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ABSTRACT

1. INTRODUCTION

Objectives: The effect of ceramics construction (pressable, machinable) and corrosion on flexural strength
and micro-hardness was studied. Materials & Methods: Two types of ceramics were tested: IPS e-max
Press and IPS e-max CAD. Forty samples were constructed and divided into 2 groups according to the
type of ceramics. Each group was then subdivided
into 2 subgroups. Subgroups 1 were not subjected to
corrosion while subgroups 2 were subjected to corrosion test. Finally each subgroup was divided into 2
classes according to the type of test: biaxial flexural
strength, micro-hardness. Results: There was a significant difference between the two tested ceramics as
regard weight loss as IPS e-max CAD recorded less
weight loss than IPS e-max Press. As regard the flexural strength, IPS e-max CAD recorded significant
higher strength than IPS e-max Press. Corroded samples recorded significant lower flexural strength than
non-corroded samples for the two tested ceramics. As
regard the Vickers micro-hardness test, the results
showed significant difference between the two tested
ceramics. IPS e-max CAD recorded higher micro-hardness values than IPS e-max Press. The results also showed that the corroded samples recorded
no significant micro-hardness values than non- corroded samples for the two tested ceramics. Conclusions: IPS e-max CAD recorded less weight loss
weight loss after being subjected to corrosion test
than IPS e-max Press. The method of fabrication affected the flexural strength &micro-hardness of ceramic as machinable ceramic (e-max CAD) recorded
significant higher data than pressable ceramic (e-mas
Press). Corrosion decreased the flexural strength of
both tested ceramics but had no effect on microhardness.

Advanced progress in technology and research of new
dental materials has resulted in an increased number of
all-ceramic systems. Several processing techniques are
available for fabricating all-ceramic restoration: sintering, heat pressing, infiltration, casting and machining.
[1,2] Recently, IPS e-max is an innovative all-ceramic
system which covers the entire all-ceramics indication
range from thin veneers to 10 units FPDs. IPS e-max
delivers high strength and high esthetic materials for the
press and the CAD/CAM technologies [3].
IPs e-max Press (Ivoclar Vivadent) consists of a lithium-disilicate pressed glass ceramic, but its physical
properties and translucency are improved through different firing processes compared to IPs Empress 2. Emax press is a pressed glass-ceramic ingot (lithium disilicate crystals). The lithium disilicate crystals prevent
the propagation of microcracks and contribute to the
esthetic translucency of the Ips e.max press restorations.
[4].
IPs e.max CAD is a lithium disilicate glass-ceramic
block for the CAD/CAM technique. It is fabricated using
an innovative process which provides an impressive homogeneity of the material. The block can be processed
very easily in a CAD/CAM unit in this crystalline intermediate stage. The typical and striking color of IPs e.
max CAD ranges from whitish to blue and bluish-grey
microstructure of the glass-ceramic. IPs e.max CAD
combines uniqueness and high performance. The innovative lithium disilicate ceramic fulfills the highest esthetic demands and unites state of the art technology
with exceptional user-friendliness [5].
The CEREC in-Lab system is an evolution from the
dentist-based CERECIII system. CEREC in-Lab is based
on the same technology as the chairside system, with the
addition of laser measurement technology. The system is
a self-contain scanning and milling unit designed to fabricate single copings and three-unit FPD frameworks.
The die to be scanned is placed in the system and is op-

