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Abstract Several dental materials have been used for core
build-up procedures. Most of these materials were not spe-
cifically developed for this purpose, but as a consequence of
their properties, have found application in core build-up
procedures. Improvements in composites and the develop-
ment of nanocomposites have led to their use as a core build
up material due to their superior mechanical properties,
optical properties and ease of handling. However it is not
clear if they have better mechanical properties than the
conventional core build up materials like amalgam, GIC and
dual cure composite core build up material. The strength of
the core material is very important and this study was
undertaken to compare the mechanical properties of mate-
rials used for direct core foundations. The differences
between the compressive strength and flexural strength of
Filtek Z350 nanocomposite with conventional core build up
materials like Amalgam, Vitremer GIC and Fluorocore were
tested. Cylindrical plexi glass split molds of dimension
6 £ 1 mm [height] x4 £ 1 mm [diameter] were used to
fabricate 15 samples of each core material for testing the
compressive strength and rectangular plexi glass split molds
of dimension 25 + 1 mm [length] x 2 £ 1 mm[height]
x2 £+ 1 mm [width] used for fabricating samples for flexural
strength. The samples were stored a water bath at 250 °C for
24 h before testing. The samples were tested using a Uni-
versal Instron testing machine. The results of the study
showed that Fluorocore had the highest compressive strength
and flexural strength followed by Filtek Z350 [nanocom-
posite] Amalgam had the least flexural strength and Vitremer
GIC had the least compressive strength. Thus flurocore and
nanocomposite are stronger than other core build up
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materials and hence should be preferred over other conven-
tional core build up materials in extensively damaged teeth.
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strength - Flexural strength - Filtek Z350 - Vitremer

Introduction

A core build- upis arestoration placed in a badly broken down
tooth to restore the bulk of the coronal portion so as to facil-
itate the subsequent restoration by means of an indirect extra
coronal restoration. A core restoration should provide satis-
factory strength and resistance during crown preparation and
impression procedures and therefore contribute to the reten-
tion and support of the temporary crown and in long term the
definitive restoration. The core material should have com-
pressive strength to resist intraoral forces and flexural strength
to prevent core dislodgement during function. Materials used
for core restoration after endodontic treatment include
amalgam, glass ionomer, hybrid glass ionomer, and resin
composites [ 1-7]. Each of these core materials have their own
advantages and disadvantages, a thorough knowledge of
which helps in selection of the appropriate material for a
particular clinical situation. With the advent of composite
resin many of the desirable properties were combined into one
material. They have adequate strength, ease of handling and
they can be bonded to the tooth structure. Hence, they are one
of the commonly used materials for core build up. Their
compressive strength is comparable to amalgam cores.
Fluoride releasing composites are also available. Also,
improvement in composites and enamel and dentin bonding
systems has stimulated trends toward more conservative
techniques. Apart from esthetics, resin composite cores have a
number of advantages over amalgam. Due to the immediate
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polymerization, teeth can be prepared for a crown restoration
at the same appointment. Resin composites can also be bon-
ded to dowels and crowns whenever appropriate bonding
techniques are used. However, their disadvantages include
their higher coefficient of thermal expansion relative to that of
enamel and the possible contamination by eugenol containing
provisional cements [1, 3,4, 7, 8,9, 10, 12]. The comparison
of the physical properties like compressive strength and
flexural strength of nanohybrid composite resin core materials
with conventional core restorative materials would help the
clinician to choose the appropriate and best core material
available for the restoration of weakened tooth structure.

