with E-max press specimens. 

For standardization,(1.5mg) of E-max 

ceram dentin powder was mixed with 3 

drops of their special liquid (E-max ceram 

build up liquid) to produce the desired 

consistency of ceramic The first dentin  

layer was applied incrementally on the 

entire specimen, vibrated, dried and fired 

according to  

manufacturer's instructions. Second dentin 

then was mixed to compensate shrinkage 

of dentin after firing , adjustment of 

specimens should be accomplished if 

necessary by using a straight hand piece to 

obtain the desirable dimensions of  E-max 

specimen 0.8 mm, as shown in Figure (5). 

 

Fracture Resistance Test 

Fracture resistance of all specimens was 

measured by using universal testing 

machine. A500 Kg of load was applied 

vertically at the center of the occlusal 

surface of all specimens of  IPS E-max 

press  by small round stainless steel ball 

with 5.7 mm diameter at cross head speed 

of (0.5 mm\ min) (12).  As shown in 

Figure(6).Then kg was converted to 

newton by multiplying the kg by ground 

acceleration of 9.8.    

                                         

Statistical Analyses: 

The collected data were tabulated and 

statistically analysed using appropriate 

descriptive and inferential statistical 

methods. Descriptive statistics, including 

the minimum, maximum, mean, standard 

deviation (SD), and standard error (SE), 

were calculated for each E-max Press 

ceramic subgroup, as presented in Table 

(1). 

To determine whether there were 

statistically significant differences in 

fracture resistance among the E-max Press 
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subgroups, a one-way analysis of variance 

(ANOVA) test was performed. The level 

of significance was set at p < 0.05, with p 

< 0.001 considered highly significant. 

Following the ANOVA test, the Least 

Significant Difference (LSD) post hoc test 

was applied to identify the specific sources 

of significant differences between the 

subgroups, as shown in Table (3). The 

LSD test allowed pairwise comparisons to 

determine which groups differed 

significantly in terms of fracture 

resistance. 

 

Results and Discussion 
According to Table (1), the E-max control 

group had the lowest mean fracture 

resistance values, whereas the E-max 

sandblasting group had the highest mean 

as shown in Figure (7). 

According to Table (2), One-way ANOVA 

test manifested that there was statically 

highly significant difference in fracture 

resistance among all E-max press 

subgroups at level p<0.001. 

 

 Least Significant Difference test (LSD)  

 The result of LSD test showed there is 

highly significant difference among (EC) 

group with (ESB) and (EKHF2) but 

significant different was showed between 

(EC) group with (E COMB) group and 

(ESB) group with (E COMB). Also, LSD 

test result showed there is non-significant 

difference between (EKHF2) group with 

both (ESB) group and (E COMB) group. 

According to the result the highest mean 

of fracture resistance was for E-max 

sandblasting  group ,E-max etching group, 

E-max  combination, while the lowest 

mean of fracture resistance was for E-max 

control. Nowadays, ceramics are widely 

employed in prosthetic dentistry because 

of their mechanical qualities, which are 

linked to improved microstructures and 

novel processing techniques.The extended 

lifespan of such dental restorations is a 

result of these materials' sufficient 

mechanical qualities (13). One of the most 

clinical complication of E-max press 

based restoration is chipping and fracture 

,which mostly reported by various 

studies(14) .The most major disadvantages 

of using all ceramic  restorations in the 

posterior location is the risk of fracture 

related to occlusal and lateral forces (15). 

Several causes have been associated with 

chipping and fracture of veneering 

ceramics, like irregular preparation, 

inadequate design of the substructure, 

mismatch between the thermal expansion 

coefficient of veneering ceramic and 

substructure(16) .Various techniques are 

available for applying the veneering layer 

to the ceramic substrate (17).  In this 

study, layering technique have been used 

for E-max press samples with their 

corresponding veneering ceramic (IPS E-

max ceram)according to manufacturer's 

instructions to ensure the compatibility of 

coefficient of thermal expansion between 

substructure and veneering ceramic to 

avoid tensile stress occurred over the core-

veneer interface and lead to crack 

initiation and  propagation(18) . Fracture 

resistance test was utilized in order to 

enable evaluation of fracture test 

properties and calculation fracture 

resistance of all ceramic samples (19). E-

max press groups showed significant 

differences at (p < 0.05) in the fracture 

resistance when fracture resistance 

outcomes appeared. In current study, three 

types of surface treatment was used, 50µm 

Airborne particle abrasion with aluminum 

oxide(AL2O3) technique, 70mg of 

potassium hydrogen difluoride(KHF2) 

70mg technique and combination 

technique sandblasting with 50µm (Al2O3) 

and etching with potassium hydrogen 

difluoride. Airborne particle abrasion with 

aluminum oxide is important method of 

surface roughening (20).The highest 

fracture resistance values obtained with air 

abrasion with E-max press may be 

attributed to the ability of AL2O3 particles 

with high pressure to produce 

irregularities on the surface of lithium 

disilicate ceramic by attacking the glass 

content which led to surface roughness 

and increase micromechanical 

retention(21). In the present investigation, 

50 µm aluminum oxide particles were 

subjected to sandblast particle abrasion for 

10 seconds at a pressure of 1.5 psi. By 

creating more pits per unit area than the 

control group, this treatment altered the 

surface.As shown in Figure (4 A,B,C,D). 

While potassium hydrogen difluoride ( 
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KHF2) in this study was selected because 

the process of melt etch technique with 

KHF2 can produce in fluoridated surface 

which has attached hydroxyl groups 

following water cleaning resulting a 

positive effect on the adhesion(22) .In 

addition, other researchers reported that 

mechanical and chemical etching methods 

can be used together (23) .Combination 

technique was selected to increase fracture 

resistance of ceramic substructure by 

improve bond strength between samples 

and veneering ceramic. According to the 

outcomes of the current study, there was a 

highly significant effect of the sandblast 

particles on the mean of fracture resistance 

of E-max press ceramic when compared 

with control group (EC) which was 

without any surface treatment. The 

outcomes of current study comes in 

agreement with Alashal et al.,2016, (24). 

