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Abstract
Purpose: Failures of fixed partial dentures (FPDs) fabricated with fiber-reinforced
composites (FRCs) have been attributed to veneering fractures. The aim of the present
study was to investigate the shear bond strength and mode of failure between an indirect
composite and FRC substructures.
Material and Methods: SR Adoro indirect composite was bonded to the following
substructures: (a) flat surface made of unidirectional glass fibers (group A), (b) retentive
sticks made of unidirectional glass fibers (group B), (c) flat surface made of fiber net
(group C), (d) retentive sticks made of fiber net (group D), (e) nickel-chromium dental
alloy (control, group E). For every group, 13 specimens were fabricated. All specimens
were hydrothermocycled (5000 cycles, 5◦C/30sec, and 55◦C/30sec). A bond test was
performed in a testing machine at a 0.5 mm/min crosshead speed according to ISO
10477. The failure mode was determined by examination of the fractured surfaces un-
der an optical microscope. Selected specimens were examined with scanning electron
microscope and with energy dispersive spectroscopy for compositional determination.
The morphology (flat-sticks) and the type (unidirectional-net) of fibers on the bond
strength were estimated.
Results: The mean shear bond strength was significantly different between groups E
and A (p = 0.044), and groups A and B (p = 0.010). All FRC specimens showed
cohesive failure. Group E showed predominantly adhesive failure. The bond strength
was higher when sticks or fiber nets were used.
Conclusions: Fiber nets and retentive sticks increase the shear bond strength between
FRCs and indirect composite. Clinical implications: In FPDs, the morphology and
type of FRC substructures might influence the shear bond strength between the FRC
substructure and the indirect veneering composite. With the proper design of these
substructures, the number of veneering fractures may be decreased.

The continuously growing demand for more-esthetic restora-
tions has led to the development of new, metal-free pros-
thetic dental products. Metal-free fixed partial dentures (FPDs)
may be fabricated either by all-ceramic systems or by fiber-
reinforced composites (FRCs).

The use of FRCs in dentistry has been described in the litera-
ture for at least 30 years. FRCs consist of fibers embedded in a
resinous matrix providing satisfactory mechanical properties.1

The reinforcing properties of FRCs are influenced by sev-
eral factors, such as the type and quantity of the fibers, their
impregnation by the resinous matrix, their adhesion to it, and

their orientation. Theoretically, unidirectional fibers reinforce
the composite by 100% in one direction (anisotropic mechani-
cal properties), whereas a fiber net reinforces the composite by
50% or 25% in two directions.

As most FRCs are translucent materials, they exhibit good es-
thetics based on their “shine-through” effect.2 Their indications
include endodontic dowels,3 splints,4 crowns, denture bases,1

prosthodontic frameworks on implants,5 and fixed prosthodon-
tic restorations.6,7

FRCs are used as substructures beneath the newer hy-
brid particulate filler composite veneering materials.8 Several
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commercial FRC products have been introduced for clinical
use. The most common include glass fibers preimpregnated
with monomer or polymer systems. A number of clinical
reports9-12 indicate that the most common failures of these
restorations are due to veneer fractures.13,14 These failures can
be attributed to improper framework design,15-17 high bending
tendencies of the framework materials,18 and insufficient bond
strength between framework and veneering material.13,14,19 Al-
though several attempts have been made to increase the bond
between the FRC substructure and the veneering composite
resin, this issue is still of great concern.20-22 In a previous
paper,23 the shear bond strength of a light-cured veneering
composite bonded to FRC substrates was tested.

Consequently, the aim of this study was to investigate the
shear bond strength of a commercial indirect composite bonded
to different FRC substructures and to characterize the mode of
failure of the fractured surfaces. The null hypothesis was that
the different types of FRC substructures do not affect the shear
bond strength between them and the composite material. The
mode of failure is expected to be the same for all combinations
of FRC substructures and veneering composite.

