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ABSTRACT

Aims: The aim of this study was to investigate the
effect of the use of a colloidal alumina/inorganic bin-
der on the shear strength of In-Ceram core material.

Methods: Two groups of samples (A & B) were fabri-
cated in accordance with the relevant ISO specifica-
tion; while the fabrication of group A was conducted
in the conventional manner, group B samples were
fabricated by using In-Ceram powder and colloidal
alumina as binder. Three point bending test was
applied on each group. The sample and the fracture
surface were evaluated with SEM (Scanning Electro
Microscope) x600, x800, x1200, and x2000 mag-

nification.

Results: The mean fracture resistance for groups A
and B were 963.75 MPa and 1164 MPa, respectively
and the difference between two groups were statisti-
cally significant (P<0.05)

Conclusion: Within the limitations of this study, the
use of colloidal alumina seems to be promising in
reinforcing the In-Ceram core material.
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OzeT

Amag: Bu arastirmada In-Ceram kor materyalinin
kolloidal alumina ile sinterize edilmesi sonucu daya-
nikhihig arastirilmstir.

Metod: Uluslararasi standartlar organizasyonunun
(ISO) belirledigi olciilerde 2x4x25 mm boyutlarinda
In-Ceram kor materyalinden olusan iki ayri grup
hazirlanmustir. A grubu 6rnekleri geleneksel In-Ceram
kor yapt hazirlama sekline uygun hazirlanmistir. B
grubu ornekleri ise In-Ceram tozuna inorganik bag-
layic1 olarak (binder) Kkolloidal alumina kullanilarak
hazirlanmistir. Ornekler iic nokta egilme testine tabi
tutulmustur, ve kirilma vyiizeyleri SEM (Scanning
Electro Microscope) ile x600, x800, x1200, ve
x2000 buyttme ile incelenmistir.

Bulgular ve Sonug¢: A grubu &érneklerinin kirilma
kuvvetleri ortalama 963.75 MPa, B grubu &rnekle-
rinin kirilma kuvvetleri ortalama 1164 MPa olarak
belirlenmistir. [statistiksel acidan gruplar arasinda
fark olup olmadig: incelenmis ve birbirleriyle karsilas-
tinilmustir. Iki grup arasinda istatistiksel agcidan énemli
fark (p<0.05) bulunmustur.

Sonuc: Test sonuclar1 koloidal aluminanin binder
olarak kullaniminin daha iyi sonuclar verdigini gos-
termistir.

ANAHTAR KELIMELER

In-Ceram, Kolloidal Alumina, Uc nokta egilme testi
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INTRODUCTION

The word “ceramic” that we use extensively
today is derived from the word “keramos” in
Greek and means “earthen”. Ceramics are stru-
cturally modified inorganic materials used since
the most early periods of human civilization that
can be dated as early as 23 000 BC'2.

Although metal-ceramic restorations are wi-
dely used in dentistry owing to considering their
adequate strength and marginal fit properties,
some of their disadvantages especially the limi-
tations at cervical areas as a result of metallic
color problems and opaque appearance because
of thin porcelain layers, and also problems oc-
curring because of corrosion byproducts induced
the research and development of all ceramic res-
torations®®.

In-Ceram restorations gained widespread ac-
ceptance and use owing to their high biocom-
patibility, high physical strength, good esthetics
and marginal fit. At present, this material can
be used for anterior and posterior crowns and
anterior three unit bridge restorations’!!. Several
zirconium and yttrium based materials are deve-
loped to provide adequate strength to withstand
chewing forces occurring at posterior areas. The
main philosophy of further developing the phy-
sical strength of ceramic materials is generally
based on increasing the amount of high strength
ingredients like aluminum oxide, zirconium or
yttrium12-13-14-15'

Colloidal alumina (Boehmite: Al(OH)3A1203)
is a monohydrated form of alumina and have
a gelatinous appearance. The -OH groups in
its structure are forced to transformation to [-
AlI203 at 4500C and to o-Al203 at 12000C.
The most advantageous situation in this transfor-
mation is that the Boehmite will transform into
o~ AI203 with a loss of 15% by weight and will
be incorporated into the final ceramic!®.

Three point bending tests are suggested test
methods by ISO (1984) and ANSI/ADA (1992)
for the evaluation of ceramic based materials.
This method is simple and reliable and easy to

compare with the results of other studies. Howe-
ver, it must be noted that the values can greatly
differ due to superficial cracks and defects, cha-
racteristic of ceramic failures.

Andrea et al (1989) reported that colloidal
Boehmite gel is incorporated into the final por-
celain when it is used as binder for aluminum
oxide powder®.

The purpose of this study was to investigate
the three point bending strength of colloidal alu-
mina/inorganic binder matrix enriched In-Ce-
ram core material.

