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Aim: The purpose of this in vitro study was to determine the optimum margin thickness which 
allows more conservative tooth preparation, thus giving space for the veneer material and to 
evaluate the effect of the processing technique on fracture resistance of IPS e.max® copings. 
Methods: Forty all lithium disilicate copings were divided into 2 equal groups according to 
the construction technique; twenty copings each (n = 20) per group. Each group was further 
subdivided into 2 equal subgroups according to the coping margin thickness; 0.5 mm and 
0.7 mm (n = 10/subgroup). Two dies were prepared with 5 mm cervical diameter, 60° axial 
taper, and 5 mm occluso-cervical height with the non-anatomical occlusal table. Copings were 
constructed using heat pressing and CAD/CAM milling techniques, and were cemented on 
epoxy dies using RelyX™ Unicem resin cement. Samples underwent pre-loading in a cyclic 
manner equivalent to the average masticatory cycle. Afterward, samples were loaded until 
fracture using the same computer controlled material testing machine. Data were analyzed 
for each group using one-way analysis of variance (ANOVA) followed by a Tukey’s 
pairwise post-hoc test between the 2 coping thicknesses. P values which were 0.05 or less 
were considered statistically significant. Separate student t-tests was performed to detect 
the significance between the main groups. Finally, a two-way ANOVA was done to evaluate 
the effect of the processing technique, and the coping thickness on the fracture resistance. 
Results: Effect of the construction technique revealed significant (P < 0.05) influence on the 
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INTRODUCTION

The high-strength of all-ceramic restorations having 
different compositions, structures, and processing 
methods were introduced as an alternative to metal 
ceramic restorations in many applications.[1] IPS e.max® 
ceramics have become increasingly popular dental 
restorative materials due to their translucency and 
strength.[2] These  all-ceramic restorations can be used 
as a substructure (core) to support the more fragile 
veneering ceramics in dental crowns.[3-5] However, few 
data in literature were mentioned about different coping 
margin thicknesses of the IPS e.max®. Further research  
thickness which allows more conservative preparation 
and gives space for the veneering material.

Increasing the fracture strength of all-ceramic 
restorations will increase their durability during function 
and decrease complications, such as secondary caries 
and periodontal diseases. There has been growing 
interest in ceramic restorations due to their optimal 
esthetics and biocompatibility.[6] However, their use is 
associated with several shortcomings. Chipping of the 
veneering porcelain is the most frequently encountered 
complication of all-ceramic restorations.[7] The second 
most common clinical failure may be the gross fracture 
of the restoration.[8] Several factors affect the fracture 
strength of all-ceramic restorations, such as preparation 
design, thickness, material of the core, microscopically 
heterogeneous material structure, force direction and 
magnitude, propagation of superficial cracks, and oral 
environment.[9] The core material and its thickness are 
the most influential factors on fracture strength.[6] Ceramic 
cores provide acceptable esthetics and translucency 
under all-ceramic restorations. However, veneering 
porcelain is often used to improve esthetics of all-ceramic 
restorations fabricated with CAD/CAM technology, which 
decreases the mechanical strength of crowns.[10,11]

The strength of ceramics can be increased by 
maximizing the crystalline content. However, a high 
degree of crystallinity may cause the material to appear 
opaque and to have a high value which may not be 
esthetically pleasing.[12] The degree of crystallinity is 
especially an issue in conservative tooth preparation 
when the core material will be more visible. Therefore, 
increasing the strength of the material without 
compromising its translucency was a challenging 

requirement in the development of IPS e.max®. This 
requirement was fulfilled by developing a crystalline 
phase that demonstrates optical properties that 
are similar to those of the glass phase.[13] The other 
problem is that although the high-strength material has 
great mechanical properties while the layering ceramic 
which it is veneered exhibits a much lower flexural 
strength and fracture toughness.[7]

CAD/CAM systems are rapidly gaining importance in dental 
practice because some of their products aim to combine 
esthetics with strength which will facilitate the development 
and the application of superior dental ceramics. The 
CEREC inLab machine has been successfully used for 
posterior crowns in clinical applications.[14] Patients are 
primarily concerned with improved esthetics and dentists 
are also interested in longevity of restorations regarding 
strength and margin fit. 