Materials and methods
The composition of the materials used is described in Table 1.
An indirect composite material (SR Adoro) was bonded to five
FRC substructures. According to the manufacturers, SR Adoro
is a laboratory resin able to bond successfully to both base
metal alloys and FRC substructures. 4all is a nickel-chromium
alloy proposed by the manufacturers to be used, among other
materials, with SR Adoro. According to the literature, fiber
direction influences the bond strength between a laboratory
composite and an FRC framework.22 In Vectris Pontic and
Vectris Frame, the fiber directions are specific. So, the use
of these products permits specimens with specific and repro-
ducible fiber directions.

For the purpose of the present study, 65 specimens were
fabricated and divided into five equal groups as follows: In
group A, SR Adoro was placed on an FRC substructure with a
flat surface made of unidirectional glass fibers (Vectris Pontic)
(Fig 1A). In group B, SR Adoro was bonded to an FRC substruc-
ture with a surface made of unidirectional glass fibers (Vectris
Pontic) containing retentive rectangular sticks, 0.5 × 0.5 mm2

in cross section and 10 mm in length, positioned parallel to each
other at a distance of 0.5 mm (Fig 1B). In group C, SR Adoro
was placed on an FRC substructure with a flat surface of glass
fiber net (Vectris Frame) (Fig 1C). In group D, SR Adoro was
bonded to an FRC substructure of glass fiber net (Vectris Frame)
with retentive sticks similar to those in group B (Fig 1D).
Group E (control group), consisted of specimens where SR
Adoro was bonded to a cast dental Ni-Cr alloy (4all).

For the fabrication of the specimens of group A, three 10 mm
long pieces of unpolymerized FRC Vectris Pontic were pressed
by a transparent polyester sheet (Mylar) and a glass plate into
a silicon mold, moistened with Vectris Glue (Ivoclar Vivadent)
for the FRC substructures to form rectangles of 10 × 10 ×
1 mm3. The mold was placed in a Vectris VS1 oven (Ivoclar
Vivadent) for 10 minutes under vacuum, for the thermo-photo

polymerization of the material according to the manufacturer’s
instructions.

For the specimens of group B, a translucent impression
was made as described below. A metallic jig with dimensions
10 × 10 × 1 mm3 was cast containing retentive sticks (10 mm
long and 0.5 × 0.5 mm2 in cross section) in one of the sur-
faces. The retentive sticks were positioned parallel at a dis-
tance of 0.5 mm to each other. The jig was placed into the
silicon mold used previously with the retentive sticks looking
upward. A separator was applied both on the silicon mold and
the metallic jig, and an impression of the retentive sticks was
taken with a translucent vinyl(poly siloxane) material (Transil,
Ivoclar Vivadent). The translucent impression was fitted ex-
actly on the silicon mold. The translucent impression was used
to press three pieces of unpolymerized FRC Vectris Pontic
10 mm long into the silicon mold. The long axes of the fibers
were placed parallel to the long axes of the retentive sticks.
The material was then polymerized in the Vectris VS1 oven for
10 minutes.

Group C specimens were prepared by pressing two 10 mm
long pieces of unpolymerized FRC Vectris Pontic with a trans-
parent polyester sheet (Mylar) and a glass plate into the silicon
mold moistened with Vectris Glue. Then the mold was placed
in the Vectris VS1 oven for 10 minutes under vacuum. After
polymerization, a Vectris Frame was pressed on to the poly-
merized Vectris Pontic with the Mylar sheet and the glass plate.
The specimens were placed in the Vectris VS1 oven for 10 min-
utes for additional polymerization according to manufacturer’s
instructions.

Group D specimens were prepared by pressing with the
translucent impression two 10 mm long pieces of unpolymer-
ized FRC Vectris Pontic into the silicon mold moistened with
Vectris Glue and then polymerizing them in the Vectris VS1
oven for 10 minutes under vacuum. After polymerization a
Vectris Frame was pressed onto the polymerized Vectris Pontic
using the translucent impression, followed by additional poly-
merization for 10 minutes in the same oven.

The excess material was removed from the FRC substruc-
ture of the specimens of groups A to D with carbide burs. The
specimens were carefully air abraded with 100 µm Al2O3 parti-
cles at 1 bar according to the manufacturer’s recommendations.
The residues were removed by tapping, and Vectris wetting liq-
uid (Ivoclar Vivadent) was applied immediately afterward. The
liquid was allowed to set for 60 seconds.

