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Aim: The purpose of this study was to examine and compare the stress distribution on simulated
anterior FPD models by using a fiber reinforced composite framework, modified with 2 types of
fibers – polyethylene and glass fiber reinforced – and of standardized thickness. Materials and
Methods: A three-unit FPD replacing the maxillary lateral incisor was constructed using finite
element analysis software. A fiber framework of the pontic was designed with three variations: with
the main framework curved labially (FRC1), located in the center (FRC2), or curved lingually
(FRC3). Each framework was compared with a hybrid composite FPD without any fiber
reinforcement. A lateral load was applied to the three different loading points of the pontic 0mm,
3mm, and 6mm from the incisal edge, each representing loading conditions 1, 2, and 3, respectively.
Stress analysis was by using two dimensional finite element method. Results: Maximum principle
stresses developed in both the crown as well as the dentin of glass fiber reinforced composite anterior
FPD was seen to be lesser than that developed in the same of polyethylene reinforced composite
anterior FPD for all three loading conditions. Conclusion: Tensile stresses in the crown of glass fiber
reinforced composite is less than that observed in the crown of polyethylene reinforced composite.
Hence glass reinforced composite has more strength against masticatory forces.
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INTRODUCTION
Prosthodontic dentistry deals with a variety of different clinical
situations. Amongst the many cases seen in the field of
prosthodontics, a common case is that of a single missing
anterior tooth. It could be due to many reasons like
congenitally missing teeth, accidents, caries, cases of abuse or
fights, etc. Some of the treatment plans for such a case are
treatment partial dentures, implant dentures, conventional
bridges, resin bonded fixed partial dentures and fiber
reinforced composite bridges. When considering a case of a
single missing anterior tooth, esthetics is a major concern.
Hence, treatment partial dentures, though economic, do not
meet the esthetic demand of many patients.Implant dentures on
the other hand are highly esthetic. However they are expensive
and highly invasive. The replacement can also be made via
conventional porcelain-fused-metal bridges or resin bonded
FPDs. The former is the most invasive treatment in terms of
tooth reduction and could be esthetically compromised with
gingival contour modifications. The latter is less invasive, but
the non-esthetic aspect of the metal framework, necessity of
dental reduction or preparation, challenging long-lasting
bonding of metal to tooth, and lack of longevity could limit its
use (Amir Chafaie et al., 2004). Fiber reinforced composite
(FRC) bridges represent an interesting alternative to
conventional metal bridges (Vallittu et al., 2004).

Oral restorations using minimal amount of metal are in high
demand due to an increasing interest in esthetics and
biocompatibility (Wataha et al., 2002; Al-Hiyasat et al., 2003;
Aoyagi et al., 2004). The new generation of composite resins
with dentin and enamel shades provides very good esthetic
results by reproducing the natural aspect of the tooth, mainly in
the incisal third of anterior teeth (Vanini et al., 1996). The use
of unreinforced composite resins as the structural material for
bridges often result in fracture (Amir Chafaie et al., 2004). The
fracture resistance of these composites can be effectively
increased by reinforcing them with fibers. Fiber-reinforcement
has been introduced to increase both flexural strength and
modulus of these materials. FRC prostheses offer the potential
advantages of optimized esthetics, low wear of the opposing
dentition and the ability to bond the prosthesis to the abutment
teeth, thereby compensating for less-than-optimal abutment
tooth retention and resistance form. They have good rigidity
against masticatory forces, low weight and are economically
feasible restorations. It has been said that the strength of FRC
and veneering composite laminates can be increased by placing
the FRC layer as a substructure which will be subjected to
tensile stress (Ellakwa et al., 2001). Hence, if the FRC is
placed at the bottom of the pontic to sustain tensile stress
produced during mastication, stress that will apply to the
veneering composite may be decreased to reduce the risk of
fracture (Takashi Nakamura et al., 2005). This study was
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conducted to examine stress distribution on simulated anterior
FPD models by using a FRC framework. Simulated FPDs was
modified with 2 types of fibers – polyethylene and glass fiber
reinforced – and standardized thickness. Different methods can
be used for analyzing stress distribution. Some of the popular
methods are photo elasticity stress analysis, strain gauge,
pressure transducer and finite element (FE) analysis. Stress
analysis for this study was done by using 2 dimensional finite
element method.

Table 1.
Material
Glass fiber reinforced comoposite Longitudinal
Transverse
Polyethylene reinforced composite
Veneering composite
Luting cement
Dentin
Pulp
PDL
Alveolar bone

MATERIALS AND METHODS
Finite element method was used to create 2-dimensional
models of a 3-unit FPD for a missing maxillary lateral incisor.
Each model consisted of 2905 nodes and 5559 elements. 2dimensional triangular elements were used (Figure 1). The
crown thickness was 1.5mm at the incisal surface and 1mm at
the margins. Shoulder margin design was used. For the fiber –
reinforced composite (FRC) of the framework, an experimental
BR-100 (Kuraray) was used. Two types of FRCs were used –
glass reinforced and polyethylene reinforced. The FRC was
placed in such a manner that it interlocked the retainer and
pontic. A thickness of 0.8mm was placed at the bottom of the
pontic (Figure 2).

