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Abstract: OBJECTIVE: This study aimed to evaluate and compare the mechanical properties of five
commercial core materials using fracture toughness (FT), Knoop hardness number (KHN), diametral
tensile strength (DTS), and dynamic elastic moduli (DEM). METHODS: Composite material specimens were produced (Rock Core, CosmeCore, ParaCore, MultiCore Flow, and Filtek Supreme Plus).
The FT test (n = 15) was performed using notchless triangular prism (NTP) specimens. FT was determined using an Instron testing machine. KHN (n = 3) was evaluated using three indentations applied
on each specimen. DTS test (n = 15) was measured using an Instron testing machine. The density of the
specimens (n = 3) was determined by water displacement method. Dynamic Young’s, shear moduli, and
Poisson’s ratio (n = 3) were measured by an ultrasonic method. Statistical analysis was conducted using
ANOVA and a Tukey B rank order test (P = 0.05). RESULTS: Rock Core presented the lowest FT values.
Filtek Supreme Plus and CosmeCore exhibited significantly higher KHN values than the rest of the
materials. CosmeCore had the highest DTS value, which was statistically significant only compared to
Rock Core. For DEM, Filtek Supreme Plus exhibited significantly higher Young’s and shear moduli than
the rest of the materials (P < 0.05). CONCLUSIONS: Results demonstrated significant differences in the
FT, KHN, and DTS values of the core build-up materials tested. According to the elastic behavior of the
core composite materials, Rock Core had the lowest Young’s values.

T

eeth receiving endodontic treatment are usually
severely compromised by decay, previous restorations, or excessive wear; as a result, a significant loss
of coronal tooth structure is often observed.1 Core
build-up materials can be used to repair the damaged
tooth structure prior to crown preparation and stabilize weakened
parts of the tooth; as such, they are a key part of the preparation for
an indirect restoration consisting of restorative material. Although
the long-term clinical success of an indirect restoration is mostly
dependent on the amount of remaining tooth structure (which is
responsible for the adequate ferrule effect), the core build-up material plays an important role as well. An ideal core build-up material
must present excellent mechanical properties in order to resist the
stresses that may be produced during function, providing equitable
stress distributions of forces and reducing the probability of tensile
and compressive failures.
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Amalgam, composite resin, and glass-ionomer materials have
typically been used as core build-up materials. While these materials were not specifically developed for this purpose, they have found
application in core build-up procedures as a consequence of their
properties. More recent formulations have incorporated different
combinations of materials,2 therefore flow composite core build-up
materials have been introduced.3 There are, however, concerns that
the mechanical properties of these materials, which incorporate
less filler content, could be decreased to allow flowability4 since
fillers have been reported to improve the mechanical properties of
bis-GMA-based dental resin.5,6 This suggests that flowable materials with less filler content might be mechanically weaker than their
more filled counterparts.7
The specific purpose of this study was to evaluate the mechanical
properties of five different commercial resin composite core materials using fracture toughness (FT), Knoop hardness number (KHN),
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and diametral tensile strength (DTS), to experimentally measure
Young’s moduli, and to calculate specific gravity, Poisson’s ratio,
and shear modulus. The null hypotheses tested were: 1) that there
were no differences among the FT, KHN, and DTS of the studied
materials; and 2) that there were no differences among the elastic
moduli of the materials.

Materials and Methods

Mechanical properties of five resin composite core materials were
evaluated in this study—one developed for use as a direct restorative
material (control group) and four developed specifically to be used
as core build-up materials. Composite core materials, composition,
batch numbers, and manufacturers of the products are presented
in Table 1.

Fracture Toughness

Fracture toughness is an intrinsic property of a material and is
a measure of the energy required to propagate a crack from an
existing defect.
For this study, notchless triangular prism (NTP) specimens (6
mm x 6 mm x 6 mm x 12 mm) were made from each core material
(n = 15). Each side of the sample was light-cured for 30 seconds,

then all samples were polymerized in a visible light-polymerizing
(VLP) chamber for 5 minutes. The samples were stored in distilled
water at 37ºC for 7 days prior to testing. NTP fracture toughness
was determined in a universal testing machine (Instron Model
3345, Instron Corp., www.instron.com).
Each sample was scorched at the location of tensile forces in
order to create a defect. Force was applied until failure of the specimen occurred. The relationships that were used to calculate the FT
(KIC) were proposed by Barker8 and adopted by ASTM standard
E1304. The equation is as follows:

Pmax
KIC = -------------- Y*min
D √W

where Pmax = the maximum load at fracture, D = the specimen diameter, W = the specimen length, and Y*min = the minimum of the
dimensionless stress intensity factor coefficient (= 28).9

Knoop Hardness

The mechanical properties of resin materials depend on the polymer structure and degree of monomer conversion, which are strictly
related to effective polymerization. Knoop hardness assessment

table 1

Composite Core Materials Used in Current Study

(including material composition according to manufacturer, batch numbers, and product manufacturers)
Core Material

Resin & Filler

size

~vol%

~Wt%

Batch #

mfg.