Materials and Methods

Four commercially available brands of core materials were
used [Table 1]. Cylindrical plexi glass split molds of dimension
6 =+ 1 mm [height] x4 &= 1 mm [diameter] (Fig. 1) were used
to fabricate 15 samples of each core material for testing the
compressive strength and rectangular plexi glass split molds of
dimension 25 £ 1 mm{length}x 2 4+ 1 mm{height}x2 +
1 mm{width}(Fig. 2) [14—17]were used for fabricating sam-
ples for flexural strength. A total of 60 samples were fabricated
with 15 samples of each type of core material namely amalgam
[DPI Alloy] (Fig. 3), Vitremer [3M] (Fig. 4), Fluorocore
[DENTSPLY, Caulk] (Fig. 5), Nanocomposite, Filtek Z350
[3M] (Fig 4) were fabricated to test the compressive strength
and flexural strength respectively. The samples were stored a
water bath at 37 + 1° C for 24 h before testing. The samples
were tested using a Universal Instron testing machine (Fig 6).
This was connected to a load measuring cell, which continu-
ously recorded the load applied to the samples at a crosshead
speed of 0.75 £ 0.25 mm min-1 till the samples fracture.

Results

The values were recorded for compressive strength and
flexural strength [MPa] in the four groups AC, IC, FCand NC

Table 1 Four commercially available brands of core materials

Fig. 1 Plexi Glass Molds for fabrication of cylindrical compressive
strength samples

Fig. 2 Plexi Glass Molds for fabrication of rectangular flexural
strength samples

which are Amalgam [DPI], Vitremer [3 M], Fluoro-
core[DENTSPLY, Caulk] and Nanocomposite Filtek [3 M]
respectively. The observations were then subjected to sta-
tistical analysis.[Tables 2, 3, 4, 5, 6 and 7]. Comparison of
Compressive Strength and Flexural Strength (MPa) between
the four materials (Nanocomposite-FiltekZ350, Fluorocore,
Amalgam and Vitremer) was done. The Null Hypothesis 1
was that there is no significant difference in the mean com-
pressive strength and flexural strength (in MPa) of the 4
materials i.e. p1 = p2 = p3 = p4.The Alternate Hypothe-
sis was that there is a significant difference in the mean
compressive strength and flexural strength (in MPa) of the 4
materials i.e. pl # p2 # p3 # pd.. The Level of Signifi-
cance considered for values to be significant was o = 0.05In
order to compare the means of the 4 materials ANOVA
analysis was used. The P value was compared with the level

Group Test done Material used Brand name Number of samples
AC Compressive strength High copper amalgam DPI Alloy 15
AF Flexural strength High copper amalgam 15
IC Compressive strength Resin modified glass ionomer Vitremer [3 M] 15
IF Flexural strength Resin modified glass ionomer 15
FC Compressive strength Fluoride releasing composite Fluorocore [DENTSPLY] 15
FF Flexural strength Fluoride releasing composite 15
NC Compressive strength Nanohybrid composite resin Filtek Z350 [3 M] 15
NF Flexural strength Nanohybrid composite resin 15
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Fig. 3 15 Samples of amalgam
[dpi alloy]

Fig. 4 15 Samples of vitremer
(3 M]
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Fig. 5 15 Samples of flouorocore [DENTSPLY]

of significance. If P < 0.05, the alternate hypothesis was
accepted and concluded that there is a significant difference
in the mean compressive strength and flexural strength of the
materials. Otherwise the null hypothesis is accepted. If there
is a significant difference between the materials then multi-
ple comparisons (Post—Hoc tests) using Bonferroni test is
carried out. Higher mean compressive strength was recorded
for Fluorocore [FC group] followed by Nanocomposite-
FiltekZ350 [NC] and Amalgam [AC] respectively. Lowest
compressive strength was recorded for Vitremer [IC group].
The difference in mean compressive strength between the
four materials was found to be statistically significant
(P < 0.001). In order to find out among which pair of
materials there exists a significant difference with respect to
the compressive strength, multiple comparisons was done
using Bonferroni test. The results are as given in Table 5.
The difference in mean compressive strength between
Nanocomposite-Filtek Z350 and the other materials was
found to be statistically significant (P < 0.001). Similarly

