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SUMMARY
This study investigated the effect of two base
materials with different elastic moduli (F2000
and Vitrebond) on the fracture load of machin-
able ceramic inlays. Standardized MOD cavities
were prepared in 18 human maxillary first or
second premolars. The teeth were randomly
assigned to three groups of six premolars each;

Group 1 (control: no base); Group 2 (base with a
polyacid-modified resin composite: F2000);
Group 3 (base with a resin-modified glass-
ionomer cement: Vitrebond). The inlays were fab-
ricated from Vitablocs Mark II using a Cerec II
machine. After the inlays were cemented with
Tetric Ceram and the Syntac adhesive system,
using the Ultrasonic Insertion Technique (USI),
they were stored in distilled water at 37°C for 24
hours prior to fracture testing in a universal
testing machine using a crosshead speed of 0.5
mm/minute. The static transverse elastic moduli
of base materials were measured using a three-
point bending test. The mean fracture loads and
standard deviations of the Cerec inlays in Groups
1, 2 and 3 were 1.15 ± 0.39 KN, 1.13 ± 0.36 KN and
0.58 ± 0.11 KN, respectively. Statistical analysis
showed that the mean fracture load of Group 3
was significantly lower than that of Groups 1 and
2 (p<.05). There was no significant difference in
fracture load between Groups 1 and 2. The means
and standard deviations of the elastic moduli of
F2000 and Vitrebond were 15.63 ± 0.32 and 2.16 ±
0.55 GPa, respectively. The results indicated that
the fracture load increased significantly as the
elastic modulus of a base material increased.
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INTRODUCTION
During the past decade, the use of all-ceramic restora-
tions has expanded due to improvements in dental
adhesives and resin cements, which consequently
result in the improvement of fracture resistance of
dental ceramics. However, fracture is still one of the
most common reasons for ceramic inlay/onlay failure.
Factors that may lead to ceramic inlay fractures
include inadequate thickness, improper cavity design,
deep fissures in the restorations, defects such as pores
and cracks in ceramic restorations and the resiliency of
subinlay materials (Bergman, 1999; Mörmann &
Krejci, 1992; Martin & Jedynakiewicz, 1999; Milleding,
Örtengren & Karlsson, 1995).

For all-ceramic crowns, their fracture resistance has
been proven to be significantly influenced by the elastic
moduli of the core materials. Increasing the elastic
modulus of the supporting core structure has been sug-
gested as a way to increase the fracture resistance of
all-ceramic posterior crowns (Scherrer & de Rijk, 1993;
Lee & Wilson, 2000). However, a number of materials
with different elastic moduli are recommended for use
as a base under ceramic inlays. These include conven-
tional glass-ionomer cements (Milleding & others,
1995; Christensen, 1998; Dietschi, Magne & Holz,
1994), resin-modified glass-ionomer cements
(Thordrup, Isidor & Hörsted-Bindslev, 1994; Dietschi &
others, 1994), polyacid-modified resin composites
(Cossu & others, 1997) and resin composites (Dietschi
& others, 1994; Cossu & others, 1997; Moscovich & oth-
ers, 1998). To prevent fracture of a ceramic restoration,
some weak materials, such as calcium hydroxide or tra-
ditional type III glass-ionomer cements, should not be
used as a base/liner (Cossu & others, 1997). However,
to date, no studies regarding the effect of elastic moduli
of base materials on fracture resistance of ceramic
inlays/onlays have been published.

This study evaluated the effect of two base materials,
a polyacid-modified resin composite and a resin-modi-
fied glass-ionomer cement, each with a different elastic
modulus, on the fracture load of Class II ceramic inlays
luted with a resin composite.

METHODS AND MATERIALS
Table 1 lists the base materials used in this study.
Eighteen freshly extracted non-carious intact human
permanent maxillary premolars were collected and
stored in 0.1% thymol solution. After cleaning, the tooth
dimensions were determined in a bucco-lingual width
(across the height of contour), a mesio-distal width
(along the central groove) and an occluso-gingival
height (from the marginal ridge to the cementoenamel
junction) with a micrometer (Absolute digimatic,
Mitutoyo Co, Kanagawa, Tokyo, Japan). The roots of
each tooth were embedded in plastic tubes filled with
acrylic resin (Formatray, Kerr, Orange, CA, USA) to a
level approximately 2 mm below the cementoenamel
junction. The long axis of the tooth was perpendicular
to the horizontal plane. The mounted teeth were then
kept in distilled water at room temperature before com-
mencement of the experiment.