Clinicians are still concerned with mechanical 
properties of the all-ceramic restorations. IPS e.max® 
restorations have gained popularity due to their 
excellent esthetics and biocompatibility. IPS e.max® 
core supports the ceramic veneering layer; thus, 
the core thickness may affect the gross fracture of 
restorations. Recently, a consensus has been reached 
regarding the ideal IPS e.max® CAD core thickness 
which will resist masticatory forces while providing 
optimal esthetics.[15] The aim of this study was to 
evaluate the effect of 0.5 mm and 0.7 mm thicknesses 
of lithium disilicate glass ceramic core on the fracture 
strength of the all-ceramic restorations. 

METHODS 

A sensitivity test was performed to determine the 
power of the sample size used in this study. This 
power analysis is a 2 × 2 analysis of variance; the 
first factor (coping thickness) includes two levels and 
the second factor (processing technique) includes 2 
levels. Post-hoc power analysis was performed based 
on the study results using 10 samples per subgroup 
and the alpha (α) level was (5%). Power was found to 
be 100% for both factors indicating that the sample size 
was adequate. Sample size calculation was performed 
using IBM SPSS Sample Power Release 3.0.1.[15]

Two specially designed stainless steel dies were 

fracture resistance mean values of the ceramic copings (CAD > Press). Effect of thickness 
showed significant (P < 0.05) influence on fracture resistance mean values as well (0.7 mm > 
0.5 mm). Conclusion: Within the limitations of this study, the following conclusions could be 
drawn: the CAD/CAM technique showed improved strength over the heat pressed technique, 
regardless of the margin thickness of the ceramic coping, 0.5 mm thickness coping, constructed 
using both pressing and milling techniques, has sufficient strength to withstand the average 
masticatory forces in the premolar region (222 to 445 N).
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prepared with the approximate dimensions of a ceramic 
crown coping preparation of a maxillary first premolar. 
The dies had the following specifications: 0.5 mm, and 
0.7 mm finish line thicknesses, a 5-mm cervical diameter, 
a 6° axial taper, a 5-mm occluso-cervical height, a non-
anatomical occlusal table, and a round shoulder finish 
line. An anti-rotational occluso-axial bevel (1 mm height, 
45°) was made on the dies [Figure 1] to prevent rotation 
of the crown copings on the dies, and also to assure 
the exact reproducibility of placement of the crown 
copings. Two split copper counter dies were fabricated 
to be adapted precisely on the 2 master dies to ensure 
construction of wax patterns.

Forty all-ceramic lithium disilicate non-anatomical 
copings were constructed and divided according to 
construction technique into 2 equal groups, CAD 
and Press. Each consists of twenty copings (n = 20). 
The copings were constructed using heat pressing 
and CAD/CAM milling techniques [Table 1]. Each 
group was further subdivided into 2 equal subgroups 
according to the coping margin thickness, i.e. 0.5 mm 
and 0.7 mm thicknesses (n = 10). Subgroups were 
subjected to cyclic loading equivalent to the average 
masticatory cycle of (0.8-1.0 cycles/s). Two stainless 
steel master dies were machine milled to simulate the 
dimensions of a prepared maxillary first premolar to 
receive all ceramic non-anatomical copings.

Group 1: heat pressing technique (e.max press)
The non-anatomical wax pattern of the copings was 
fabricated ending at the finish line of the die by the aid 
of the counter split dies. An Iwanson wax caliper was 
used to ensure that all wax patterns had the required 
thickness of 0.5 mm and 0.7 mm at the margins of the 

copings. The thickness of the occlusal surface of the 
wax patterns were 1.5 mm. An axial sprue having a 
diameter of 3 mm and a length of 5 mm was attached 
at an angle of 45°-60°. The sprue was attached to the 
silicon ring base. Afterward, the ring was placed on the 
ring to check for a correct fit.

