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Abstract
Purpose: The current study investigated the effect of different luting agents on the
fracture resistance of Procera AllCeram copings.
Methods: Six master dies were duplicated from the prepared maxillary first premolar
tooth using nonprecious metal alloy (Wiron 99). Thirty copings (Procera AllCeram)
of 0.6-mm thickness were manufactured. Three types of luting media were used: zinc
phosphate cement (Elite), glass ionomer cement (Fuji I), and dual-cured composite
resin cement (Panavia F). Ten copings were cemented with each type. Two master dies
were used for each group, and each of them was used to lute five copings. All groups
were cemented according to manufacturer’s instructions and received a static load of
5 kg during cementation. After 24 hours of distilled water storage at 37◦C, the copings
were vertically compressed using a universal testing machine at a crosshead speed of
1 mm/min.
Results: ANOVA revealed significant differences in the load at fracture among the
three groups (p < 0.001). The fracture strength results showed that the mean fracture
strength of zinc phosphate cement (Elite), glass ionomer cement (Fuji I), and resin
luting cement (Panavia F) were 1091.9 N, 784.8 N, and 1953.5 N, respectively.
Conclusion: Different luting agents have an influence on the fracture resistance of
Procera AllCeram copings.

Due to an increasing interest in esthetics and concerns about
toxic and allergic reactions to dental alloys, patients and den-
tists have been looking for metal-free tooth-colored restora-
tions. All-ceramic materials were developed in response to an
increasing demand for biocompatible and esthetically pleasing
restorations. Ceramics are routinely used for dental restora-
tions. Despite the high fracture resistance of traditional metal
ceramic crowns, limitations are imposed on the systems by
esthetic concerns.1,2

Ceramics are brittle and have low tensile strength and fracture
toughness because of the presence of inherent flaws within
the material. Numerous techniques have been developed in an
attempt to overcome this problem and allow the use of all-
ceramic restorations on posterior teeth. One such development
is the use of high-alumina cores such as the Procera AllCeram
core, which contains a densely sintered alumina core.2,3

The past 10 years have seen significant changes, and it is
likely that the next decade will continue to herald both innova-
tions and fine-tuning of existing techniques. Many changes in
the field of dental ceramics technology within the last few years
have seen evolutions of existing techniques. There have also

been completely new innovations, such as the use of electronic
data transmission to enable remote fabrication at a central facil-
ity.4 The Procera AllCeram crown was developed by Andersson
and Oden. The system uses computer-aided design/computer-
aided manufacturing (CAD/CAM) technology to produce an
all-ceramic restoration with many improved physical proper-
ties over existing all-ceramic systems.5−8

The role of cement in fixed prosthodontics is to preserve the
integrity and health of the prepared tooth structure, providing a
seal against microleakage at tooth–crown interface. Laboratory
studies are useful tools to identify preferred cementation meth-
ods and bonding materials before their clinical use. The number
of laboratory studies on resin bonded to densely sintered alu-
mina is small, and there is no long-term data available on resin
bonded to the Procera AllCeram intaglio surface.9,10

Adhesive composite resin luting systems are now recom-
mended for cementation of many all-ceramic systems; however,
because of multistep clinical luting procedures, the tooth-
restoration adhesion actually achieved might be strongly af-
fected by the individual clinical situation, especially in the pos-
terior region. Therefore, cements with less complicated clinical
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Table 1 Materials used

Material Manufacturer Type Batch number

Elite cement GC Corporation, Tokyo, Japan Zinc phosphate cement Liquid: 0302271
Powder: 0304281

Fuji I cement GC Corporation, Tokyo, Japan Glass ionomer cement Liquid: 0308071
Powder: 0308191

Panavia F cement Kuraray Medical, Inc., Okayama, Japan Resin luting cement A paste: 00240 A
B paste: 00133 C