A Class II MOD cavity was prepared on each tooth
using a taper diamond bur (Inlay set No 8113R,
Intensive SA, Swiss Dental Products, Lugano-Grancia,
Switzerland), with a 3° angle of inclination. A high-
speed handpiece was attached to the modified surveyor.
With this paralleling device, the long axis of the dia-
mond bur was positioned parallel to the long axis of the
tooth. Water spray was used during the preparation
procedure. Following 10 preparations, a new bur was
used.

The cavity dimensions are shown in Figure 1. The
cavity depth, 1.5 ± 0.1 mm, was measured from the

Material Type Composition                         Manufacturer             Lot #
Paste: FAS Glass, Carboxylate

dimethacrylate
Glyceral dimethacrylate
Poly (vinyl pyrrolidone)

F2000 Polyacid-modified resin Camphorquinone

composite Clicker: 3M ESPE 20010122
Side A: Vitrebond copolymer St Paul, MN,

Hydroxyethyl methacrylate USA
Water, Ethanol
Photoinitiators

Side B: Water, Maleic acid

Powder: fluoroaluminosilicate glass
Camphorquinone

Vitrebond Resin-modified glass- Liquid: acrylic-itaconic acid 3M ESPE 20010221
ionomer cement copolymer with pendent St Paul, MN,

methacrylate groups, USA
2 HEMA, water
photo-activator

Table 1: Base Materials Used in This Study
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deepest point of the main fissure to the level of the
pulpal wall. The bucco-lingual width, the width of the
gingival wall and the height of the axial wall were 3.0 ±
0.1, 1.2 ± 0.1 and 2.0 ± 0.1 mm, respectively. All internal
line angles and point angles were rounded. All cavity
margins were placed within enamel without bevel. The
preparation was finished with a fine diamond bur

(Inlay set No 3113R, Intensive
SA, Swiss Dental Products), an
enamel hatchet (Hu-Friedy,
Chicago, IL, USA) and an alu-
minum oxide abrasive flexible
disc (Sof-Lex XT disc, 3M ESPE,
St Paul, MN, USA).

The 18 prepared teeth were ran-
domly assigned to three groups. A
Kolmogorov-Smirnov test was
used to verify whether a normal
distribution of tooth dimensions
existed in each group. The homo-
geneity of variance was deter-
mined using Levene’s test. One-
way ANOVA revealed that no sta-
tistically significant difference in
tooth dimensions was found
among the three experimental
groups (p>.05) (Table 2).

In Group 1 (control), the pre-
pared cavities were filled with a
temporary material (Fermit N,
Ivoclar-Vivadent, Schaan,
Liechtenstein). In Groups 2 and 3,
a silicone matrix fabricated from
a putty-type addition-reaction sil-
icone was used to replicate the
original shape of the cavity. This
matrix was used as a guide to
facilitate base placement to the

original shape. The pulpal wall was then reduced an
additional 1.0 mm and replaced with either F2000 in
Group 2 or Vitrebond in Group 3 to a thickness of 1 mm
using the matrix. After curing, the excess base mate-
rials were removed with a fine diamond bur (Inlay set
No 3113R) and an enamel hatchet. The prepared cavi-
ties were also filled with a temporary material. The
teeth were stored in a closed chamber at 100% humidity
and ambient temperature for 14 days.

The fabrication of ceramic inlays was performed using
the machinable ceramics Vitablocs Mark II (Vita
Zahnfabrik, Bad Säckingen, Germany, size I8, shade
A2) and the Cerec II system (Siemens, Munich,
Germany). After the temporary filling was removed, the
cavity was cleaned with a slurry of pumice and polishing
brush, rinsed with water spray and dried with oil-free
air. The 1.5 mm inlay thickness was controlled from the
projection and cross-section windows in the fissure line
step. After fabrication, the inlays were examined for
any cracks or fracture lines under a surgical microscope
at 2.5x magnification (Microscope S21, Zeiss,
Germany). Adjustment was performed using a fine dia-
mond bur under water spray until the restorations
were fully seated into the cavities. Before cementation,
the interfacial gap widths of each specimen were

Figure 1: Diagram illustrating the dimensions of a prepared MOD cavity.