Fig. 6 Universal instron testing machine

the difference in mean compressive strength between Flu-
orocore, Amalgam, Vitremer with the other materials was
also found to be statistically significant (P < 0.001)
[Figs. 7,8]. Higher mean flexural strength was recorded for
Fluorocore[FF] followed by Nanocomposite-FiltekZ350
[NF] and Vitremer [IF] respectively as seen in Table 6.
Lowest flexural strength was recorded for Amalgam [AF].
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The difference in mean flexural strength between the dif-
ferent materials was found to be statistically significant
(P < 0.001). In order to find out among which pair of
materials there exists a significant difference, Bonferroni test
was done [Table 7]. The difference in mean flexural strength
between Nanocomposite-FiltekZ350 and the other materials
was found to be statistically significant (P < 0.001). The
difference in mean flexural strength between Fluorocore,
Amalgam, Vitremer and the other materials was also found
to be statistically significant (P < 0.001) [Figs. 9,10].

Discussion

A core build-up is a restoration placed to provide the
foundation for a restoration that will endure the masticatory
stress that occurs in the oral cavity for prolonged periods
and to provide satisfactory strength and resistance to
fracture before and after crown preparation [1]. The
selection of materials is based primarily on ease of han-
dling with due consideration being given for mechanical
properties and manipulative variables. Among mechanical
properties compressive strength of core materials is
important because cores usually replace a large bulk of
tooth structure and they should provide sufficient strength
to resist intraoral compressive and tensile forces that are
produced in function and parafunction. Flexural strength is
used to evaluate the strength of the material and the amount
of the distortion expected under bending stress [43]. Core
build up materials are used to reconstruct endodontically
treated teeth with cast post and cores, pin retained core
build ups, dowel and core and prefabricated post which
retain a core that can be used to support the definitive
prosthesis. Amalgam, glass-ionomer cements (GICs) and
resin composites have found application in core build-up
procedures; even if most of them were not specifically
developed for this purpose [27]. Among the three direct
core buildup materials which are amalgam, GIC and
composite, amalgam had the greatest compressive strength
according to earlier studies. It also has a safe, successful
clinical history. A study by Kovarik et al. compared
amalgam, GIC and composite direct build up materials and
they found that amalgam cores had the lowest failure rate,
and that more than one million cycles were required to

Table 2 Compressive strength [MPa]

Group Material Mean Std dev
NC Nanocomposite-FiltekZ350 273.71 8.27
FC Fluorocore 363.01 5.40
AC Amalgam 185.14 391
IC Vitremer 98.35 1.13
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Table 3 Compressive strength [MPa]

Group Material Mean Std dev
NF Nanocomposite-FiltekZ350 87.12 2.11
FF Fluorocore 140.42 2.32
AF Amalgam 28.09 1.15
IF Vitremer 42.30 2.12

produce the median fatigue life of the amalgam cores.
Composite resin cores experienced 83.3 % failure and
required only 385,212 cycles to achieve their median
fatigue life. All the glass-ionomer cores failed during the
cycling period. Hence due to its superior mechanical
properties and longer function, amalgam is used for direct
core build up procedures [8]. The advantages of Glass-
ionomer cement are that they do not require extra proce-
dures for consistent retention or adhesion, as they adhere
directly to the dental hard tissues [23, 38]. However vari-
ous studies have shown that conventional GIC’s do not
have the physical properties suitable for a core build up
material as they are susceptible to moisture contamination
and they have low early strength [6, 8, 11]. Simmons is
known to have developed miracle mix which was a mod-
ified form of GIC with amalgam alloy powders incorpo-
rated into it. However esthetics was poor and the strength
was not comparable to that of amalgam [38]. Cermet io-
nomer cements, introduced by McLean by sintering metal
and glass powders together to be used as core build up
material had lower strength which confines its usage to low
stress bearing areas[47]. The search for a material that has
the fluoride releasing capability of GIC and durability of
composites led to the introduction of polyacid modified
composite or compomer [43]. They are indicated when
more than half the tooth is missing, and a buildup of the
tooth is needed. Resin modified GIC’s are conventional
glass ionomer cements with the addition of HEMA. They
are also known as hybrid ionomers and they overcame the
drawbacks of conventional GIC. They are considered dual
cure cements if only one polymersiation mechanism is used
like light cure or chemical cure [11, 18, 41]. A recent
modification in Resin Modified GIC is the Tricure GIC
where there are three reactions, which are Acid—base glass
ionomer reaction (initiated when powder and liquid are
mixed and can proceed in the dark) photo initiated free
radical methacrylate cure and dark cure free radical
methacrylate cure (initiated when powder and liquid are
mixed and can proceed in the dark). In recent years com-
posites due to their rapid rate of polymerization and better
strength properties have become the popular choice for
core build up of teeth. The advantages are, the tooth maybe
built up, prepared and impressioned all in the same
appointment. However there have been reported
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Table 4 ANOVA - Compressive strength [MPa]