Clearfil Silane Kit Kuraray Medical, Inc., Okayama, Japan Silane coupling agent SE bond primer: 00455 A
Porcelain bond activator: 00155 A

luting procedures might minimize the influence of oral condi-
tions and be of benefit in obtaining a sufficient tooth-restoration
adhesion.11−13

It is obvious from the different studies in relation to the frac-
ture strength of all-ceramic systems that the values reported are
highly variable. This is because the testing of the compressive
strength of crowns is not a standard procedure like a bending
test for a geometrically well-defined bar. Many factors influ-
ence the results: preparation design, crown thickness, direction
and location of the applied load, and radius of the loading sty-
lus.1,14−19

The present study attempted to isolate the cement layer as
the only variable. The objectives of this study were to study the
fracture strength of the Procera AllCeram copings, to determine
in vitro whether Procera AllCeram copings cemented with zinc
phosphate or glass ionomer cements to a metal die provide
as good fracture resistance as Procera AllCeram bonded to a
similar metal die using resin luting cement, and to investigate
the mode of fracture of Procera AllCeram copings with the
three luting agents used in this study.

Materials and methods
Materials

Three types of luting media—zinc-phosphate cement, glass
ionomer cement, and dual-cured composite resin cement with
its silane coupling agent—were used in this study (Table 1).

Figure 1 Procera AllCeram scanner with the die stone secured and
ready for scanning.

Preparing the specimens

For this study, six master dies were duplicated from the prepared
maxillary first premolar tooth using nonprecious metal alloy
(Wiron 99, BEGO, Bremen, Germany). The composition of
Ni–Cr alloy (Wiron 99) in % by weight is as follows: Ni (65),
Cr (22.5), Mo (9.5), Nb (1), Si (1), Fe (0.5), Ce (0.5), and C (≤
0.02). An impression was made for each master die and poured
in die stone (Densite, Shofu, Inc., Kyoto, Japan).

Each stone die was mounted in a Procera scanning machine
(Nobel Biocare, Göteborg, Sweden) linked to a computer and
modem (Fig 1). The die was scanned, and the data then for-
warded to Nobel Biocare in Sweden, where five densely sin-
tered aluminum oxide copings were manufactured with the
same dimensions and a thickness of 0.6 mm for each master
die (total of 30 copings made).

The specimens were divided into three groups according to
the luting cements used. Ten copings were cemented with each
type of the above-mentioned luting agents. Two master dies
were used for each group, and each of them was used to lute five
copings. All copings were cemented onto their corresponding
dies according to the manufacturer’s instructions.

Before cementation, all copings were internally sandblasted
with 50-μm aluminum oxide (Al2 O3) particles at an air pres-
sure of 2.5 bars for 13 seconds from a distance of 10 mm. All
copings and metal dies were steam cleaned and air dried.

With Elite (zinc phosphate luting cement) a full spoon of
powder to three drops of liquid were mixed slowly at room

Figure 2 Fractured coping after loading with a 1.6-mm stainless steel
bar.
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Table 2 Modes of fracture

Mode of fracture Description

I Minimal fracture or crack in coping
II Less than half of coping lost
III Coping fracture through midline

(half of coping displaced or lost)
IV More than half of coping lost
V Severe fracture of coping and/or die

temperature (24◦C) to a constant creamy consistency on a
cooled, dry, and thick mixing glass slab over a wide area for 60
seconds. For Fuji I (glass ionomer luting cement), a full spoon
of powder to two drops of liquid were dispensed onto the mix-
ing pad and mixed rapidly at room temperature (24◦C) for 20
seconds. Then a coating of cement was applied to the internal
surface of each coping.

With Panavia F (dual-cured composite resin cement), the ED
primer was applied to the entire surface of the metal die and al-
lowed to set for 60 seconds before air-drying with gentle airflow.
The fit surfaces of all copings were silanated with a mixture of
Clearfil Porcelain Bond Activator and Clearfil SE Bond Primer.
The mixture was applied to the internal surface of the coping
and left for 5 seconds before air-drying with gentle air flow.
A sufficient amount of the Panavia F (one complete turn from
each cartridge A&B) was dispensed, mixed for 20 seconds,
and applied to the internal surface of each coping.