IPS e.max® special investment material was used 
according to the manufacturer’s instructions, which 
was premixed manually for 20 s until even wetting. 
The mixing was completed under vacuum for 60 s. The 
ring was filled with IPS e.max® special investment, and 
the investment was left to set for 1 h. Preheating the 
investment ring, including the Alox plunger but without 
placing the ingot in a conventional preheating furnace, 
was gradually preheated to a temperature of 250 °C for 
30 min then increased to 1,100 °C for 60 min. After 4 h 
and 20 min, the wax was eliminated forming a mold.

The investment ring was removed from the preheating 
furnace. An ingot for the IPS e.max® Press was 
placed followed by the Alox plunger. The investment 
ring with the ingot and the Alox plunger were placed 
in the center of the EP600 furnace at a temperature 
1,100 °C and at a pressure of 3.5 bar. Afterward, the 
investment ring was left to cool for 60 min at room 
temperature. The investment ring was then separated 
using a separating disc.

Rough divestment was carried out with a polishing jet 
medium using polishing alumina beads (type 100 μm) 
at 4 bar (60 psi) pressure. The fine divestment was 
performed using a fine diamond disc. This same disc  
was used to cut the sprue at 2 bar (30 psi) pressure. 
The reaction layer was removed from the pressed 
coping by immersing it in the Invex liquid (< 1.0% 
hydrofluoric acid) for a maximum of 30 min followed by 
water rinsing and sandblasting with Al2O3 (type 100 μm) 
at 1 bar pressure and ultrasonically cleaned. Marginal 
adaptation of the press copings on their corresponding 
metal dies were checked.

Group 2: CAD/CAM technique (IPS e.max® CAD)
CAD/CAM system (CEREC inLab) was used for the 
construction of copings using IPS e.max® CAD blocks. 
The stainless steel die was sprayed with light reflecting 
powder, and the die was secured on the tray of the 
inEos scanner for capturing an optical impression 
which took 14 min. A cylinder diamond 1.6 mm long 

Figure 1: Schematic diagram showing standardized metal die 
preparation dimensions (axial view)

Table 1: Materials and construction techniques used

Material Composition Technique Manufacturer 
IPS e.max Press Lithium disilicate glass ceramic Conventional lost wax 

(Injectable-heat-pressed)
Ivoclar Vivadent AG Schaan, Liechtenstein

IPS e.max CAD Lithium disilicate glass ceramic Machinable CAD/CAM Ivoclar Vivadent AG Schaan, Liechtenstein
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was attached at the right side of the chamber, while 
a cone shape diamond XL stone was attached at the 
left side of the chamber the entire milling process of 
the full coverage crown coping lasted 20 min. The 
copings were then placed in the EP 600 Press furnace 
for approximately 30 min in which the crystallization 
process took place at a temperature of 865 °C.

A duplicate silicon impression for each master die was 
taken after mixing the base and catalyst to produce 
duplicates of the dies. Epoxy resin die material was 
prepared by mixing the two liquids according to the 
manufacturer’s instructions and then poured into a 
silicon duplicate of the metal. The surface of the epoxy 
resin dies were roughened by sandblasting from a 
distance of approximately 5 mm, at 1 bar with 100 μm 
alumina particles. The die cement space of 35 microns 
was provided.[15]

The cementation procedure steps were performed 
according to the manufacturer instructions. The fitting 
surfaces of the IPS e.max® copings were etched using 
4.9% hydrofluoric acid porcelain etch for 30 s. Copings 
were water rinsed for 15 s and dried with oil-free air 
spray. Silane coupling agent was applied on the fitting 
surface of the copings for one minute followed by 
air dryness to ensure complete solvent evaporation. 

Aplicap™ capsule of self-adhesive universal resin 
cement was used which was mixed with high frequency 
mixing unit for 15 s.