Group E castings were rectangles 10 × 10 × 1 mm3, with
retention beads (200 µm to 300 µm in diameter) in one of
the flat surfaces, which was air braded with 100 µm Al2O3

particles. All residue was removed by tapping it off, and a
bonding agent (SR Link, Ivoclar Vivadent) was applied all over
the surface and allowed to set for 3 minutes.

An adhesive tape with a 5 mm diameter inner hole was placed
on the specimen to define the bonding area. A thin layer of SR
Adoro liner was applied on the specimens of groups A to D.
The liner was polymerized for 20 seconds using a halogen light-
curing unit (Trilight, 3M ESPE, Seefeld, Germany). Two layers
of opaquer were applied to the specimens of group E. Each
layer was polymerized for 20 seconds using the light-curing
unit. The specimens were polymerized afterward in a Targis
Power Upgrade furnace (Ivoclar Vivadent) for 11 minutes.
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Table 1 Materials used

Materials Composition Manufacturer Lot no.

4all
(Ni-Cr base metal alloy)

Ni: 61 wt%
Cr: 25.7 wt%
Mo: 11 wt%
Si: 1.5 wt%

Ivoclar Vivadent, Schaan, Liechtenstein J14779

SR Adoro Opaquer
(Low-viscosity laboratory resin)

55 wt% dimethacrylates (Bis-GMA, TEGDMA,
UDMA) and 43 wt% inorganic fillers

Ivoclar Vivadent, Schaan, Liechtenstein F15584

SR Adoro dentin A3,5
(high-viscosity laboratory resin)

17–19 wt% dimethacrylates (UDMA); 64–65 wt%
inorganic fillers

Ivoclar Vivadent, Schaan, Liechtenstein G26586

SR Adoro liner
(low-viscosity laboratory resin)

48 wt% dimethacrylate (Bis-GMA, TEGDMA, UDMA);
51 wt% inorganic fillers

Ivoclar Vivadent, Schaan, Liechtenstein F40868

SR Link Bonding agent based on a phosphoric ester Ivoclar Vivadent, Schaan, Liechtenstein H 15063
Vectris Pontic (unidirectional glass

fibers)
64–66 wt% glass fibers and 30–32 wt%

dimethacrylate
Ivoclar Vivadent, Schaan, Liechtenstein F94028

Vectris Frame (glass fiber net) 49–51 wt% glass fibers and 44–46 wt%
dimethacrylate (Bis-GMA and TEGDMA)

Ivoclar Vivadent, Schaan, Liechtenstein F94027

SR Gel Glycerine, silicon dioxide, and aluminum oxide Ivoclar Vivadent, Schaan, Liechtenstein G28777
SR Adoro Thermo Guard Diethylene glycol, water, inorganic filler, synthetic

fibers
Ivoclar Vivadent, Schaan, Liechtenstein F41798

Vectris Glue 38–40 wt% dimethacrylate, 59–61 wt% inorganic
filler (barium glass filler and silicon dioxide)

Ivoclar Vivadent, Schaan, Liechtenstein E58546

Transil Vinyl(poly siloxane) Ivoclar Vivadent, Schaan, Liechtenstein G09604

The inhibition layer was removed from all the specimens. SR
Adoro dentin was condensed through a tubular mold of celluloid
(5 mm diameter, 3 mm height), forming two layers of 1.5 mm
in height. Every layer was photo cured for 20 seconds. SR Gel
was applied on the entire surface of specimens of groups A, B,
C, and D as well as to the SR Adoro surface of the specimens
of group E. SR Adoro Thermo Guard was also applied on the
metal surface of the specimens of group E. All specimens were
polymerized in a Targis Power Upgrade furnace for 25 minutes.

The finished specimens were checked and adjusted to the
predetermined dimensions. They were then hydrothermocy-
cled for 5000 cycles in baths of 5◦C and 55◦C, remaining
in each bath for 30 seconds with a 2 second dwell time.
Shear strength testing was performed using a universal testing
machine (Tensometer 10, Monsanto, Akron OH) exerting a
constant load applied at the interface between veneering and
substructure materials at a 0.5 mm/min crosshead speed ac-
cording to ISO 10477. The direction of the fibers and the sticks
were put randomly to the applied load.