Finger pressure was used to initially seat each crown on its
die, and for the zinc phosphate and glass ionomer cements,
each crown was held in place while any excess cement was
removed before the luting agent set completely. With resin
luting cement (Panavia F), any excess paste remaining at the
margins was removed with a disposable brush, and a layer of
Oxyguard II (Kuraray) was applied for 3 minutes around the
margins of each specimen. The specimens were then placed in
a custom-made vertical loading apparatus (Makramani Load),
specially designed for this study, for 10 minutes under a 5-kg
load. Following cementation, all specimens were placed in a
sealed container of distilled water and left in an incubator at a
constant temperature of 37◦C for 24 hours.

Testing the Fracture Strength

The master die with cemented coping was removed from the
storage container and mounted in a specially designed jig
and subjected to testing on the Instron Testing Machine. A

Table 3 Mean and median load at fracture, standard deviation, and 95% confidence interval for each experimental group (measurements in N)

95% Confidence interval

Treatment group n Mean (SD) Lower bound Upper bound Median

Group 1 (Elite) 10 1091.9 (194.64)∗ 952.68 1231.16 1070.5
Group II (Fuji I) 10 784.8 (136.61)† 687.06 882.52 789.3
Group III (Panavia F) 10 1953.5 (210.68) ‡ 1802.79 2104.21 2024.5

Means indicated by different symbols are significantly different at p < 0.05.

1.6-mm stainless steel bar mounted on the crosshead of the
Instron Testing Machine was used; the Instron applied a com-
pressive load at the center of the occlusal surface, along the long
axis of the cemented copings, at a crosshead speed of 1 mm/min
until fracture was observed (Fig 2). The maximum force to pro-
duce fracture was recorded in Newtons. The fractured crowns
were removed, and the master die was ultrasonically cleaned
before a new coping was cemented. Five Procera AllCeram
copings for each master die were tested in this manner. The
force at failure was noted, and the failed coping was examined
to determine the mode of fracture. The mode of fracture was
determined using categories as described by Burke (Table 2).20

The fractured specimens and fragments were collected, and one
specimen from each group was selected for scanning electron
microscopic (SEM) examination.

Statistics

The results of the study were statistically tested by one-way
analysis of variance (ANOVA) and Duncan’s multiple range
test to determine if significant differences between test groups
were related to the luting material used for each group. The non-
parametric Kruskal–Wallis test was used to test the association
between mode of fracture and fracture strength. The chi-square
test was used to test the association between treatment group
and mode of fracture.

Results

The mean and median load at fracture, the standard deviation,
and the 95% confidence interval for each experimental group
are recorded in Table 3. The results were analyzed with one-
way ANOVA and demonstrated that at least one pair of mean
values differ significantly (p < 0.001). Duncan’s multiple range
test was also applied and indicated that all three group means
differ from each other significantly. Procera AllCeram copings
cemented with resin luting cement Panavia F (1953.50 N ±
210.682) were significantly stronger than Procera AllCeram
copings cemented with either zinc phosphate Elite (1091.92
N ± 194.645) or glass ionomer Fuji I (784.79 N ± 136.612)
cements.

Nonparametric Kruskal–Wallis test was used to test if there
was any association between mode of fracture and fracture
strength. There was no evidence of association between mode
of fracture and fracture strength (p > 0.05).