Material Group n Mean Std dev Min Max F P value

Nanocomposite-FiltekZ350 NC 15 273.71 8.27 260.30 289.30 7040.214 <0.001

Fluorocore FC 15 363.01 5.40 352.20 371.70

Amalgam AC 15 185.14 391 177.70 190.30

Vitremer IC 15 98.35 1.13 95.90 100.20

Table 5 Bonferroni test multiple comparisons: compressive strength [MPa]

Group Material[I] Material [J] Mean difference [I-J] Std. error Sig 95 %confidence interval

Lower bond Upper bond

NC Nanocomposite-Filtek Z350  Fluorocore —89.3000 1.8965 0.000 —94.475  —84.125
Amalgam 88.5710 1.8684 0.000 83.473 93.669
Vitremer 175.3596 1.9278 0.000 170.099 180.620

FC Fluorocore Nanocomposite-Filtek Z350 89.3000 1.8684 0.000 —93.669  —83.473
Amalgam 177.8710 1.8684 0.000 —182.969 —172.773
Vitremer 86.7886 1.9278 0.000 81.604 91.973

AC Amalgam Nanocomposite-Filtek 2350  —88.5710 1.8684 0.000 —93.669  —83.473
Fluorocore —177.8710 1.8684 0.000 —182.969 —172.773
Vitremer 86.7886 1.9002 0.000 81.604 91.973

IC Vitremer Nanocomposite-Filtek Z350 —175.3596 1.9278 0.000 —180.260 —170.099
Fluorocore —264.659 1.9278 0.000 —269.920 —259.399
Vitremer —86.7886 1.9002 0.000 —91973 —81.604

Table 6 ANOVA—flexural strength [MPa]

Material Group N Mean Std dev Min Max F P value

Nanocomposite-FiltekZ350 NF 15 87.12 2.11 84.10 92.03 10463.013 <0.001

Fluorocore FF 15 140.42 2.32 135.50 144.20

Amalgam AF 15 28.09 1.15 26.00 29.80

Vitremer IF 15 42.30 2.12 37.69 45.80

Table 7 Bonferroni test multiple comparisons: flexural strength [MPa]

Group Material[I] Material [J] Mean difference [I-J] Std. error  Sig 95 % Confidence interval

Lower bond Upper bond

NF Nanocomposite-Filtek Z350  Fluorocore —53.052 0.6759 0.000  —55.147 —51.463
Amalgam 59.0317 —6987 0.000 57.127 60.936
Vitremer 44.8233 —6867 0.000 42.952 46.695

FF Fluorocore Nanocomposite-Filtek Z350 53.052 0.6759 0.000 51.463 55.147
Amalgam 112.2369 0.7080 0.000 110.407 114.266
Vitremer 98.1285 0.6961 0.000 96.231 100.026

AF Amalgam Nanocomposite-Filtek Z350  —59.0317 0.6987 0.000  —60.936 —57.127
Fluorocore —112.3369 0.7080 0.000 —114.266 —110.407
Vitremer —14.2083 0.7183 0.000 —16.166 —12.251