Keywords: IPS E-Max; Corrosion; Flexural Strength;
Micro-Hardness

Published Online June 2011 in SciRes. http://www.scirp.org/journal/OJST

30

C. Mohsen / Open Journal of Stomatology 1 (2011) 29-35

tically scanned. A virtual die is then displayed on the
monitor and the coping is designed through the software.
The die is then replaced with a block of the desired material and the coping or framework is machined. [6]
The chemical durability of ceramic materials is basically good, but it may be influenced by many factors,
such as the composition and microstructure of the ceramic material, the chemical character of the corrosive
medium, the exposure time, and the temperature. [7] The
multiphase microstructure of many dental ceramic materials results in complicated corrosion modes, as each
phase is likely to react individually to the corrosive medium. In a previous study, Midelling et al. (1999) [8]
showed that different dental ceramic materials did not
respond uniformly to a specific corrosive environment.
In partially crystallized ceramics, immersion in 4% acetic acid at 80˚C for 18 h resulted in increased surface
roughness, whereas microcrystalline and non-crystalline
materials remained virtually unaffected, as judged by the
surface roughness test results.
Flexural strength of the ceramic material is an important factor for the success of any fixed restorations [9].
Flexural strength test are preferred to diametral compressive test because they more closely simulate the stress
distribution in the dental prostheses. It was stated by
Anusavice (1996) [10] that: “This test is, in a sense a
collective measurement of tensile, compressive and shear
stresses simultaneously.” Marx & Fisher (2001) [11] and
Albakry et al. (2003) [12] compared the flexural strength
of IPS e-max, IPS Empress 2 and IPS Empress. They
reported that IPS e-max recorded higher flexural strength
than the other 2 pressable ceramics.
Hardness is considered an important property when
comparing restorative materials. It is a measure of the
resistance to permanent surface indentation or penetration. The significance of measuring hardness in dental
material is that it delineates the abrasiveness of a material to which the natural dentition may be submitted [13].
Albakry et al. (2003) [13] reported no difference in micro-hardness between 2 pressable ceramics: IPS Empress
2 and an experimental ceramic.
The aim of this research is to compare between IPS
e-max Press & IPS e-max CAD as regard weight loss
due to a corrosive medium as well as the effect of corrosion on their flexural strength & micro-hardness.

2. MATERIALS & METHODS
2.1. Samples Grouping
Forty samples were constructed and divided into 2
groups (20 samples each) according to the type of ceramics: IPS e-max Press & IPS e-max CAD .Each group
was then subdivided into 2 subgroups(10 samples each).
Subgroups 1 were not subjected to corrosion while subCopyright © 2011 SciRes.

groups 2 were subjected to corrosion test. Finally each
subgroup was divided into 2 classes (5 samples each) according to the type of test: biaxial flexural strength, micro-hardness.

2.2. Samples Construction
2.2.1. IPS E-Max Press
A cylindrical split copper mold was designed and constructed to allow the fabrication of wax discs with the
intended dimension (10 mm diameter and 1.5 mm
thickness). The wax was then molten and poured into the
copper mold. After the wax hardened, it was smoothened
with a nylon cloth, sprued. The wax were invested according to the IPs press vest speed investment instructions for use. The corresponding IPs silicone ring then
carefully filled with the investment material up to the
mark and the ring gauge was placed with a hinged movement. The investment material was allowed to set without manipulating the investment ring. Then the investment ring was prepared for preheating as follows: ring
gauge and ring base were removed and the investment
ring was pushed out of the IPs silicone ring. Rough spots
on the bottom surface of the investment ring were removed with a plaster knife to insure flat smooth base.
The investment ring with the opening facing down was
placed in the preheating furnace and heated at 850˚C for
60 minutes. Once the preheating cycle had been completed, the investment ring was removed from the preheating furnace, the cold IPs e.max press ingot was inserted into the hot investment ring. The powder-coated
cold IPs e.max Alox plunger was placed into the hot investment ring.
The completed investment ring was placed at the center of the hot press furnace (EP600 Combi) using the
investment tongs and start button was pressed to start the
selected program. The investment ring was removed from
the furnace immediately after the program was completed and placed on the cooling grid and allowed to
cool to room temperature. Then, divesting was performed
and the reaction layer formed during the press procedure
was removed using IPS e-max Invex liquid followed by
air blasting. Subsequently, the ceramic samples were
cleaned under running water and then air dried. Sprue
was then cut using a fine diamond disk (916-200) and
the samples were finished by air blasted with Al2O3 at 1
bar, and cleaned with steam.
Finally, the samples were subjected to a glaze firing
cycles using IPS e-max ceram glaze paste according to
manufactures’ instructions.
2.2.2. IPS E-Max CAD
An extra hard type four stone material “Dentona” which
is recommended for CAD/CAM models, was vacuum
mixed with the recommended water/powder ratio, viOJST
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brated and poured inside the copper mold with the intended dimension (10 mm. diameter and 1.5 mm thickness), which is placed on a clean and dry glass slab. Another glass slab was adjusted on the upper surface of the
mold in order to obtain smooth and flat surface. After
complete setting of the stone model, the mold was splitted, the model was trimmed and ready for scanning. The
disc model was mounted on the model holder using a
special filling material recommended by the manufacturer to fix the model in place while scanned. The
scanned images were stored on the computer hard disc
ready for the sample design step. Following scanning,
the sample was designed and milled using IPS e-max
CAD block. Finally, the samples were subjected to crystallization & glaze firing with IPS e-max CAD Crystal/
glaze paste. The IPs e.max CAD samples attained their
final physical properties, and also desired aesthetic properties, such as color, excellent translucency and brightness.
2.2.3. Corrosion Test
The samples were first washed three times with ethyl
alcohol then dried. The samples were weighed then placed
in test tubes having the same volume 4% acetic acid solution at a temperature of 80˚C and kept for 16 hours
according to the ISO 6872 Standards for hydrolytic resistance of dental ceramic materials [8]. To reduce the
risk of micro-crack formations, the temperature of the
corrosive solution was slowly increased until the storage
temperature of 80 ± 2˚C was reached. After cooling to
room temperature at the end of the test the samples were
removed, rinsed with de-ionized distilled water and ethyl
alcohol and dried. Then the samples were washed with
water, dried and re-weighed. The weight loss was then
calculated in relation to the surface area of the samples:
weight of the sample before chemical degradation test
minus its weight after chemical degradation test divided
by the surface area of the sample [14] .
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Figure 2. Disc stone model mounted on the model holder.