Elastic modulus
(GPA)
39
12
0.5
21
18
14
0.01
0.01
12

Poisson’s
ratio
0.35
0.11
0.46
0.27
0.30
0.15
0.49
0.49
0.15

Load case 1 => vertical (Figure 3)

Load case 2 => oblique (45degree) (Figure 4)

Figure 1. 2-dimensional triangular elements were used

Load case 3 => horizontal (Figure 5)

Figure 2. Two types of FRCs were used – glass reinforced and
polyethylene reinforced. The FRC was placed in such a manner
that it interlocked the retainer and pontic. A thickness of 0.8mm
was placed at the bottom of the pontic

Since BR-100 had anisotropy its material constants were
measured in both longitudinal and transverse directions and
were used for analysis. In (Table 1), the materials used with
their respective elastic modulus and poisson’s ratio were listed.
Bottom portion of the bone was fixed in all directions. Load of
50N simulating masticatory forces was applied in 3 different
directions.

The element coordinate system was used considering the
anisotropy of the FRC. Tensile stress was examined using a
finite element structural analysis software since the fracture of
brittle materials such as composites was chiefly due to tensile
stress. The maximum tensile stresses in the crown and dentin,
on different loading conditions, of the two types of FRCs were
analyzed and compared.

RESULTS
For glass reinforced composite anterior FPD




Max tensile stress - vertical loading is around 55 MPa
Max tensile stress - oblique loading is around 21.3 MPa
Max tensile stress - horizontal loading is around 35.6 MPa
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In (Graph 2), the stresses produced in the dentin of the two
types of FPDs were compared for each loading condition.

Figure 6. Max principle Stresses in Crown




Max tensile stress - vertical loading is around 5.11 MPa
Max tensile stress - oblique loading is around 22.5 MPa
Max tensile stress - horizontal loading is around 32.2 MPa

Graph 2.

DISCUSSION
Figure 7. Max principle Stresses in Dentin
For polyethylene reinforced composite anterior FPD




Max tensile stress - vertical loading is around 24.06 MPa
Max tensile stress - oblique loading is around 33.52 MPa
Max tensile stress - horizontal loading is around 48.21 MPa

Figure 8. Max principle Stresses in Crown




Max tensile stress - vertical loading is around 70.19 MPa
Max tensile stress - oblique loading is around 35.5 MPa
Max tensile stress - horizontal loading is around 57.88 MPa

Figure 9. Max principle Stresses in Dentin

In [Graph 1], the stresses produced in the crowns of the two
types of FPDs were compared for each loading condition.

Graph 1. Stress comparison in crown

While considering the various therapeutic options for the
replacement of a congenitally or traumatically missing
permanent anterior tooth, FRC bridges represent an interesting
alternative to the commonly opted conventional metal bridges.
They could be made directly or indirectly using an artificial
plastic tooth or the avulsed tooth (Aoyagi et al., 2004; Belli
and Ozer, 2000) or by adirect build up composite resin tooth
with (Feinman and Smidt, 1997; Miller, 1993) or without (Van
Wijlen, 2000) porcelain veneering. FRC bridges involve little
or no tooth reduction thereby making them no-invasive or
minimally invasive procedures. They are relatively easy to
fabricate and repair with impressive bondability. In order to
reduce the risk of fracture, the FRC layer is placed at the
bottom of the pontic. The layer sustains the tensile stress
produced during mastication, reducing the stress applied to the
veneering composite (Takashi Nakamura et al., 2005). On
finite element analysis, the stresses induced in polyethylene
and glass fiber reinforced composites were studied and on
subsequent comparison, it was observed that higher stresses
were induced in polyethylene. Chong K H demonstrated in
2003 that when glass fiber-reinforced composite materials
were used in an FPD, those consisting of unidirectional fibers
are employed for the inner part of the appliance because they
have a greater strength than composite materials reinforced
with woven fibers (Chong and Chai, 2003). Loose et al
reported that FPDs reinforced with FRC showed a higher
strength than all-ceramic FPDs (Loose et al., 1998). However,
in actual clinical situations, fiber-reinforced composite FPDs
often pose a problem of poor strength in the veneering
composite area (Behr et al., 2003). In 2003, Li et al. (2004) did
a finite element (FE)study on FRC bridges. The FE model
adopted was constructed from computer tomography images of
a physical bridge specimen. The peak stresses and their
variations with the different bridge designs were evaluated.
The analysis showed stress concentration at the ponticabutment interface, which results in failure at the interface.
The numerical analysis of the bridge structure reveals that a
high stress concentration occurs around the incisal portion of
the adhesive interfaces between the pontic and abutment.
Shinya et al. in 2008 studied the stress distribution in anterior
FPDs and at tooth/framework interface. The design of FPD
consists of retainers in maxillary central and canine and pontic
lateral incisor. Two different materials were compared:
Isotropic Au-Pd alloy and anisotropic continuous
unidirectional E-glass FRC. A 3-D FE model of 3 U FPD with
153N loading was analyzed to determine the stress distribution
at FPD and adhesive interface. The general observation was
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that the FRC-FPD provided more even stress distribution from
the loading contact point to cement interface than did metalFPD.
Conclusion
Through this study it is observed that the tensile stresses in the
crown of glass fiber reinforced composite is less than that
observed in the crown of polyethylene reinforced composite.
Hence glass reinforced composite has more strength against
masticatory forces. The study was performed under static
loading conditions. In actual clinical settings, bite force is
repeatedly applied and the appliance needs to withstand such a
severe conditions. Further research can be done to observe the
longevity of the FRC-FPD in a clinical study.
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