Filtek™
Supreme Plus
(nanofilled)
(control group)

UDMA, TEGDMA,
BIS-EMA, inorganic fillers
(silica nanofillers, zirconia/
silica nanoclusters)

0.6 μm to 1.4 μm
(cluster); 5 nm to
20 nm (particle);
20 nm (silica)

60%

79%

7BF

3M ESPE,
Seefeld,
Germany

ParaCore®,
Dentin

methacrylates, barium
glass, silica

0.1 μm to 5 μm

52%

74%

0118686

Coltène
Whaledent
Group,
Mahwah,
NJ, USA

MultiCore® Flow

dimethacrylates, inorganic
fillers (barium glass,
Ba-Al-fluorosilicate glass,
silicon dioxide, and
ytterbium trifluoride)

0.04 μm to 25 μm

46%

70%

J05818

Ivoclar
Vivadent
Inc., Schaan,
Leichtenstein

Rock Core™

Bis-GMA, barium glass, silica

0.002 μm to 40 μm

47%

72%

8853

Danville
Materials, San
Ramon, CA,
USA

CosmeCore™

diurethane, dimethacrylate,
Bis-GMA, barium aluminum
boron silicate glass,
dibenzoyl peroxide, silica
fume (as dust)

0.01 µm to 5 µm

49%

70%

053603

Cosmedent,
Inc., Chicago,
IL, USA

Bis-GMA = bisphenol-A-glycidyldimethacrylate; UDMA = urethane dimethacrylate; TEGDMA = triethylene glycol dimethacrylate; BIS-EMA = bisphenol-A-diglycidylmethacrylate
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helps to predict the clinical performance of resin restorative materials and is related to a material’s stiffness.
The specimens of each core material were obtained using the
same method of producing the NTP specimens and sliced in 2 mm
(6 mm x 6 mm x 6 mm x 2 mm) (n = 3). The specimens’ surfaces
were polished under water cooling. The samples were then stored in
distilled water at 37ºC for 7 days prior to testing. A Knoop hardness
test (Digital Hardness Testing Machine, Buehler, www.buehler.
com) of each specimen was performed. Three indentations were
obtained for each specimen.

Diametral Tensile Strength

The determination of tensile strength by the direct application of
tensile load is suspect given that external stresses are generated by
gripping the samples during testing, with the effect that the results
may incorporate unacceptable errors. Brittle materials such as glassionomer cements and amalgam are liable to fracture at the gripped
ends of the specimen. One way to overcome this problem is to use
samples of dumb-bell shape and a diametral compression test.
Eighty disc specimens (6 mm x 3 mm) were made from the core
materials (n = 15), according to American Dental Association (ADA)
specification No. 27,10 and stored in distilled water at 37ºC for 7
days prior to testing. The DTS test was conducted in a universal
testing machine. DTS values were calculated according to the following formula11,12:

2P
DTS σx = --------πdt

M1
SG = ---------------(M1-M2)
(1 + ν)(1-2ν)
E = -------------------- (pC2L)
(1 - ν)
G = pC2S
1/2(CL/CS)2 - 1
ν = -------------------------(CL/CS)2 - 1

where P = load, d = diameter, and t = thickness.