2.2.4. Biaxial Flexural Strength Test
According to the ASTM Standard (ASTM, F394-789,
1991) standard test method for flexural strength of ceramic [15] and the international standard ISO6872-1994
[16], the tested samples were fractured using the piston
on a three ball technique. The test assembly was made of
a copper base ring having a centralized circle with three
equally distributed balls and a steel piston. The base was
attached to the lower fixed part of the testing machine
(Lloyd universal testing machine, Lloyd Instruments,
U.K.). The discs were placed in the centralized circle
and supported on the three ball bearings. The piston was
attached to the under-side of the upper movable part of
the testing machine. Discs were loaded to failure by a
compressive load applied by the piston. A cross head
loading rate of 0.5 mm/minute was applied .This test
assembly allowed the maximum fracture force to be generated at the center of the tested disc. The flexural strength
was calculated according to equations developed by
Marshall [17], Wachtman [18] and Kirstein and Woolley
[19] .
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Where : σ = failure stress
P = applied load at failure
t = thickness of the sample v = Poisson’s ratio (0.25)
a = radius of the support circle
b = radius of the tested sample
r0 = radius of the piston in contact
Figure 1. Sprued disc patterns attached to the ring base.
Copyright © 2011 SciRes.

2.2.5. Hardness Test
The surface hardness were measured using Vickers HardOJST
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ness Tester (Model HVS-50, Laizhou Huayin Testing
Instrument Co Ltd. China). The tested sample was
mounted in the horizontal stage of the tester then the indentor was lowered under a load of 10 Kg for 20 seconds. The indentations were measured immediately after
automatic return back of the indentor .
Readings were performed by measuring the size of the
diagonals of the indentation directly in Vickers. For each
tested sample, 5 indentations were measured and an average Vickers hardness number HV was determined .
2.2.6. Statistical Test
Data was collected, calculated , tabulated. and presented
as means. The ion leached results were further statistically analyzed using one-way ANOVA Test. Then, a
Tukey Test was performed to determine significant differences between the tested groups using a confidence
level of 0.05 (p < 0.05).

3. RESULTS
3.1. Corrosion Test Results
Means and standard deviations of the ceramics weight
loss for the tested groups are presented in Table 1 and
Figure 3. A one way ANOVA Test was used to determine significant differences between the tested samples
(p < 0.05). The Tukey test for multiple comparisons of
means at (p < 0.05) was done following the one-way
analysis of variance. The results showed a statictical
significant difference between the two tested ceramics.
IPS e-max CAD recorded less weight loss than IPS emax Press.
Means and standard deviations of the ceramics flexural
2

Table 1. Means & Standard deviations of weight Loss (mg/cm )
of the tested materials after the corrosion test.
IPS e-max Press

Weight Loss

10.8 (1.3)

IPS e-max CAD Critical Value
03.4
06.4 (1.1)

Figure 3. Comparison between the weight loss due to corrosion test of the tested ceramics.
Copyright © 2011 SciRes.