Chi-square test was used to test if there was any association
between treatment group and mode of fracture. There was no
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Table 4 Frequency, mean load at fracture (SD), and fracture frequency per luting media for each mode of fracture

Fracture frequency per group
Frequency of Mean load at

Mode of fracture fracture mode (%) fracture, N (SD) Elite Fuji I Panavia F

Minimal fracture (I) 14 (46.7) 1458.0 (571.09) 3 3 8
Less than half of coping lost (II) 1 (3.3) 1060.0 (0.00) 1 0 0
Coping fracture through midline (III) 3 (10.0) 755.0 (106.72) 0 3 0
More than half of coping lost (IV) 2 (6.7) 1657.0 (581.24) 1 0 1
Severe fracture of die and/or coping (V) 10 (33.3) 1125.1 (448.06) 5 4 1

Difference is significant at p < 0.05.

significant association between treatment group and mode of
fracture (p > 0.05). The descriptive summary for modes of
fracture and mean load at which the various fracture modes
occurred was recorded for each specimen (Table 4).

SEM images of the fractured surface of Procera AllCeram
copings (Figs 3–5) demonstrated that only Procera AllCeram
copings cemented with the resin cement showed the line dis-
tinguishing between the coping and the cement, which means
that there was some sort of bonding between Procera AllCeram
copings and resin luting cement (Fig 5).

Discussion
This study was conducted to compare the fracture strength of
Procera AllCeram copings using different luting agents. For
this reason, metal dies were designed to represent a tooth pre-
pared for a full-ceramic crown, thereby ensuring a standard size
and shape for construction. Crown-shaped restorations were
used, because it has been reported that these may allow the
restorations to behave in a manner that potentially represents
the clinical situation more closely than ceramic discs.21

The results of the present study indicated that the Procera All-
Ceram copings luted with the resin luting cement (Panavia F)
provided resistance to fracture that was significantly superior
to that obtained when conventional luting agents were used,
as an important statistical difference was identified. The glass

Figure 3 SEM image of Procera AllCeram coping cemented with zinc
phosphate cement (Elite) (×2000).

ionomer cement (Fuji I) group gave the lowest fracture resis-
tance of the three examined groups.

Many studies have shown a strong enhancement of the frac-
ture strength of all-ceramic crowns bonded to dies or teeth
versus nonbonded crowns. The results of this study are in agree-
ment with the results of previous studies;17,22−24 however, the
noticeably higher fracture resistance of Procera AllCeram cop-
ings bonded with the resin luting agent (Panavia F) used in this
study may be due to: (i) the combination of air particle abra-
sion, silane coupling agent, and the resin luting agent Panavia F
may reduce the stress at the flaw tips;25 (ii) the Procera core
material examined by SEM had very little porosity (Figs 3-5),
with complete densely packed alumina particles achieved. This,
coupled with the high alumina content, is thought to account
for the strengths attained by Procera copings.

In contrast, Casson et al found that the zinc phosphate ce-
ment group produced a higher mean fracture strength (1216 N)
than glass ionomer cement (754 N) or resin cement (989 N)
groups.26

Examination of the mode of fracture of specimens revealed
that the majority of Procera AllCeram copings cemented with
either zinc phosphate or glass ionomer cements exhibited se-
vere fracture of copings. In contrast, Procera AllCeram copings
cemented with resin cement (Panavia F) showed minimal frac-
ture without any loss of coping. The retention of resin cement
on the internal surface of Procera AllCeram copings provide the

Figure 4 SEM image of Procera AllCeram coping cemented with glass
ionomer cement (Fuji I) (×2000).
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Figure 5 SEM image of Procera AllCeram coping cemented with resin
luting cement (Panavia F) (×2000).

reason for the difference in the mode of fracture between the
resin group and that of the zinc phosphate and glass ionomer
cements groups. In addition to that, the use of silane coupling
agent reduces the stress at the flaw tips, which restricts the
propagation of crack within the coping.

This study evaluated the effect of luting cements on the frac-
ture strength of Procera AllCeram crown on metal dies only.
Therefore, further studies are required to investigate the effect
of luting cements on the fracture strength of Procera AllCe-
ram crown (veneered) using different luting cements on tooth
structure.

Conclusion
Different luting agents have an influence on the fracture resis-
tance of Procera AllCeram copings.
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