Dynamic Elastic Moduli

Elastic modulus describes the relative stiffness of the material
within the elastic range. Natural hard tissues have a range of intrinsic stiffness or modulus values, and the addition of restorative
materials of different moduli can affect the overall stiffness of the
restored tooth and the interfacial stresses that are generated. The

0.6

clinical outcome will be related to the matching of moduli values,
and if the modulus mismatch is too great, interfacial stress may
result from either thermal, mechanical, or shrinkage strain in the
material. Therefore, core build-up material should have high elastic
modulus similar to that of tooth structure (dentin) to withstand
the forces of mastication and polymerization shrinkage stresses.
Consequently, the determination of elastic modulus is valuable in
the evaluation of core build-up restorative materials.
The density of the specimens of all core material (n = 3)
was determined by water displacement method. The specific
gravity,13 dynamic Young’s, shear moduli, and Poisson’s ratio
(n = 3) were determined by an ultrasonic method. 14 The elastic
moduli values were calculated for each specimen using the
following formulas:

where SG = specific gravity, M1 = mass of specimen weighed in air,
M2 = mass of specimen weighed in water, ν = Poisson’s ratio, p =
density of specimens (kg/m3), CL = velocity of longitudinal wave
across specimen (m/s), CS = velocity of shear wave across specimen (m/s), E = dynamic Young’s modulus (GPa), and G = dynamic
shear modulus (GPa).
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Vertical line connects those values that are not significantly different at P = 0.05

Fig 1. Comparison of fracture toughness of five commercial composite
materials.
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Fig 2. Comparison of Knoop hardness of five commercial composite
materials.
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Statistical Method

The results were analyzed and compared using one-way ANOVA
and Tukey B rank order test at the significance level of 0.05.

Results

Fracture Toughness

The fracture toughness is presented in Figure 1. Fracture toughness
of the core materials ranged from 0.89 to 1.69 MPa m1/2.

Knoop Hardness

The KHN of Filtek™ Supreme Plus (3M ESPE, www.3MESPE.
com) and CosmeCore™ (Cosmedent, Inc., www.cosmedent.com)
showed similar values, 69.87 (2.73) and 63.34 (1.18), respectively,
and significantly higher than the other groups. KHN values of MultiCore® Flow (Ivoclar Vivadent Inc., www.ivoclarvivadent.com),
ParaCore® (Coltène Whaledent Group, www.coltene.com), and
Rock Core™ (Danville Materials, www.danvillematerials.com) were
46.74 (2.15), 47.25 (3.18), and 47.56 (2.18), respectively (Figure 2).

Diametral Tensile Strength

The highest values for DTS were observed for CosmeCore, 44.00
(1.22) MPa; Filtek Supreme Plus, 40.50 (1.98) MPa; ParaCore, 41.07
(0.68) MPa; and MultiCore Flow, 41.07 (1.09) MPa. Rock Core
exhibited a significantly lower value (38.62 ± 1.22 MPa) compared
to CosmeCore (Figure 3).

Dynamic Elastic Moduli

Specific gravity, Poisson’s ratio, shear moduli, and dynamic Young’s
are presented in Figure 4, Figure 5, Figure 6, and Figure 7, respectively. The specific gravity, Poisson’s ratio, shear moduli, and dynamic Young’s ranged from 1.84 to 2.04 GPa, 0.204 to 0.309 GPa,
5.59 to 9.38 GPa, and 14.44 to 22.64 GPa, respectively.

Discussion

Several studies have been undertaken to measure mechanical properties of direct core build-up materials that included: fracture toughness,6-8,15 diametral tensile strength,11,12 elastic modulus,13,14 and shear
bond strength.1 Mechanical properties are considered to be a critical
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Vertical lines connect those values that are not significantly different at P = 0.05