The fractured surfaces of the specimens (the FRC substruc-
ture surface and the veneering composite surface) were ex-
amined under an optical microscope (ZEISS Stemi 2000-C,
Toronto, Canada) at ×16 magnification to determine the mode
of failure. Selected areas of the fractured surfaces were ex-
amined in a scanning electron microscope (Quanta 200, FEI,
Hillsboro, OR), and subjected to energy dispersive x-ray spec-
troscopy (EDS) (Sapphire CDU, Edax Int., Mahwah, NJ) to
analyze the elementary composition of the remaining material.
The failure mode was determined arbitrarily according to the
sum of the percentage of the remaining indirect composite on
the FRC substructure surface plus the percentage of the re-
maining fibers of the FRC material on the indirect composite

surface (%IC + F). Particularly, if the sum of these percentages
was less than 25%, the failure mode was considered adhesive,
and if it was more than 75%, the failure mode was cohesive.
On the other hand, when the sum was between 25% and 50%,
the failure mode was predominantly adhesive, and when it was
between 50% and 75%, the failure mode was predominantly
cohesive. In the specimens of the control group, because no
metal was detached on the veneering composite surface, the
mode of failure was determined according to the percentage
of the remaining indirect composite on the metal substructure
surface (cohesive when it was higher than 75%, adhesive when
it was lower than 25%, predominantly adhesive when it was
between 25% and 50%, and predominantly cohesive when it
was between 50% and 75%). A software analysis program (Im-
age J, Wayne Rasband, National Institute of Health, Bethesda,
MD) was used to calculate these percentages.

For comparison of the shear strength among the five groups,
one-way ANOVA was conducted along with Tukey’s post hoc
test. In addition, the effect of the surface morphology (flat
surface and surface with sticks) and fiber type (unidirectional
fibers and fiber net) on the shear bond strength was investi-
gated among the four fiber-reinforced groups by using two-
way factorial ANOVA. All statistical tests were carried out
at a significance level of 0.05. Statistical analysis was per-
formed using SPSS for Windows (Rel. 15.0.0. 2006. SPSS Inc.,
Chicago, IL).

Results
The mean bond strengths and standard deviations of the five
groups are presented in Table 2. Representative images of the

Journal of Prosthodontics 21 (2012) 451–459 c© 2012 by the American College of Prosthodontists 453



Bond Strength of Indirect Composite to FRCs Antonopoulou et al

Figure 1 Schematic illustration of the FRC substructure of groups A to D.

Table 2 Mean shear bond strength (MPa) and standard deviation of the
groups tested

Groups Mean ± SD

Group A 11.83 ± 4.2a

Group B 20.86 ± 8.2b

Group C 16.66 ± 8.9a,b

Group D 16.74 ± 5.8a,b

Group E 19.29 ± 5.6b

The same superscript letters indicate no statistically significant differences be-

tween the tested groups.

fractured surfaces of the specimens of groups B and D in the
optical and scanning electron microscopes, as well as their ele-
mental analysis are presented in Figures 2 and 3. EDS revealed
that the surfaces with fibers contained Mg and Ca, whereas
the veneering composite areas did not. The failure mode of
all specimens belonging to the FRC groups was cohesive
(IC + F > 75%), and the failure mode of the control group
was predominantly adhesive.

One-way ANOVA of bond strength results revealed signif-
icant differences among the tested groups (p = 0.015). More

specifically, the mean shear bond strength was statistically dif-
ferent between groups E and A (p = 0.044), as well as between
groups A and B (p = 0.010). Two-way ANOVA revealed that
the effect of FRC morphology (flat surface and surface with
sticks) of the specimens on the bond strength was statistically
significant (p = 0.024), whereas that of fiber type (unidirec-
tional fibers and fiber net) was not (p = 0.856); however, the
interaction between surface morphology and fiber type was
statistically significant (p = 0.026). When unidirectional glass
fibers were used, the strength was significantly affected by the
surface. More specifically, the strength was statistically greater
(p = 0.002) when sticks were used on Vectris Pontic (20.86
MPa ± 8.20), comparable to the use of flat Vectris Pontic sur-
faces (11.83 MPa ± 4.15). There was no statistically significant
difference when the fiber net was used (p = 0.978).