MATERIALS AND METHOD

Two groups, each consisting of ten samples
(A: Conventional In-Ceram; B: Modified binder-
In-Ceram) (VITA Zahnfabrik Bad Sackingen,
Germany) were fabricated in accordance with
the relevant ISO specification; while the fabrica-
tion of group A was conducted in the conventio-
nal manner, group B samples were fabricated by
using a powder including the experimental collo-
idal alumina / modified binder (Nyacol Products
PQ Corporation, Megunco, Ashland). Three po-
int bending test was applied on each group.

Silicone duplicates of test samples were pre-
pared in a brass jig (2,1x4,1x25 mm) that was
made for fabrication of standard samples. The
duplicates were positioned on a glass slab and
dental stone was poured and cast on.

Preparation of group A samples

In-Ceram powder and liquid was mixed ac-
cording to the manufacturer’'s recommendations.
38 g powder, 5 ml liquid and one drop of binder
was mixed in a glass mortar for 12 minutes. The
material was further mixed for 7 minutes in ultra-
sonic vibrator and poured in the stone mold.

Preparation of group B samples:

In-Ceram powder was mixed with colloidal
alumina (Nyacol AL-20, Nyacol Products, USA).
38 g In-Ceram powder, 5 ml colloidal alumina
and one drop of binder were mixed in a glass



mortar for 12 minutes. The material was further
mixed for 7 minutes in ultrasonic vibrator and
poured in the stone mold.

The samples were pre-heated for 6 hours in
the oven with the temperature rising gradually
from 20°C to 120°C. During this period the sto-
ne material loses its moisture and shrinks lea-
ding to a total separation from In-Ceram core.
Then the temperature was raised from 120°C
t01120°C with an increase of 10°C per minute,
and the material was baked for two hours at this
temperature. The core material was cooled to
400°C in the oven, then cooled down at room
temperature.

Glass infiltration was performed according to
the manufacturer’s recommendations; the samp-
les were subjected to 1100°C for 6 hours; then
the In-Ceram glass powder/water slurry was
applied on.

A special jig was prepared for three point

bending tests (Figure 1).

FIGURE 1

Three point bending test assembly
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Three-point bending test:

The rectangular bar was placed on support
18mm apart and the test was conducted at a
crosshead speed of 1mm/min by means of a
universal testing machine (Instron Modell1185,
Instron, USA). The load applied to the test spe-
cimen and the corresponding deflection were
measured until the specimen fractured. The th-
ree point bend stress were calculated by the fol-
lowing equations!”’.

Stress ¢ (MPa) _ SLE
2WT?
Where
L= distance between supports (mm);
F= load (N);
W= width of specimen bar (mm);
T= thickness of specimen bar (mm);

The fracture surfaces were observed with
SEM at x600, x800, x1200 and x2000 magni-

fications.

The data were analyzed with independent
samples t-tests using a standard statistical prog-
ram package (SPSS, Version Windows 6.0)

RESULTS

Descriptive statistics are summarized in Table
I. The mean fracture resistance for groups A and
B were 963.75 MPa and 1164 MPa, respectively
and the difference between two groups were sta-
tistically significant (t= -3,98),( p= 0,001).

SEM (Scanning Electron Microscope)
evaluation:

While there were microporosities in both
groups before glass infiltration, lesser porosities
were observed in colloidal alumina-binder group
Figure (2,3,4,5,6,7,8). No porosities were obser-
ved after glass infiltration at both groups. Figure
(9,10).

DISCUSSION

The aim of this study was to evaluate the effe-
cts of the use of colloidal alumina as a binder in
In-Ceram core on flexural strength of the core.



TABLE I

Descriptive statistics for test groups (MPa)

Std.Err. Std.Dev. Min. Max
25.2 79.6 779.85 1132.95
22 70 970.5 1324.5

Group A before glass infiltration (x800)

Group A before glass infiltration (x1200)

Group A before glass infiltration (x2000)

Group B before glass infiltration ( x600)
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FIGURE 7 FIGURE 10
Group B before glass infiltration ( x1200) Group B after glass infiltration ( x1200)

Various methods have been suggested to
test the strength of dental ceramics!'®!®, Torsion
testing®®?!, Vickers indentation tests??, bi-axial
flexural strength test, Diametrical compressive
strength test 2% etc. Several authors also sugges-
ted using porcelain restorations from the stan-
ding point of establishing a more realistic test
design®*.

The preference of a three-point bending
strength test design relies on the International
Standards Organisation (ISO, 1984) and Ame-
rican Dental Association’s suggestions pointing

FIGURE 8

Group B before glass infiltration ( x2000) out that this test design is reliable, appropriate
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and easy for testing the ceramic materials. With
this test design, the test values are easy to com-
pare; however, it must be noted that the results
can strongly be affected by the superficial fissu-
res, cracks or defects?425,

It has been reported that with In-Ceram core
porcelain crowns high flexural strength values
can be observed similar to metal-ceramic resto-
rations?®.