The resin cement was evenly applied on the fitting 
surface of the crown coping. Then the copings were 
seated on the epoxy resin die [Figure 2]. A specially 
designed loading device was used under 3-kg weight 
for 6 min and then light cure was applied for 2 s to 
facilitate the removal of the excess cement. Excess 
cement was removed after using a dental scaler. Light 
curing of the cement was completed for 20 s for each 
surface. 

All of the copings were mounted on a computer-
controlled materials testing machine with a load cell 
of 5 kN then data were recorded using computer 
software. The samples underwent pre-loading in 
a cyclic manner 10,000 cycles at loads between a 
minimum 10 N to prevent lateral dislocation of load 
applicator and a maximum 89 N with a load profile in 
the form of a sine wave at a frequency of 1 Hz. The 
rate used was equivalent to the average masticatory 
cycle of (0.8-1.0 cycles/s). Force was applied with a 
metallic sphere of 6.8 mm diameter placed centrally at 
the occlusal surface of the coping samples attached 
to the upper movable compartment of the machine. 
All samples were loaded until fracture using the same 
computer controlled material testing machine. Load 
under compression was applied at a crosshead speed 
of 1 mm/min until failure [Figure 3].

Numerical data were explored for normality by 
checking the distribution of data and using tests of 
normality (Kolmogorov-Smirnov and Shapiro-Wilk 
tests). Fracture resistance data showed parametric 
distribution. Data were presented as mean, median, 
standard deviation (SD), minimum, maximum and 
95% confidence interval (95% CI) for the mean values. 
Two-way analysis of variance (ANOVA) was used 
to study the effect of processing technique, coping 

Figure 2: Coping cemented on Epoxy resin die

Figure 3: Fracture of the crown coping
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thickness and their interaction on mean fracture 
resistance. Bonferroni’s post-hoc test was used for 
pair-wise comparisons when ANOVA test is significant. 
The significance level was set at P ≤ 0.05. Statistical 
analysis was performed with IBM SPSS Statistics 
Version 20 for Windows.

RESULTS 

Statistical results revealed that the IPS e.max® CAD 
copings (0.7 mm) recorded the highest fracture 
resistance mean value (1,704.4 ± 240.5 N), while 
the IPS e.max® Press copings (0.7 mm) recorded a 
lower mean value (1,573.9 ± 107.3 N). IPS e.max® 

CAD copings (0.5 mm) recorded (1,343.1 ± 155.7 N) 
fracture resistance mean values and the IPS e.max® 

Press copings (0.5 mm) recorded the least fracture 
resistance mean value (933.0 ± 149.9 N).The mean 
and standard deviation of fracture resistance values in 
Newtons (N) are presented [Table 2].  

Two-way ANOVA results
The results showed that the processing technique and 
the coping thickness had a statistically significant effect 
on mean fracture resistance. The interaction between 
the two variables had no statistically significant effect on 
the mean fracture resistance; therefore, the variables 
are independent from each other [Table 3]. 

Regardless the coping thickness, the Press group had 
fracture resistance mean value (1,253.5 ± 363.1 N) which 
was statistically significantly lower than CAD group that 

had mean value (1,523 ± 269.2 N) (P = 0.008).

Regardless the processing technique, 0.5 mm coping 
thickness coping  had fracture resistance mean value  
(1,138.1 ± 260.8 N) which was statistically significantly 
lower mean fracture resistance than 0.7 mm that had 
mean value  (1,639.1 ± 186 N) (P < 0.001).

Either with 0.5 mm or 0.7 mm coping thicknesses, the 
Press group showed statistically a significantly lower 
mean fracture resistance than CAD [Table 4].