Discussion
SR Adoro is a modern indirect resin composite. It consists of
an aromatic-aliphatic urethane dimethacrylate monomer and a
high percentage of inorganic fillers (65 wt%) in the nanoscale
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Figure 2 Optical microscope (A, B), SEM (C, D), and EDS (E, F) images of a specimen of group B at substructure (A, C, E) and indirect composite
(B, D, F) fractured surfaces. Unidirectional fibers (B) interlocked into the retentive sticks (A) on both the indirect composite surface and the FRC
substructure fractured surfaces can be seen.
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Figure 3 Optical microscope (A, B), SEM (C, D), and EDS (E, F) images of a specimen of group D at substructure (A, C, E) and composite (B, D, F)
fractured surfaces. The texture of the fiber net (A) and the morphology of the retentive sticks (B) can be seen.
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range that, according to the manufacturers, improves its
mechanical and physical properties.25 SR Adoro can be bonded
successfully to base metal alloys using a chemical bonding
agent based on a phosphoric ester with a methacrylate function
(SR Link bonding system) and small beads (200 µm to 300 µm
in diameter) for micromechanical retention. Metal-composite
bonding agents and especially agents based on phosphoric es-
ters, provide adequate bond strength and reduce microleakage at
the metal/resin interface, preventing discoloration of the veneer-
ing composite.26 Vectris, on the other hand, consists of E-glass
fibers embedded in an organic polymer matrix (dimethacrylate
monomer). E-glass fibers contain MgO and CaO, which may
be prone to hydrolysis.

The bond between SR Adoro and the Vectris FRC sub-
structure involves a resin/resin bond and a glass/resin bond.
The resin/resin bond exists between the polymer matrix of the
Vectris FRC (Bis-GMA) and that of the SR Adoro (urethane
dimethacrylate, UDMA). The matrices of both materials (SR
Adoro, Vectris) are compatible, and so a stronger resin/resin
bond can be made. The uncured composite material remain-
ing on the surface of the FRC (inhibited layer), which reacts
chemically with the monomers in the resin, is mainly respon-
sible for this bond. On the other hand, the highly cross-linked
polymer matrix of Vectris might inhibit a strong resin/resin
bond. Furthermore, as the polymer matrix of Vectris is already
polymerized, it might be difficult to be dissolved by the ma-
trix of SR Adoro liner (Bis-GMA, TEGDMA, UDMA). The
glass/resin bond is formed between the glass fibers and the
resin matrix, through silane agents.27 Particularly, silane forms
a covalent bond at the glass surface and in turn demonstrates a
functional methacrylate group, which may co-polymerize with
the methacrylate of the resin matrix. In addition, silane agents
increase the wettability of the surface of the glass fibers, per-
mitting resin to penetrate them.

All the FRC specimens exhibited a cohesive mode of fail-
ure, indicating that the FRC-indirect composite bond was quite
strong. This finding is in accordance with the null hypothe-
sis stating that the mode of failure was expected to be the
same for all FRC groups. Several factors might have partici-
pated in the strengthening of the bond between Vectris FRC
and SR Adoro composite. Chemical similarities between the
polymer matrices of the Vectris FRC and SR Adoro may have
improved the bond. On the other hand, the use of a Mylar sheet
and the translucent impression during the polymerization pro-
cess do not permit oxygen to inhibit radical polymerization of
the FRC, allowing for a very thin inhibited layer to remain on
the surface. Additionally, air abrasion might also have increased
the bond strength by increasing the roughness of the FRC sub-
structure.28 Other investigators presume that air abrasion of the
FRC substructure decreases the shear bond strength by remov-
ing the inhibited layer.14 Furthermore, the SR Adoro-Vectris
system uses a low viscosity resin (SR Adoro liner) that might
penetrate into the FRC substrate (intermediate resin, IMR) and
produce a stronger interpenetrating polymer network (IPN).
According to many studies, the IPN considerably increases the
veneering composite/FRC bond strength.19,29,31 As all FRC
specimens had a cohesive and not adhesive failure mode, the
veneering composite/FRC bond was not the problem. Further
investigation is necessary to establish whether the weakest link

was the veneering composite or the substructure material, or
both.