Fig 3. Comparison of diametral tensile strength of five commercial
composite materials.
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indicator of success for restorative materials, because materials are
expected to resist masticatory and parafunctional forces.
The mechanical properties of a core material and its clinical
performance is affected by many variables. This study evaluated
some of these properties, including fracture toughness (FT), Knoop
hardness number (KHN), diametral tensile strength (DTS), and
dynamic elastic modulus (DEM), in five resin composite materials.
The first null hypothesis was not validated since there were differences among the FT, KHN, and DTS of the studied materials. The
second hypothesis was partially accepted, in that no difference was
observed for only the specific gravity and Poisson’s ratio among the
composite materials, and difference was observed for the dynamic
Young’s and shear moduli.
Regarding the FT, the notchless triangular prism (NTP)
specimen fracture toughness test was used in this study. This
technique was introduced by Ruse et al15 and then developed
by other researchers.8,14,16 The FT results found in this study
are in agreement with the study by Dong and Ruse,17 which used
the same method and in which FT of different nanofilled resin
composites ranged from 1.08 to 1.47 MPa m1/2; the FT value was
1.08 MPa m1/2 for Filtek Supreme Plus.18 In addition, Watanabe
et al6 evaluated FT of six resin composites, and FT values ranged
from 0.55 MPa m1/2 to 1.36 MPa m1/2; Filtek Supreme Plus exhibited 1.30 MPa m1/2. Both Filtek Supreme Plus FT values were
lower than in the present study (1.53 MPa m1/2) in which Filtek
Supreme Plus was the control group (a nanofilled composite).
This difference could be related to the differences in the specimen preparation. The specimen configuration and the path of
crack propagation may explain the 1.53 MPa m1/2 value obtained
for the tested specimens.
Previous studies reported that the higher the filler loading, the
higher the FT.6,19,20 The threshold of filler loading for the highest
FT values in resin composites was 55% by volume.20 In the present
study, all core build-up material evaluated had less than this level.
This percent of filler loading is more important than weight percent.
MultiCore Flow presented FT values significantly higher than Rock
Core FT values, which may be due to other variables once their
filler percentage volumes are at a similar level. One of the variable
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Fig 4. Comparison of specific gravity of five commercial composite
materials.
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effects on FT values besides filler content is stress transfer from
resin matrices to filler particles.6
The results of this study demonstrated that the KHN values varied
among the tested resin composites. Previous studies have confirmed
that KHN values reflect the degree of polymerization of resin composite,21,22 and many variables can influence the microhardness of
resin composite, such as filler size, filler type, filler load, or resin
matrix type.5,20,23 The resin materials, filler type, and size of each
material are shown in Table 1. Filtek Supreme Plus has nanofillers in
its composition and was developed for direct restorative procedures,
which explains the highest KHN (40.34 +/- 3.12), although not significantly different from CosmeCore. This finding is in accordance
with those of Fujita et al.24 In addition, the core build-up composites
developed for this specific purpose presented different KHN,25,26
with CosmeCore presenting the highest KHN among its category.
All the materials investigated reached the minimum DTS value
of 34 MPa, required for Type II resin composite materials as specified by ADA specifications.10 The authors’ results are in agreement
with another study,27 which evaluated the DTS of the composite
materials (which ranged from 35 MPa to 49 MPa).
Elastic moduli of resin composite materials have been measured
by many different methods, such as static and dynamic experiments.
Some mathematical models have been used for the prediction of the
elastic moduli as well. In some dynamic experiments, an ultrasound
(resonance) is commonly applied to the materials. In addition,
Poisson’s ratio is computed from the velocity or natural frequency
of the transverse and longitudinal waves generated.28 Many variables affect the elastic moduli values, including the efficiency of
polymerization, the test method, and the strain rate, among others.29
The Poisson’s ratio is a parameter that is affected by the testing
procedure, and different values can be obtained with a change of the
strain rate. However, the values obtained from the materials in this
study are in a reasonable range that was expected for composites
and calculated by other researchers.30,31 According to the present
results, no difference was observed among the different composite
core materials tested. The shear moduli and Young’s moduli of
resin composites as found in the present study presented a range
similar to a previous study.32 From the findings of this investigation, Filtek Supreme Plus exhibited the highest shear moduli and
Young’s moduli; Rock Core had the lowest Young’s moduli. These
observations are in agreement with previous studies.33,34
The present study had some limitations, including that it was an
in-vitro study and the influence of fatigue in the oral environment
was not evaluated. Studies that simulate clinical conditions are
necessary for better determination of the properties of the different
dental composite materials.

Regarding the elastic behavior of the core composite materials, Rock Core had the lowest Young’s values. There was no
difference in Poisson’s ratio and specific gravity among the
core materials.
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Fig 5. Comparison of Poisson’s ratio of five commercial composite
materials.
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Fig 6. Comparison of shear moduli of five commercial composite
materials.
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Conclusions

The findings of this study demonstrated that the FT, KHN, and
DTS of the core build-up materials tested varied significantly. Rock
Core had the lowest FT and Young’s moduli among the materials
tested while CosmeCore had the highest KHN values. CosmeCore
is expected to present a higher degree of conversion during its dualcure process (light and chemical cure) when compared to the other
dual-cure materials.
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Vertical line connects those values that are not significantly different at P = 0.05

Fig 7. Comparison of Young’s modulus of five commercial composite
materials.
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Based on these results, respecting the limitations of this study
and taking into consideration the convenience of the use of automix
systems and dual-cure properties, the authors suggest CosmeCore
and MultiCore Flow as core build-up materials of choice.
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