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Clinical Implications
Results of this study suggest that, in general, and assuming all other 
physical characteristics remain virtually the same, it is desirable to 
use a ceramic veneering material with a higher K1C.

Statement of problem. Veneering ceramic materials designed to be used with high noble alloy and zirconia-based 
restorations have been reported to be susceptible to chipping in vivo.

Purpose. The purpose of this study was to evaluate and compare the fracture toughness of heat-pressed and layered 
ceramics intended for zirconia and high-noble alloy substrates.

Material and methods. Bar specimens were fabricated from 8 different ceramics (Ivoclar-Vivadent [I] and Noritake 
[N]) intended for pressing (P) and layering (L) to high noble alloy (M) and zirconia (Z) substrates, following the 
ISO 6872 protocol. The single edge notch beam test method was used to create a notch in the center of each speci-
men, which was then tested with a universal testing machine (n=6, cross-head speed=0.5 mm/min) and the fracture 
force values recorded. These values were used to calculate the fracture toughness (K1c) for each specimen. Fracture 
surfaces were examined with a scanning electron microscope, and the basic components of the tested ceramics were 
determined by using energy dispersive x-ray (EDX) spectroscopy. Data were analyzed with 3-way ANOVA, followed by 
multiple comparisons using the Holm method (α=.05).

Results. The mean (SD) of the calculated fracture toughness values obtained ranged from 1.20 (0.04) MPa·m1/2 
(group NZL) to 1.74 (0.04) MPa·m1/2 (group IZL). Fracture toughness was significantly higher in group IZL (1.74) than 
group IZP (1.41), but lower in group NZL (1.20) than group NZP (1.36) (P<.001). Fracture toughness was somewhat 
lower in group IML (1.36) than group IMP (1.47) (P=.018), and no significant difference was found between group 
NML and group NMP (P=.14). Veneering ceramics used with a metal substrate showed a crystalline structure mixed 
with a glassy phase pattern on the fracture surface. The results of EDX analysis on the fracture surfaces indicated that 
the tested ceramics were composed of Si, Al, K, Na, Mg, and oxygen elements.

Conclusions. Ceramics used for veneering zirconia substrate may have various fracture toughness values that relate 
primarily to the processing technique. (J Prosthet Dent 2013;109:234-240)
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Metal ceramic restorations have 
been the preferred complete cover-
age restoration for long-term clini-
cal success.1-3 However, as dentistry 
evolves, the demand for metal-free 
materials with increased translucency 
that mimic the natural dentition has 
been increasing.4 Traditionally, ve-
neering ceramics are layered on metal 
or ceramic core materials to establish 
an optimum esthetic outcome,5 and 
veneer compositions are adjusted so 
that their thermal expansions are opti-
mized for the corresponding substrate 
materials.6-8 Heat pressing technol-
ogy, which involves  the simultaneous 
application of heat and pressure to 
prefabricated ingots in a previously 
invested mold cavity, has been used 
in dentistry for over 40 years to fab-
ricate single crowns and partial fixed 
dental prostheses.9 Ceramics can be 
pressed onto a substrate or formed 
as a monolithic restoration, depend-
ing on their use and the esthetic needs 
of the patient.9-11 Long-term clinical 
studies have been undertaken to eval-
uate the clinical performance of high-
noble alloy metal ceramic and zirco-
nia-based dental prostheses.3,12-23 The 
most common clinical complication 
reported by systematic reviews is the 
chipping of veneering ceramics from 
fixed dental prostheses.24,25 

However, in assessing a ceramic 
material as an isolated entity, the 2 
most important characteristics of 
heat-pressed and layered ceramics, no 
matter the chosen substrate, are their 
fracture strength and fracture tough-
ness.26 Fracture strength, also known 
as breaking strength, is the stress at 
which a specimen fails through frac-
ture. Fracture toughness is defined as 
the resistance of a material to rapid 
crack propagation and can be char-
acterized by the parameter, K1C. It is 
generally independent of the size of 
the initiating crack. Fracture tough-
ness is established as an effective 
method to evaluate the strain-energy-
absorbing quality of ceramic materi-
als by measuring the critical stress in-
tensity factor for mode 1 opening. In 
this, K stands for the stress intensity, 