The mode of failure of the control group was predominantly
adhesive. When the fractured surfaces of the FRC specimens
(the FRC substructure surface and the veneering composite
surface) were examined under the optical microscope, fibers
detached from the FRC substructure and attached to the com-
posite fractured surface were noted. On the other hand, there
was no metal detected on the composite fractured surface of
the control group. So, metal substructure is more stable than
the FRC substructure. This fact might also explain the cohesive
mode of failure of the FRC specimens.

According to the results of the present study, the bond
strength of the Ni-Cr base alloy specimens (group E) was sig-
nificantly higher only when compared to group A (flat surface
and unidirectional fibers). When sticks or fiber net were used,
FRCs behaved almost identically to the base alloy, as no statis-
tical difference was found between groups B to E. This finding
was in contrast with the null hypothesis in which the different
types of the FRC substrates were not expected to play any role
in the shear bond strength.

The mean shear bond strength of the metal-composite combi-
nation recorded in this study (19.29 MPa) is in accordance with
other studies.32-34 According to Matsumura et al35 the resin-
metal shear bond strength must exceed 10 MPa to ensure clin-
ically satisfactory results. The most recently developed FRCs,
although not well documented clinically, seem to be a reliable
alternative to the cast alloy substrates for fixed prosthodontics
when sticks or fiber nets are used, as far as their bond to the
indirect composite is concerned. On the other hand, the metal-
composite and FRC composite bond strengths did not exceed
the metal-ceramic bond strength, which, according to ISO 9693
for metal-ceramic dental restorative systems, must be not less
than 25 MPa.36

The exact mechanism of shear bond enhancement when
sticks and fiber net are used is not known. It is possible that
sticks increase the FRC surface that bonds to the indirect
composite. They might also interlock the composite resin and
subsequently increase the shear strength. The fiber net might
increase the bonding surface through the irregularities of its
frame.

In one study22 the effect of fiber orientation on bond strength
between an indirect composite and FRCs was investigated.
Higher bond values were achieved when glass fibers were per-
pendicular and longitudinal to the applied load than when they
were transversal. In the present study, the load applied on the
specimens was in a random direction to the orientation of the
fibers and of the retentive sticks of the substructure, to more
closely imitate clinical conditions, because fiber orientation is
not taken into consideration in the FRC manufacturer’s recom-
mendations on the preparation of the FRC substructure. That
might be the reason for the somewhat high standard deviation
of the bond strengths of the specimens. Other studies of similar
materials have presented a high standard deviation.37,38 Never-
theless, retentive sticks significantly increased the shear bond
strength when used with unidirectional fibers, while the use of
retentive sticks with fiber net did not provide a statistically sig-
nificant increase to the veneering composite/FRC shear bond
strength.
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Unidirectional fibers exhibit high strength when subjected to
transverse forces; therefore, it has been proposed that pontics
of FPDs should be fabricated using unidirectional fibers.39 In
those cases, retentive sticks may also be used to increase the
FRC/indirect composite shear bond strength. Further investiga-
tion is needed to establish how the sticks should be oriented in a
real FPD substructure according to the direction of the occlusal
forces.

Several studies have investigated the bond strength between
FRC and resin composite in various applications. A wide range
of bonding values has been recorded under different exper-
imental conditions. Particularly, Waki et al14 recorded shear
bond strength values varying between 3.0 ± 1.3 MPa and 17.2
± 5.8 MPa. In another study by Keski-Nikkola et al38 values
ranged between 10.8 ± 4 MPa and 21 ± 4 MPa. Lassila et al22

found bonding values at a higher level, between 24.8 ± 6.3
and 44.8 ± 3.4 MPa. In the previous studies, different materi-
als and methodology were used, making a direct comparison
impossible.