A study stated that ability of 50μm AL2O3 

particles with high pressure to produce 

irregularities on the surface of lithium 

disilicate ceramic by attacking the glass 

content which led to surface roughness 

and increase micromechanical retention. 

The outcomes of current study come in 

agreement with those of Yoshihara et al., 

2017 (25). A study manifested that 50µm 

of aluminum-oxide with lithium-disilicate  

created  a microstructure that  induced 

mechanical  retention to lithium-disilicate. 

The outcomes of current  study  disagreed 

with Tarib et al., 2016, (26). A study 

claimed  that  50µm of aluminum-oxide 

have a lowest mean of bond strength when 

compared with untreated group due to the 

microcracks that can initiates bigger 

cracks and reduce  their strength. The 

SEM evaluation showed that, AL2O3 

sandblasted surface yielded a rougher 

microstructure with deep and uniform size 

porosities on the E-max press. In the 

current study, KHF2 was used instead of 

HF to improve bond strength between E-

max press substructure and veneering 

ceramic, 70 mg of KHF2 powder was 

coated with distilled water, then powder 

was spread on the E-max press specimen 

and then inserted in the ceramic furnace at 

temperature 280C◦. During the heating 

process and after water evaporation, the 

fluoride compounds appeared melted. The 

specimens removed and allowed to cooled, 

each specimen was steam cleaned and 

stored in distilled water for 24 h.Their 

outcomes manifested that KHF2 acid is 

able to etch E-max press ceramics by 

creating micro –morphological changes on 

its surface. According to the knowledge of 

the authors there were no previous studies 

on the effect of KHF2 on the fracture 

resistance of IPS E-max press, so the 

outcomes of the current study, could be 

explained that there was a significant 

effect of KHF2 acid on the fracture 

resistance of E-max press when compared 

with control group (EC). The KHF2 

etchant with melting point of 280 C◦ was 

effective on the lithium disiicate surface. 

The SEM evaluation showed that etching 

with KHF2 produced a visible 

irregularities and porosities on the E-max 

press specimens due to dissolution of 

glassy phase and exposing of lithium 

disilicate crystals. As far as the authors 

were aware, no prior research had 

examined the impact of AL2O3  and KHF2 

combination treatment on the fracture 

resistance of IPS E-max press. Therefore, 

the results of this study showed that the 

combination treatment (ECOMB) group 

differed significantly from the control 

group (EC). 

The SEM evaluation showed that E-max 

press specimens treated with the combined 

of etching with KHF2 and subsequent 

50µm AL2O3 sandblasting particles 

surface roughness and porosities when 

compared with control group. 

 

Conclusion 
Within the limitations of the current study, 

the following conclusions are drawn: 

1- The values of fracture resistance were 

improved by using various surface 

treatments with lithium disilicate 

substructures. 

2-Airborne particles of 50µm manifested 

appositive effect for conditioning of the 

lithium disilicate surfaces. 
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Figure 2: 

( A) Z cad wax press                                         ( B) E-max  press wax pattern 

 

 

 

 
Figure 3: Pressing process 

Figure 1 : Final dimensions of plastic die 

A B 



                                      55                   -45 )62) (201(41.… t of Surface TreatmentEffec 

52 

 

 
Figure 4: Scanning electron microscope 

 

(A)  E-max  untreated 

 

 

 
2max  treated with 70mg KHF-(C) ) E 

 

 

 

 

 
Figure 5:   Silicon mold used as veneering 

Build up reference 

 

A B 

C D 

max  treated with a combination of -E    D)(

2and 70mg KHF 3O2lAof  50µ  

(B) E-max treated with 50 µm of 

3O2Al 

 



                                      55                   -45 )62) (201(41.… t of Surface TreatmentEffec 

53 

 

 
Figure 6: The core with base placed 

on the base of the universal 

 

 

 

 

 
 

Figure 7: Average fracture resistance of IPS E.max press groups in (MPa)and  experimental groups. 
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, 2Descriptive Statistics of Fracture Resistance of E.max press Ceramic Groups(EC,  EKHFTable 1: 

ESB and ECOMB)in newton. 

Groups N Minimum Maximum Mean Std. Error SD 

E.max control 10 13.70 18.90 16.4900 .65565 2.07335 

E.max  Sandblast 

10 18.20 23.80 20.9000 

 

 

  

1.61727 

E.max  Etching 10 17.60 23.90 20.5400 .58788 1.85903 

E.max Combination 10 16.70 20.70 18.6800 .41009 1.29683 

 

Table 2: One- way ANOVA test for fracture resistance among E-max press ceramic subgroups. 

E-max press Groups F P-value 

 

Sig 

Among Groups 
 

13.598  
.000 HS 

**P<0.001 (High significant) . 

 

Table 3:  LSD test among E-max press groups of fracture resistance. 

Groups 

Mean 

Difference 

P-

value Sig 

LSD 

 

 

 

 

 

  

E.max control E.max  (EKHF2) 
*-4.05000- .000 HS 

E.max (ESB) 
*-4.41000- .000 HS 

E.max (E Comb) 
*-2.19000- .037 S 

E.max(EKHF2) E.max (E SB) -.36000 .966 NS 

E.max (E Comb) 
1.86000 .096 NS 

E.max  (E SB) E.max (E comb) *2.22000 .034  S 

*P<0.001 High significant 

**P<0.05 Significant 

***P>0.05 Non Significant 
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