Treatment Group Mean ± SD
BL MD OG

Group 1 (Control) 10.09 ± 0.48a 7.32 ± 0.24b 5.33 ± 0.22c

Group 2 (F 2000) 9.50 ± 0.44a 7.08 ± 0.32b 5.28 ± 0.47c

Group 3 (Vitrebond) 9.80 ± 0.40a 7.08 ± 0.24b 5.00 ± 0.32c

Same superscripts in the same column indicate no significant difference (p>.05)

Table 2: The Tooth Size (mm) Determined in Bucco-lingual (BL), Mesio-distal (MD) and
Occluso-gingival (OG) Direction

Figure 2: Diagram of a replica for measuring the internal gap widths made
from addition-reaction silicone. A-E refers to the selected points used for
measurement of the internal gap widths. X = gingival wall   Y = pulpal wall
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determined by the multiple sectioning technique. A
replica of the internal gap was made by coating the cavity
surfaces with a thin layer of light-bodied addition-reac-
tion silicone (Provil, Bayer, Leverkusen, Germany). The
inlay was then delivered into the cavity, and the stan-
dard load (1.877 Kg) was applied until the impression
material set. After removal of the inlays, the putty type
of the same material (Provil) was placed onto the light-
bodied film dressing the cavity. The replica was sec-
tioned with a scalpel blade in a mesio-distal direction
and measured at five points as shown in Figure 2.

For a replica of the marginal gap, the light-bodied
addition-reaction silicone of a different color (Silagum,
DMG chemisch Pharmaeutihe Fabrik GmbH,
Hamburg, Germany) was used in the second layer in
lieu of a putty-type silicone to prevent distortion of the
first layer light-bodied silicone at the margin. The
replica was sectioned and measured at 12 points (6
occlusal points, 6 proximal points) as shown in Figure
3A-3C.

Measurement of the gap widths was examined using
a measuring microscope (Nikon, Tokyo, Japan) at 30x
magnification. The data at each location were analyzed
using one-way ANOVA at α=.05.

After determining the interfacial gap width, the
Cerec inlays were then cemented with Syntac adhesive
(Vivadent), Monobond-S (Vivadent) and Tetric Ceram
(Vivadent) according to the manufacturer’s instruc-
tions via the ultrasonic insertion technique. The inlays
were pressed under a loading device (1.877 Kg) while
light curing the resin composite. Before each curing,
the intensity of light was calibrated with an Optilux
Radiometer (Kerr) to ensure a constant value of at
least 400 mW/cm2 (580 mW/cm2 in this study) of light
intensity. Polymerization was activated for 40 seconds
on each side (occlusal, mesial, distal, buccal and lin-
gual). The cemented restoration was finished and pol-
ished with fine diamond burs (50, 15 µm Komet,
Horico, Berlin, Germany), rubber polishers
(Ceramiste, Shofu, Kyoto, Japan) and aluminum oxide
abrasive flexible discs.

All test specimens were stored in distilled water at
37°C for 24 hours prior to testing. A stainless steel rod
3.1 mm in length and 1.1 mm in diameter was used to
apply compression force along the central groove of the
occlusal surface of the inlay. Each specimen was
secured in a special device to prevent any movements
during compression. The specimen was loaded to frac-
ture with a universal testing machine (Instron 5566H
1612, Buckinghamshire, England) using a 0.5
mm/minute crosshead speed. The failure load in
Newtons was obtained when the first discontinuity of
the load-displacement curve appeared as a result of an
early crack or catastrophic failure. The maximum load
before failure was also recorded. The fracture load

183Banditmahakun & Others: Effect of Base Materials on the Fracture Loads of Machinable Ceramic Inlays

Figure 3: Diagram of the six occlusal (F-K) and the six proximal marginal gap
points (L-N, O-Q) selected for determination of the marginal gaps.

A. Occlusal view
B. Proximal view
C. Replica in the cavity
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data were analyzed using one-way ANOVA and
Tamhane test at the .05 significance level.

The transverse elastic modulus of each base material
was determined using the three-point flexure method.
Five specimens (rectangular beams 2 mm x 2 mm in
cross section and 25 mm long) of each material were
prepared according to ISO/FDIS 4049:2000 and were
stored in distilled water at 37 ± 1°C for 24 hours. The
elastic modulus (Eb) was calculated from:

where P is the load on the load-deflection curve, y is the
deflection of the beam at load P1 measured using a
strain gage, L is the length of support, b=width and
d=thickness of a specimen. The data were analyzed
using t-test at α=.05.

RESULTS
Fracture Loads

The mean fracture loads and standard deviations of the
Cerec inlays were 1.15 ± 0.39 KN in Group 1 (control),
1.13 ± 0.36 KN in Group 2 (F2000) and 0.58 ± 0.11 KN
in Group 3 (Vitrebond). The results are presented in
Table 3. Statistical analysis showed that fracture of the
inlays supported by Vitrebond occurred at a signifi-
cantly lower load than those supported by either F2000
or dentin (p<.05).