In the present study, an estimation of the bond strength of a
veneering composite and an FRC substructure was undertaken
in vitro. In vivo studies of applied forces are more complicated,
as the directions of the forces applied are more difficult to con-
trol. In addition, the modulus of elasticity of the two materials
does not factor in the bond strength in shear testing, whereas
it is an important factor in clinical conditions. It is therefore
not possible to directly translate the result of this in vitro study
to the in vivo situation. The results of this study, however, do
provide guidance in terms of the properties of these materials
tested. Alterations of the orientation of the fibers and of the mor-
phology of the FRC substructure can probably provide better
bond strengths of the veneering composite/FRC substructure
interface and so the FRC prosthetic restoration may function in
the mouth for a longer period of time with no veneering fracture
problems. Further investigation is needed.

Conclusions
The following conclusions may be derived:

1. All FRC specimens exhibited a cohesive mode of failure.
2. When sticks or fiber net was used in FRC substructures,

the bond strength between FRC and indirect composite was
statistically similar to the bond strength between Ni-Cr cast
dental alloy and the indirect veneering composite.
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4. Friskopp J, Blomlöf L: Intermediate fiber-glass splints. J Prosthet
Dent 1984;51:334-337

5. Bjork N, Ekstand K, Ryuter IE: Implant-fixed dental bridges
from carbon/graphite reinforced poly(methyl methacrylate).
Biomaterials 1986;7:73-75

6. Vallittu PK, Sevelinus C: Resin-bonded glass fiber-reinforced
composite fixed partial dentures: a clinical study. J Prosthet Dent
2000;84:413-418

7. Narva KK, Vallittu PK, Helenius H, et al: Clinical survey of
acrylic resin removable denture repairs with glass-fiber
reinforcement. Int J Prosthodont 2001;14:219-224

8. Karmaker AC, Dibendetto AT, Goldberg AJ: Continuous fiber
reinforced composite materials as alternatives for metal alloys
used for dental appliances. J Biomater Appl 1997;11:
318-328

9. Jokstad A, Gokce M, Hjortsjo C: A systematic review of the
scientific documentation of fixed partial dentures made from
fiber-reinforced polymer to replace missing teeth. Int J
Prosthodont 2005;18:489-496

10. Monaco C, Ferrari M, Miceli GP, et al: Clinical evaluation of
fiber-reinforced composite inlay FPDs. Int J Prosthodont
2003;16:319-325

11. Behr M, Rosentritt M, Handel G: Fiber-reinforced composite
crowns and FPDs: a clinical report. Int J Prosthodont 2003;16:
239-243

12. Gohring TN, Roos M: Inlay-fixed partial dentures adhesively
retained and reinforced by glass fibers:clinical and scanning
electron microscopy analysis after 5 years. Eur J Oral Sci
2005;113:60-69

13. Gohring TN, Schmidlin PR, Lutz F: Two-year clinical and SEM
evaluation of glass fibre-reinforced inlay fixed partial dentures: a
clinical study. Am J Dent 2002;15:35-40

14. Waki T, Nakamura T, Wakabayashi K, et al: Adhesive strength
between fiber-reinforced composites and veneering composites
and fracture load of combinations of these materials. Int J
Prosthodont 2004;17:364-368

15. Alander P, Lassila LVJ, Vallittu PK: The span length and
cross-sectional design affect values of strength. Dent Mater
2005;21:347-353

16. Behr M, Rosentritt M, Taubenhansl P, et al: Fracture resistance of
fibre-reinforced composite restorations with different framework
design. Acta Odontol Scand 2005;63:153-157

17. Karmaker A, Prasad A: Effect of design parameters on the
flexural properties of fiber reinforced composites. J Mater Sci
Lett 2000;19:663-665

18. Nakamura T, Waki T, Kinuta S, et al: Strength and elastic
modulus of fiber reinforced composites used for fabricating
FPDs. Int J Prosthodont 2003;16:549-553

19. Lastumaki TM, Kallio TT, Vallittu PK: The bond strength of
light-curing composite resin to finally polymerized and aged
glass fiber-reinforced composite substrate. Biomaterials
2002;23:4533-4539

20. Debnath S, Wunder SL, McCool JI, et al: Silane treatment effects
on glass/resin interfacial shear strengths. Dent Mater 2003;19:
441-448