DISCUSSION

The strength of ceramic crowns is influenced by the 
thickness of the ceramic material as well as the anatomy 
of the constructed crowns.[6] All the specimens of this 
study exhibited a similar microstructure. IPS e.max® 

consists of lithium disilicate glass ceramic (Li2O-
2SiO2), and its microstructure has an interlocking 
pattern of many elongated crystals. It has been 
reported that the crystalline phases in these ceramic 
materials may act as crack stoppers to prevent crack 
propagation.[13] Clinically, all-ceramic restorations 
commonly fail through slow crack growth resulting from 
fatigue caused by masticatory stresses and repetitive 
occlusal contact.[9]

The heat-pressing process decreases inhomogeneities 
and porosities in the ceramic coping microstructure.[16] 
Luo et al.[17] reported that lithium disilicate crystals 
were different in the received material and the material 
that was heat pressed. This difference could be 

Table 2: Descriptive statistics of fracture resistance values in (N)

Processing technique Coping thickness Mean ± SD Median Minimum Maximum
95% CI

Lower bound Upper bound
Press 0.5 mm 933.0 ± 149.4 899.5 789.7 1,143.3 840.40 1,796.59

0.7 mm 1,573.9 ± 107.3 1,558.7 1,469.7 1,708.5 1,507.39 3,061.79
CAD 0.5 mm 1,343.1 ± 155.7 1,276.5 1,245.1 1,574.3 1,246.60 2,599.03

0.7 mm 1,704.4 ± 240.5 1,776.4 1,359.4 1,905.5 1,555.34 3,288.96

Table 3: Two-way ANOVA results for the effect of different variables on mean fracture resistance in (N)

Source of variation Type III sum of squares df Mean square F value P value
Processing technique 292,209.4 1 292,209.4 10.1 0.008
Coping thickness 1,004,347.2 1 1,004,347.2 34.6 < 0.001
Processing technique × coping thickness interaction 78,147.0 1 78,147.0 2.7 0.127

df: degrees of freedom = (n - 1); ANOVA: analysis of variance

Table 4: Two-way ANOVA results for comparison between fracture resistance of different interactions in (N) (mean ± SD)

Coping thickness Press CAD P value (between techniques)
0.5 mm 933 ± 149.4 1,343.1 ± 155.7 0.005
0.7 mm 1,573.9 ± 107.3 1,704.4 ± 240.5 0.048
P value (between thicknesses) < 0.001 < 0.001

ANOVA: analysis of variance
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explained by the following: (1) the more homogeneous 
microstructure caused by forcing the softened 
ingot through a small diameter sprue; and (2) the 
dimensions of lithium disilicate crystals during thermal 
expansion increase almost till the melting point of the 
glass ceramic and after the heat-pressing procedure. 
IPS e.max® Press was recently introduced which has 
improved the physical properties and has produced 
greater translucency than the IPS Empress® 2.[18]

The CAD/CAM manufacturing technique has enriched 
dentistry with new ways of producing the core for all-
ceramic restorations. This technique uses industrially 
produced homogenous blanks with minimal inherent 
flaws compared to the manual procedures. A pressure 
casting procedure is used to manufacture the presently 
investigated IPS e.max® CAD blocks which were used 
in this study. Optimized processing parameters prevent 
the formation of micro-structural defects.[14]

This study was conducted to evaluate the effect of 
the coping thickness and the processing technique 
on the fracture resistance of the IPS e.max® ceramic 
copings. Improvements in ceramic technology have 
taken the form of novel processing techniques.[19,20] 

These improvements, together with patient demand 
for superior esthetics, encouraged the selection of 
machinable and pressable ceramics for this study.

Due to partial crystallization, blocks are processed in 
an intermediate phase, which enables rapid machining 
with CAD/CAM systems. The partial crystallization 
process leads to the formation of lithium metasilicate 
crystals, resulting in high strength and good edge 
stability. Following the milling procedure, the material 
is tempered and thus reaches the final state. The CAD/
CAM-fabricated IPS e.max® CAD system combines 
strength (flexural strength: 360 MPa, according to the 
manufacturer) with favorable esthetic properties such 
as translucency.[13] Also, machinable ceramics are 
considered more cost effective and can be fabricated 
in 1 to 2 h, which is time-saving.[21,22]