3.3. Micro-Hardness Results
Means and standard deviations of the ceramics microhardness values for the tested groups are presented in
Table 3 and Figure 5. A one way ANOVA Test was
used to determine significant differences between the
tested samples (p < 0.05). The Tukey test for multiple
comparisons of means at (p < 0.05) was done following
the one-way analysis of variance. The results showed significant difference between the two tested ceramics. IPS
e-max CAD recorded higher micro-hardness values than
IPS e-max Press. The results also showed that the corroded samples recorded no significant micro-hard- ness
values than non-corroded samples for the two tested ceramics.

4. DISCUSSION
Improvement of appearance are continuously increasing,
the use of all-ceramic materials became increasingly
Table 2. Means & Standard deviations of flexural strength
(MPa) of the tested ceramics before & after corrosion test.

3.2. Biaxial Flexural Strength Results

Materials

strength data recorded for the tested groups are presented
in Table 2 and Figure 4. A one way ANOVA Test was
used to determine significant differences between the
tested samples (p < 0.05). The Tukey test for multiple
comparisons of means at (p < 0.05) was done following
the one-way analysis of variance .The results showed
that IPS e-max CAD recorded significant higher strength
than IPS e-max Press.
Corroded samples recorded significant lower flexural
strength than non-corroded samples for the two tested
ceramics.

Materials
Corrosion
condition
Flexural
strength

IPS e-max Press

IPS e-max CAD

Without
After
Without
corrosion corrosion corrosion
318 (12)

257 (12)

345 (7)

After
corrosion

Crtitical
Value :
20

289 (8)

Figure 4. Comparison between the flexural strength of the
tested ceramics.
OJST
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Table 3. Means & Standard deviations of micro-hardness (HV)
of the tested ceramics before & after corrosion test.
Materials

IPS e-max Press

Corrosion
condition

Without
After
corrosion corrosion

Microhardness
Difference
in Hardness
(DH)

453.25
(23)

IPS e-max CAD

After
corrosion Crtitical
Value:
427.12 (12) 545.68 (16) 528.13 (17) 37.40

26.13

Without
corrosion

17.55

Figure 5. Comparison between the micro-hardness of the
tested ceramics.