21. Behr M, Rosentritt M, Bettermann K, et al: The influence of
electron beam irradiation on the shear bond strength of
glass-reinforced frameworks and veneer composites. J Mater Sci
Mater Med 2006;17:659-665

22. Lassila LV, Tezvergil A, Dyer SR, et al: The bond strength of
particulate-filler composite to differently oriented fiber-reinforced
composite substrate. J Prosthodont 2007;16:10-17

23. Antonopoulou A, Hatzikyriakos A, Papadopoulos T, et al: Shear
bond strength of a light-cured veneering composite to
fiber-reinforced composite substrates. Int J Prosthodont
2008;21:45-49

458 Journal of Prosthodontics 21 (2012) 451–459 c© 2012 by the American College of Prosthodontists



Antonopoulou et al Bond Strength of Indirect Composite to FRCs

24. ISO 10477:2004. Dentistry: Polymer-Based Crown and Bridge
Materials. Geneva, Switzerland: International Organization for
Standardization

25. Tenjoma LT, Nicholls JI, Townsend JT, et al: Chemical retention
of composite resin to metal. Int J Prosthodont 1990;3:78-88

26. Seimenis I, Sarafianou A, Papadopoulou H, et al: Shear bond
strength of three veneering resins to a Ni-Cr alloy using two
bonding procedures. J Oral Rehabil 2006;33:600-608

27. Lastumaki TM, Lassila LV, Vallittu PK: The
semi-interpenetrating polymer network matrix of fiber-reinforced
composite and its effect on the surface adhesive properties. J
Mater Sci Mater Med 2003;14:803-809

28. Rosentritt M, Behr M, Leibrock A, et al: Intraoral repair of fiber
reinforced composite fixed partial dentures. J Prosthet Dent
1998;79:393-398

29. Kallio TT, Lastumaki TM, Vallittu PK: Bonding of restorative
and veneering composite resin to some polymeric composites.
Dent Mater 2001;17:80-86

30. Kallio TT, Lastumaki TM, Vallittu PK: Effect of resin
application time on bond strength of polymer substrate repaired
with particulate filler composite. J Mater Sci Mater Med
2003;14:999-1004

31. Vallittu PK, Ruyter IE, Nat R: The swelling phenomenon of
acrylic resin polymer teeth at the interface with denture base
polymers. J Prosthet Dent 1997;78:194-199

32. Petridis H, Garefis P, Hirayama H, et al: Bonding indirect
resin composites to metal: part 1. Comparison of shear bond
strengths between different metal-resin bonding systems
and a metal-ceramic system. Int J Prosthodont 2003;16:
635-639

33. Petridis H, Garefis P, Hirayama H, et al: Bonding indirect resin
composites to metal: part 2. Effect of alloy surface treatment on
elemental composition of alloy and bond strength. Int J
Prosthodont 2004;17:77-82

34. Almilhatti HJ, Giampaolo ET, Vergani CE, et al: Shear bond
strength of aesthetic materials bonded to Ni-Cr alloy. J Dent
2003;31:205-211

35. Matsumura H, Kawahara M, Tanaka T, et al: Surface
preparations for metal frameworks of composite resin veneered
pros-theses made with an adhesive opaque resin. J Prosthet Dent
1991;66:10-15

36. ISO 9693 for Metal-Ceramic Dental Restorative Systems, ed 1.
Geneva, Switzerland: International Organization for
Standardization, 1991

37. Shi L, Fok AS: Structural optimization of the fibre-reinforced
composite substructure in a three-unit dental bridge. Dent Mater
2009;25:791-801

38. Keski-Nikkola MS, Alander PM, Lassila LV, et al: Bond strength
of Gradia veneering composite to fibre-reinforced composite. J
Oral Rehabil 2004;31:1178-1183

Journal of Prosthodontics 21 (2012) 451–459 c© 2012 by the American College of Prosthodontists 459



Copyright of Journal of Prosthodontics is the property of Wiley-Blackwell and its content may not be copied or

emailed to multiple sites or posted to a listserv without the copyright holder's express written permission.

However, users may print, download, or email articles for individual use.