C indicates the critical value for crack 
growth, and mode 1 is straight open-
ing without twisting or shearing.27-29

The strength of ceramic products 
is limited by the size of the cracks or 
defects that appear during process-
ing, production, and handling.26,27 
Generally, stronger objects will sus-
tain greater stress before failure and 
have higher fracture strength. The 
fracture strength of ceramics is usually 
proportional to its fracture toughness 
values in brittle materials.26 Unfortu-
nately, the stronger a glass is, the more 
dramatic the fracture when it breaks 
due to greater stored elastic strain 
energy.30,31 The fracture resistance of 
veneering ceramics to both metal and 
zirconia substrates was assessed, and 
the results indicated that no significant 
differences existed between the layer-
ing and pressing techniques.32,33 

The purpose of this in vitro study 
was to evaluate and compare the frac-
ture toughness of heat-pressed and 
layered veneering ceramics intended 
for zirconia and high  noble metal alloy 
substrates. The null hypotheses tested 
were that differences in material and 
processing technique would have no 
influence on fracture toughness. 

MATERIAL AND METHODS

The commercially available veneer-
ing ceramics used in this study were re-
ceived from 2 companies [I], Ivoclar-

Vivadent Inc, Amherst, NY and [N], 
Noritake Dental Supply Company 
Ltd, Miyoshi, Japan) and were intend-
ed for pressing (P) and layering (L) to 
high noble alloy (M) and zirconia (Z) 
substrates. Specimens were prepared 
from each material and assigned to 
8 groups, combining manufacturer (I 
or N), intended substrate use (M or 
Z), and processing technique (L or P). 
Details of the testing materials are de-
scribed in Table I. 

A laser cutting machine (Model 
C120; Redsail Tech Co, Ltd, Shan-
dong, China) was used to cut an 
acrylic resin sheet (Acrylite GP sheets; 
Professional Plastics Inc, Fullerton, 
Calif ) into precise 4 × 3 × 15 mm 
bars for specimen preparation for the 
heat-pressed ceramic groups. A rect-
angular 5 × 20 × 25 mm acrylic resin 
pattern was also constructed to fa-
cilitate the fabrication of the layered 
ceramic specimens. 

To prepare the heat-pressed speci-
men, the acrylic resin bars were sprued 
with a 3-mm length of 10 gauge sprue 
wax in a 200 gram investment ring 
system (Silicone Ring; Ivoclar-Viva-
dent). The sprued bars were at least 3 
mm apart and at a 45-degree angle to 
the base of the investment ring. Phos-
phate-bonded investment (IPS Press-
Vest Speed; Ivoclar-Vivadent) was 
used to invest acrylic resin patterns 
for the Ivoclar-Vivadent heat-pressed 
ceramics. A second phosphate bond-

Table I. Descriptions of materials evaluated

IML

IMP

IZL

IZP

NML

NMP

NZL

NZP

Ivoclar-Vivadent

Ivoclar-Vivadent

Ivoclar-Vivadent

Ivoclar-Vivadent

Noritake

Noritake

Noritake

Noritake

Manufacturer

IPS InLine Porcelain

IPS InLine POM

e.max Ceram 

e.max Zirpress 

EX-3 Super Porcelain 

EX-3 Press 

CZR Cerabien 

CZR Press 

Product 
Name

593226

602395

596958

596785

32200

1B8121

17786

BCEMP

Batch 
Number

Metal

Metal

Zirconia

Zirconia

Metal

Metal

Zirconia

Zirconia

Intended 
Substrate

Layering

Pressing

Layering

Pressing

Layering

Pressing

Layering

Pressing

Processing 
TechniqueCode

I: Ivoclar-Vivadent Inc, Amherst, NY; N: Noritake Dental Supply Company Ltd, Miyoshi, Japan.
L: Layering; P: Pressing; M: Metal substrate; Z: Zirconia substrate
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