Elastic Moduli

The flexural modulus of F2000 (15.63 ± 0.32 GPa) was
significantly higher than that of Vitrebond (2.16 ± 0.55
GPa) (p<.05) (Table 4).

Gap Widths

Table 5 shows gap dimensions between the internal
surfaces of the inlays and the cavity walls measured
from the walls depicted in Figures 2 and 3. The statis-
tical analysis showed that there was no statistically
significant difference (p>.05) in the values obtained
among the groups.

DISCUSSION
A meaningful laboratory fracture test should be deter-
mined by performing carefully designed laboratory

experiments that replicate clinical conditions as close
as possible. The dimensions and shape of specimens
used in the study should be similar to those used clin-
ically (Kelly, 1999). In this study, the inlays were fab-
ricated and bonded to the extracted human teeth to
mimic clinical conditions. Additionally, the size of the
extracted teeth and the cavity dimensions in each
experimental group were controlled. Standardization
of the cavity was achieved by using a paralleling
device. This method could reduce operator errors and
control occlusal divergence of the cavity.

Prefabricated ceramic blocks were used in this study,
because they were processed by the manufacturers.
The absence of voids or condensation defects in the
machinable ceramic guarantees that the mechanical
and physiochemical properties of the restorations are
homogeneous throughout the piece. Therefore, con-
founding factors from crack initiation, due to small
structural flaws such as voids, pores and cracks, which
act as stress concentrators reducing ceramic strength,
can be minimized (Jones, Jones & Wilson, 1972; Jones
& Wilson, 1975). Although the milling process may
lead to some flaws in inlays, the resin luting agent
reduces the fracture incidence of restorations
(Rosenstiel & others, 1993). Using machinable ceram-
ic and a Cerec machine helped to maintain uniformity
of the restorations in this study.

The marginal and internal gap widths of the Cerec
inlays measured in this study (103.4 µm and 244.5 µm,
respectively) were in the range reported by several

Gap Width Measurement Treatment Groups
Point

Group 1 Group 2 Group 3 Mean
(Control) (F2000) (Vitrebond)

Internal gap width A-E (Figure 2) 239.4 ± 98.8a 242.6 ± 77.2a 251.4 ± 107.5a 244.5 ± 94.9

Marginal gap width F-Q (Figure 3) 100.9 ± 81.1b 101.5 ± 73.6b 108.0 ± 92.7b 103.4 ± 82.7

Same superscripts along the same row indicate no significant difference (p>.05)

Table 5: Means and Standard Deviations of the Pooled Internal and Marginal Gap Widths (µm)

1 P1 L
3

Eb = and I = bd3/12
48    y

1
I

Fracture Load (KN)
Group Mean ± SD

Group 1 (Control) 1.15 ± 0.39a

Group 2 (F2000) 1.13 ± 0.36a

Group 3 (Vitrebond) 0.58 ± 0.11b

Different superscripts indicate significant difference (p<.05).

Table 3: Mean and Standard Deviation of Fracture Load

Material Mean ± SD (GPa)
F2000 15.63 ± 0.32a

Vitrebond 2.16 ± 0.55b

Different superscripts indicate significant difference (p<.05).

Table 4: The Flexural Moduli of F 2000 and Vitrebond
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other authors (Mörmann & Schug, 1997; Sturdevant,
Bayne & Heymann, 1999; Denissen & others, 2000;
Martin & Jedynakiewicz, 2000). This space must be
occupied by a luting agent. Besek and others (1995) and
Schmalz, Federlin and Reich (1995) suggested that
light-cured resin composites should be used for the
cementation of Cerec inlays, because the average mar-
ginal gap width of these inlays was more than 100 µm.
Besek and others (1995) has shown that resin compos-
ites used as luting agents underneath Cerec inlays fab-
ricated with Vitablocs Mark II can be adequately poly-
merized. As a result, a resin composite, Tetric Ceram,
was used as a luting agent in this study.

Cement film thickness had some effects on the frac-
ture load of ceramics. Scherrer and others (1994) found
that the strength of all-ceramic restorations decreased
significantly when cement film thickness exceeded 300
µm. However, below 300 µm, cement film thickness had
negligible effects on their fracture resistance. The resin
composite luting cement used in this study should not
affect the fracture load of Cerec inlays, because gap
widths were less than 300 µm.