IF Vitremer Nanocomposite-Filtek Z350 —44.8233 0.6867 0.000 —46.695 —42.952
Fluorocore —98.1285 0.6961 0.000 —100.026 —96.231
Vitremer 14.2083 0.7183 0.000 12.251 16.166
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Mean Compressive Strength (MPa) in the materials
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undesirable properties of composites like dimensional
changes when exposed to moisture, which are found to be
substantial as they affect the seating of cast restorations [1—
8, 10-13, 18-22, 24-26, 30-39]. There are many com-
posite build-up materials available; most of them are either
self cured or light cured or dual- cured. As the core build
up restorations are thicker restorations, the chemical curing
capability is considered as an added advantage. On light
curing, however, the intensity of the light is greatest at the
surface and generally decreases as it penetrates deeper
within the material. For each product, the manufacturer
usually recommends the thickness or depth to which the
material will completely cure. ADA Specification no. 27,
however, requires that this depth is not more than
1.5-2 mm when the composite is light cured [44, 45, 49].
Fluorocore is a dual cure composite which core build up
material and has the desirable property of fluoride release.
It is available in two shades blue and white. The tooth
colored shade can be used where esthetics and show-
through of the core are of primary concern [50].Dental
composites are polymeric materials and developments in
filler technology have led to significant reductions in filler
size and improvements in filler packing, reducing the wear
and degradation associated with the polymer matrix, and
enhancing the clinical usefulness of these materials. The
advent of nano fillers with their broad particle distribution
in nanocomposites helps to obtain high filler loading,

@ Springer
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desirable handling characteristics and physical properties
[14]. The composition of Filtek Z350 is BIS-GMA, BIS-
EMA and UDMA with small amounts of TEGDMA as the
resin matrix and the filler contains a combination of a non-
agglomerated/non-aggregated, 20 nm nanosilica filler, and
loosely bound agglomerated zirconia/silica nanocluster,
consisting of agglomerates of primary zirconia/silica par-
ticles with size of 5-20 nm fillers. The cluster particle size
range is 0.6—1.4 microns. The filler loading is 78.5 % by
weight. The compressive strength and flexural strength of
the nanocomposite has been shown to be equivalent to or
higher than those of the hybrid or microhybrid composites
[14, 17, 42, 46]. In the present study the compressive
strength and flexural strength of the nanocomposites was
compared with other conventional core build up materials.
Considerable difference was found in the compressive and
flexural strength among the various core materials. Flu-
orocore which is formulated to be used as a core material
was significantly stronger than the other core materials in
terms of both compressive and flexural strength followed
by Filtek Z350 a nanocomposite. However this was not in
accordance with the study done by Mitra et al. According
to the study done by Mitra et al. the FS and CS test values
of nanocomposites were found to be superior than hybrid,
microhybrid or microfill materials.The high flexural
strength was reported to be due to the higher filler
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concentration. The Nanomeric[NM] particles and Nanocl-
usters [NC] are fundamentally different from particles in
microfill fillers. The use of spheroidal NC fillers with their
broad particle distribution helps to obtain high filler load-
ing, desirable handling characteristics and physical prop-
erties comparable with those of commercial hybrid
composites. The NM particles in these formulations fill the
interstitial spaces between the clusters. The resultant sur-
face, thus, is densely packed with fillers. Hence when
subjected to abrasion only nanosized particles are plucked
away, leaving the surfaces with defects which are smaller
[14, 17, 29, 31, 36]. In the present study the better per-
formance of Fluorocore when compared to the nanocom-
posite could be attributed to the composition of monomer
used in Fluorocore. Fluorocore uses UDMA as the mono-
mer whereas Filtek Z350 nanocomposite uses TEGDMA
monomer. A study done by Erik Asmussen, Anne Peutz-
feldt on the influence of UDMA, BisGMA and TEGDMA
on mechanical properties of experimental resin composites
showed that the monomer containing BisGMA or TEG-
DMA substituted by UDMA resulted in an increase flexural
strength, and that substitution of BisGMA by TEGDMA
reduced the flexural strength. TEGDMA monomer used in
nanocomposite could be the reason for lower strength
obtained in this study when compared to Fluorocore. These
results are in accordance with the studies done by Yuzu-
gullu et al. where the properties of nanocomposites though
was comparable to packable composites, but still lesser
than packable composites [3, 17]. The results of the present
study wherein the compressive and flexural strength of
Fluorocore was shown to be higher than amalgam and GIC
is in accordance with a study done by Levartovsky which
compared the diametral tensile strength, flexural strength,
and compressive strength of core materials like light-acti-
vated glass ionomer cement (VariGlass VLC) and a fluo-
ride-release dual cure composite resin (FluoroCore), with
those of a conventional silver-reinforced glass-ionomer
cement (Miracle Mix). The results of this study showed
that diametral tensile strength, flexural strength, and com-
pressive strength of the FluoroCore and VariGlass VLC
materials were significantly higher than those of the con-
ventional Miracle Mix [4, 28]. The CS value for amalgam
was lower than that of composites tested and higher than
Vitremer. Amalgam cores are certainly to be preferred over
glass ionomer cement (GIC) cores. This result is in
accordance with the results of the study by Cho et al. [2].
The FS value for amalgam was the least when compared to
all the materials tested. This could be due the fact that the
modulus of elasticity of composites is approximately one-
third the modulus of elasticity of amalgam; that is, amal-
gams are three times more rigid. Glass ionomer-based
materials were markedly weaker than the other materials in
CS and FS tests used in the study, which is in accordance