Machined stainless steel dies, to simulate upper first 
premolar preparation for an all-ceramic crown, were 
designed and fabricated with standard dimensions 
to allow accurate control of the variables of the 
preparation dimensions and degree of axial wall taper 
was 6°.[23] An anti-rotational occluso-axial bevel was 
made to assure the exact reproducibility of placement 
of the crown samples over their corresponding dies.[24]

Two different coping margin thicknesses were used in 
this study.[15] The first was 0.5 mm which was close to 
the wall thickness of metal copings as provided by the 

porcelain-fused-to-metal technology.[25] The thin wall 
of the copings allows more conservative preparations 
and provide enough space for veneering material.[26] 

The second margin thickness was 0.7 mm,[15,27] which 
was similar to manufacturer’s instructions. It was 
prescribed that wall thickness for copings to be 0.8 mm 
for lithium disilicate ceramic.

The copings were not veneered because the strength 
of the crown is mainly determined by the strength of it’s 
coping.[28,29] Loading veneered core crowns to fracture 
in vitro causes fracture of the veneering ceramic at first 
then core fracture.[30-32] The IPS e.max® Press copings 
were constructed following a standard procedure using 
a specially designed and fabricated counter split die for 
the purpose of standardization of wax pattern. Wax-
ups were made for the copings which had round wax 
sprues 3 mm in diameter attached on each at angle 
45° to the long axis.[33] IPS e.max® CAD copings 
were fabricated with the same standard dimensions 
as controlled by the CEREC Inlab software through 
scanning, designing and milling procedures.

The recommendations for a clinically relevant in vitro 
load-to-failure test for all-ceramic restorations described 
by Kelly were followed in this study.[34] Epoxy resin die 
material with an elastic modulus similar to dentin was 
used. It is easy to be constructed in a standardized 
way. Also, it represents a further challenge for the 
crown coping material, as the modulus of elasticity is 
low with a value of only 3-4 GPa.[35]

Regarding the effect processing techniques on fracture 
resistance of ceramic copings, significant differences 
were found as between IPS e.max® Press and 
CAD. The CAD copings had a higher mean fracture 
resistance than the Press copings. This is partially in 
agreement with a study conducted by Jung et al.[36] This 
higher fracture force can be explained by the fact that 
the industrially pre-fabricated In-Ceram core material 
has a more homogeneous microstructure and a 10% 
flexural strength than the conventional core material.

In regard to coping thickness, fracture load values for 
copings which had the lowest margin thickness (0.5 mm 
thickness) were above the average masticatory forces 
for the CAD group before and after cyclic loading tests. 
Clinically, dental restorations are subjected to cyclic 
forces ranging from (60 to 250 N) during function and 
up to (500 to 800 N) for short periods.[37] However, 
the range varies according to the location: maximum 
occlusal forces are 400 to 890 N in the molar region, 
222 to 445 N in the premolar area, 133 to 334 N in the 
canine area, and 89 to 111 N in the incisor region.[38] 

The values for the Press group having the least margin 
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thickness (0.5 mm) were below maximum occlusal 
forces in the molar area.

Among the limitations of this study, it was limited to 
uniaxial cyclic loading under dry conditions, thus not 
taking into account for the complex situation in the oral 
cavity. Moisture causes corrosion of ceramic materials 
favoring slow crack growth[39] and ultimately leading 
to fracture. Therefore it is mandatory that cyclic load 
testing is multi-directional and under wet conditions 
before clinical trials.[39,40] The forces of cyclic loading 
were vertical, and other lateral forces were not 
considered due to the loading machine limitations. The 
clinical implication of the results in this study should 
be limited to the vertical loading situation.[41] The 
followed testing protocol has been shown to correlate 
well with clinical studies assessing the performance of 
restorations over 5 years.[42]

In conclusion, within the limitations of this study, the 
following conclusions could be drawn: (1) CAD/CAM 
technique showed improved strength than heat pressed 
technique, regardless the thickness of the ceramic 
coping; and (2) 0.5 mm thickness coping, constructed 
using both pressing and milling techniques has 
sufficient strength to withstand average masticatory 
forces in the premolar region (222 to 445 N).
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