relevant to restorative dentistry. All-ceramic restorations
are characterized by enhanced esthetic properties, high
biocompatibility, diminished plaque accumulation, low
thermal conductivity, abrasion resistance and color stability. To achieve all-ceramic restorations with appropriate fracture strength, exceeding the maximal biting force,
new ceramic core materials were recently introduced. In
the current study, IPs e.max press and IPs e.max CAD
were selected as being recommended for use in posterior
crowns because of the improved mechanical properties
[20]. The 1.5 mm thickness used for the samples is the
thickness indicated for the occlusal surface for fixed
restorations [4,5].
Cerec in-Lab 3D system was used as it is the latest
addition to Sirona CAD/CAM product line, introduced
in 2005. Its advanced software allows for broad range of
indications: crown copings, multi-unit bridge frameworks,
inlays, onlays and fully contoured crowns out of single
solid blocks. It also allows anatomically perfect results
due to the bio-generic occlusal surface design of inlays
and onlays. The bio-generic modeling function is based
on data acquired from thousands of natural teeth. The
preparation margin is marked with just a few mouse
clicks and the software does all the rest. In order to ensure the accuracy of the restoration, the lab technician
sees what will be milled on the screen before it is sent to
Copyright © 2011 SciRes.
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the milling machine. Milling performance and precision
has been optimized to ± 25 microns. [21].
Dental ceramics are often called inert materials [22].
Corrosion rate and behavior of ceramics are more favorable than dental alloys due to the fact that silica has
the lowest known permeability to oxygen [23]. It can be
hypothesized, however, that differences in the composition, microstructure and environmental conditions will
affect the degree of corrosion degradation [22]. Hammad
and khalil [24] reported that ceramic surfaces finished
using different techniques reacted differently when subjected to etching using fluoride agents . In this study, the
corrosion test used was according to the ISO 6872 Standards for hydrolytic resistance of dental ceramic materials. [8]
Strength measurements of a brittle dental material is
often relied upon as an indicator of its structural performance [25]. In this research, the biaxial flexural
strength was measured for the tested ceramics. The biaxial flexural tests was added to the ISO standard for
dental ceramics (ISO 6872-1994) [25]. There are different designs for the biaxial tests, which include ball-onring, ring-on-ring and piston-on-three-ball test (26). The
latter is the ASTM Standard (ASTM, F394-789, 1991)
[1,26-27] for biaxial flexure testing and was chosen for
this study. Flexural strength test are preferred to diametral compressive test because they more closely simulate the stress distribution in the dental prostheses.
This test also, eliminates the effect of edge fracture because they are not directly loaded, and the maximum
tensile stress occur within the central loading area [28,
29].
Several properties of a material are related to its hardness as strength, proportional limit and ductility. [10,30]
Indentation hardness testing is a convenient means of
investigating the mechanical properties of a small volume of materials. Among a variety of indentor geometries used in hardness testing, the Vickers indentor is one
in most widespread use. The Vicker Hardness Test was
selected because it is suitable for determining the hardness of small areas as used by previous investi- gator
[30].
The corrosion behavior of ceramics is generally smaller
compared to other dental alloys due to the fact that silica
has the lowest known permeability to oxygen [23]. Garcia et al. (2003) [31] showed that veneering base metal
alloys with ceramics reported lower passive current densities due to the good corrosion resistance of ceramics.
In dental literature, corrosion behavior of the ceramic
materials is not well documented .The concept of this
research is based on the hypothesis made by Midelling et
al. (2001) [22]. They drew the attention that due to variations existing in the microstructure and composition
OJST
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between dental ceramic materials, it may be hypothesized that these interceramic differences will qualitatively and quantitatively influence the ion leaching when
the ceramics are exposed to aqueous media. The results
reported in this research showed statistical significant
difference between the two tested ceramics; IPS e-max
CAD showed better chemical stability by recording less
weight loss values than IPS e-max Press. This may be
due to the fact of difference in the technology of fabrication as the IPS e-max CAD was subjected to 1 firing
cycles (crystallization & glaze firing) compared to the
IPS e-max Press which was subjected to 2 firing cycles
(pressing then glazing) as the corrosion process of a material can be affected by the applied heat treatment [32].
The results of this study revealed that IPS e.max CAD
samples recorded a higher flexural strength means value
(345) MPa than that obtained with IPS e.max Press samples (318) MPa before corrosion. The statistical analysis
showed a significant difference between e.max CAD
flexural strength mean value and that of IPS e.max Press.
This can be explained as the tightly controlled industrial
ceramic processing produces increased micro-structural
uniformity, higher density, lower porosity and lesser
residual stresses with a smaller range of fracture strength
variation and therefore greater structural reliability for
dental applications than laboratory- processed dental
ceramic material [33]. The results also showed that for
both types of tested ceramics, the corroded samples recorded significant less flexural strength than that of the
non-corroded samples. This may be due to the chemical
degradation of ceramics in an aqueous environment.
Under more severe conditions, as in an acidic solution
for chemical durability test, the Si−O−Si bonds may be
broken, and the entire glass structure may be impaired. It
can be assumed that similar degradation processes will
also occur for many dental ceramics because their microstructure is dominated by a glassy matrix [32].
As regard micro-hardness, the results showed that the
e.max CAD samples recorded a higher micro-hardness
value (545.68) HV than that obtained with e.max Press
samples (453.25) HV for the samples not subjected to
corrosion. Although, both ceramics composition are
nearly the same, the statistical difference may be due to
the difference in the technology of fabrication as e-max
CAD is subjected to milling then heat treatment, while it
is in solid state. On the other hand, e-max Press is softened by heat in the pressing step, then subjected to a
removal of the reaction layer then subjected to heat
treatment. The corrosion test had insignificant effect on
hardness as reported by previous investigator. [34] The
results showed no statistical difference between the corroded and the non-corroded samples for both ceramics
tested.
Copyright © 2011 SciRes.

5. CONCLUSIONS
1- IPS e-max CAD recorded less weight loss after being
subjected to corrosion test than IPS e-max Press.
2- The method of construction affected the flexural
strength & micro-hardness of ceramic as machinable ceramic (IPS e-max CAD) recorded significant higher data
than pressable ceramic (IPS e-mas Press).
3- Corrosion decreased the flexural strength of both
tested ceramics .
4- Corrosion test had insignificant effect on hardness.
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