with the results of other studies on physical and mechanical
properties of core build-up materials wherein FS and CS
values of dualcure composite resin were higher than that of
GIC core materials. Vitremer had the least strength among
materials tested which is also in accordance to another
study done by Yuzugullu et al. where similar results were
seen. Thus, the role of glass ionomers and glass ionomer-
based materials as cores must be questioned [1-6, 8, 28, 32,
37, 40, 48]. However all four materials tested were found to
have mean CS values (>100 MPa) greater than the mini-
mum value (50 MPa) recommended for dental amalgam.
The use of standardized protocols in this study, such as ISO
4049, allows the results from different studies to be com-
pared. Despite such standardization, these data demonstrate
variation, as limitations still exist when trying to extrapo-
late these results to the clinical performance of materials,
since the ISO 4049 standards for compressive and flexural
strength testing recommend submerging the specimen in
distilled water for only 24 h at 37 £ 1° C prior to testing.
Furthermore, the specimen is submitted to only one
mechanical cycle before submitting to fracture and also the
material is cured in an ideal condition sans the oral cavity
condition difficulties like saliva, visibility issues, operator
handling of material etc. which could play an important
role in curing and setting of the material which would
influence the strength of the material greatly. Thus these
specifications do not reflect the material’s long-term per-
formance. Despite these considerations, the compressive
strength test and the 3-point bending test used according to
ISO 4049 is considered a standard test. Strength is the most
important aspect for selection of a core material as stronger
the material better is their ability to resist deformation and
fracture. The results obtained from this study prove that the
strength of Fluorocore material is higher than the nano-
composite Filtek Z350. However both of these materials
have better strength and mechanical properties as com-
pared to the conventional core build up materials, amalgam
& GIC. Hence the core material selection must include the
understanding of materials’ properties and no one material
may be considered ideal and capable of truly replacing lost
tooth structure. The clinicians should have a clear knowl-
edge of the mechanical properties of the materials in order
to obtain the best clinical outcome.

Conclusion
Within the limitations of this in vitro study, the following
conclusions were drawn:

1. Fluorocore had the highest compressive strength and
flexural strength of the four materials tested in this
study.
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The strength of Filtek Z350 was less than Fluorocore
but higher than other conventional core build up
materials like amalgam and vitremer GIC.

As reported in many other earlier studies the strength
of GIC in the present study was found to be inadequate
to be used as core build up material as its compressive
strength was very less in comparison to composite and
amalgam.

Amalgam can be used as a core build up material
in situations where the tooth structure loss is minimal
as it had the least flexural strength and its usage is
limited to posterior teeth as the dark color of amalgam
precludes its use in the anterior esthetic zone.
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