The inlays supported by dentin and F2000 failed cat-
astrophically; whereas those supported by Vitrebond
had a non-linear load-displacement curve. This indi-
cated that plastic deformation occurred in the latter
group before failure occurred. Failure of ceramic
restorations usually results from tensile stresses,
because ceramic has a tensile strength much lower
than its compressive strength (van Noort, 2002).
Occlusal loading causes flexural deformation of the
restoration, resulting in tensile stresses occurring on
the internal surface, which is the origin of the fracture.
With rigid support, flexion of the restoration and, there-
fore, plastic deformation, is reduced. The use of base
materials with sufficiently high elastic moduli, for
example F2000, can provide sufficient support to reduce
tensile stress on the internal surface of ceramic inlays.
This also gives rise to high resistance to occlusal load of
the restoration. On the other hand, the use of base
materials with low elastic moduli, for example,
Vitrebond, allows for deflection of the restorations
above them, thus producing a large amount of tensile
stresses in the restoration, which leads to restoration
fracture.

The transverse elastic modulus is a measure of the
stiffness or resistance to deflection of a given material.
A material with a higher elastic modulus can resist
deformation from a given load better than one with a
lower elastic modulus. In this study, the flexural moduli
of F2000 and Vitrebond were 15.63 ± 0.32 GPa and 2.16
± 0.55 GPa, respectively. These values were close to
those reported in previous studies. The static and
dynamic elastic moduli of F2000 were 11.3 GPa and
21.0-22.35 GPa (Sabbagh, Vreven & Leloup, 2002;
Labella & others, 1999). The static elastic modulus of

Vitrebond was 1.1 GPa (Tam, McComb & Pulver, 1991).
Dentin has an elastic modulus in the range of 11-19.3
GPa (Renson & Braden, 1975; Bowen & Rodriguez,
1962; Sano & others, 1994; Lehman, 1967; Xu & others,
1998), which is similar to F2000. This might explain
why the restorations supported by dentin and F2000
behaved similarly.

Scherrer and de Rijk (1993) reported the effect of the
elastic modulus of supporting structure on the fracture
load of all-ceramic crowns. They showed that fracture
load increased when the elastic modulus of a core mate-
rial or the supporting structure increased. Lee and
Wilson (2000) also found the effect of different elastic
moduli of cores on the fracture resistance of aluminous
porcelain jacket crowns. They recommended that high
elastic modulus materials be used for the core build-up
of all-ceramic crowns. Farah, Hood and Craig (1975)
reported that a base material should have a modulus of
elasticity as high as possible to support a restoration
from intermittent forces during mastication. Mean biting
forces on premolars and molars were approximately
300 N and 400-800 N, respectively (Kohn, 2002) but six
times greater in bruxer-clenchers (Gibbs & others,
1986). In this study, the inlays supported with a 1-mm
layer of F2000 and Vitrebond could withstand loads up
to 1,125 N and 576 N, respectively, before failure. These
values are much higher than mean biting forces.
However, clinically, the fracture loads of ceramic inlays
have been found to be much lower than these values.

In this study, dry condition was performed instead of
low cyclic intermittent loads under wet condition, in a
similar fashion to what occurred in the clinical situa-
tion. Accumulation of microstructural damage during
mastication may induce a catastrophic failure. With
cyclic loading, these cracks fuse and become a growing
fissure that insidiously weakens the restoration
(Wiskott, Nicholls & Belser, 1995). This fatigue failure
occurs in all-ceramic restorations and leads to clinical
failure (Peterson & others, 1998). Under dry conditions,
only low cyclic loads could produce no damage from
accumulating at the cementing interface, and cyclic
loads, alone, could not induce ceramic failures (Kelly,
1999). In contrast to wet conditions, water has been
shown to affect the strength of ceramics (Fairhurst &
others, 1993; Myers & others, 1994a,b; Kelly & others,
1998). Also, residual stresses under cyclic loading and
the corrosive nature of oral fluids have possibly pro-
duced crack growth (Anusavice & Lee, 1989; Morena &
others, 1986; Sherrill & O’Brien, 1974) and consequently
decreased fracture resistance of the ceramics. This
might be responsible for higher failure loads in this
study, compared to those obtained clinically.

From the results of this study, the elastic moduli of
base materials are suggested to have a significant influ-
ence on the fracture load of Cerec inlays. Therefore, this
property must be considered when a base material is
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selected. Nevertheless, the fracture loads obtained from
this study might not be directly clinically interpreted as
the survival rate of the Cerec inlay, because only one of
the variables contributing to inlay fracture was evalu-
ated. Therefore, long-term clinical trials are necessary
for a definitive conclusion.

CONCLUSIONS
Within the limitations of this study, it may be conclud-
ed that the fracture resistance of Cerec MOD inlays
with dentin support or with foundation materials, such
as F2000, which had high elastic moduli, was greater
than that of inlays with less rigid support, such as
Vitrebond.

(Received 4 January 2005)
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