Castellani et al?’ investigated the diametral
flexural strengths of castable glass ceramic, Hi-
Ceram, In-Ceram and metal- ceramic restorati-
ons and reported mean values of 5,1 kg for cas-
table glass ceramic, 8,4 kg for Hi-Ceram, 22,3
kg for In-Ceram and 17 kg for metal- ceramic
restorations.

Grey et al?® reported the mean strength of,
916 N for alumina crowns, 1609 N for full cera-
mic restorations with 0,7mm In-Ceram core, and
1557 N for conventional metal-ceramic restora-
tions. Furthermore, they reported that most of
the In-Ceram cores remained intact while their
porcelain suprastructures were broken.

In another study?’, the mean three point ben-
ding values for most of full ceramic restoration
systems were respectively; Vitadur-N 90 Mpa,
Hi-Ceram 135 Mpa, Cerestore 145 MPa, Di-
cor 150 Mpa, Optec 175 MPa, IPS-Empres 200
MPa and In-Ceram 600 Mpa.

Giordano et al®® reported three point bending
values of 70 Mpa for feldspathic porcelain, 107
MPa for Dicor, and 236 Mpa for In-Ceram.

Probster et al'® reported three point bending
values of 35 MPa for Vitadur-N, 70 MPa for Di-
cor, 170 MPa Alumina core material, 420 MPa
for In-Ceram. They also concluded that by using
In-Ceram core material, ten times greater stren-
gth values than conventional dental ceramic
materials and four times greater strength values
than alumina core material can be achieved.

Claus®!, using 25x6x2 mm barshaped samp-
les, reported three point bending strengths of
130 N/mm? for Vitadur-N, 160 N/mm? for Hi-
Ceram, and 560 N/mm? for In-Ceram.

Bienek?® reported that the porcelain materi-
als can be classified in three groups according
to their compressive strengths: Near 100 MPa
(Cerec, Dicor, Duceram, IPS- Empress, Flexo-
Ceram, LFG, Mirage I ve I, Optec HSP, Vitadur
Alpha), near 150 MPa (Hi-Ceram, Syntho-Ce-
ram, Vitadur-N), and In-Ceram with 222 MPa
compressive strength.

The findings of these studies clearly show that
the In-Ceram core material have significantly
greater physical properties than other conventi-
onal or relatively recently developed ceramic ma-
terials. There are two basic theories explaining
the reinforcing potential of In-Ceram core mate-
rial through adequately distributing the alumina
crystals into a glass matrix?:

1. constant- strain theory
2. Limitation of microcrack propagation

It has been shown that as the microcrack
length reaches 25-125 um, instant decreases in
mechanical strength occur®?.

According to the constant strain theory, the
alumina crystals are formed as a result of the
stresses during the cooling process after the
glass infiltration related to their thermal expansi-
on coefficients. If the thermal expansion coeffi-
cient of the glass matrix is lower than that of the
alumina crystals, the elasticity and strength of
the resulting compound decreases®®. Thus, the
thermal expansion coefficients of alumina and
glass matrix must be similar in order to eliminate
sudden volumetric changes that could eventually
occur during the cooling process.

The limitation of microcrack propagation
theory has first been suggested in 1966 by
Haselman and Fulrath. The glass and alumina
matrices having similar thermal expension coef-
ficients are thought to have a limiting effect on
the dimensions of Griffith’s flaws. In other words,
the crack length is determined by the dimensi-
ons of the inter-alumina particle matrice.

Also in aluminous ceramics, the density of the
compound significantly affects its strength-3%.



One of the physical properties that colloidal
alumina brings to alumina particles is the fluidity
that can allow the mixture to be used in injection
molding process.

Injection-molding, is a process allowing the
adequate fabrication of complex geometrical
structures®>3°,

The distribution of particles is affected by the
porcelain particle-binder adhesion. The main
binding force is hydrogen bonds provided by
Lewis’s acid-base reactions or covalent bonds,
as the binding by Van der Waals forces is weak®’.
Generally a surface active agent (Dispersant) is
used to detect the bond between the powder and
binder®¥-3%-40, In this study, colloidal alumina con-
tained nitric acid as surface active agent.

Pinwil et al®, investigated the effects of the
atmosphere, time-temperature changes and the
thicknesses of the models on the evaporation
process of binders.

The materials and methods used in this study
allows to provide a high Al,O, content possibly
explaining higher three point bending strength
compared with the conventional In-Ceram met-
hod. Furthermore, the SEM evaluation revealed
fewer porosities at the surface of the specimens
prepared with colloidal alumina as binder.

Further in-vitro and in-vivo studies are nee-
ded to establish a good knowledge of the use of
this trial method in fixed partial restorations with
three or more units. This method could also be
used with injection molding system in core pre-
paration for fixed partial restorations.

CONCLUSION

Higher three point bending strength values
were obtained with the group, in which colloidal
alumina is used as binder. Also fewer micropo-
rosities were observed in the colloidal alumina
core group.

Within the limitations of this study, the use of
colloidal alumina as binder seems to be promi-
sing in achieving better flexural strength in fixed
partial restorations with In-Ceram system.
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