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ABSTRACT

Fixed bridge made of porcelain fused to metal (PFM) is one of the widely used dentures. However, this type of 
denture is easily broken and cracked. As an alternative, a fixed bridge made of fiber-reinforced composite (FRC) 
is produced with more benefits since it is more efficient in terms of time and cost. The purpose of this research 
is to find out the effect of type and fiber position on the transverse strength of an FRC bridge. The experiment 
involved 35 rod of FRC with the dimensions of 25x2x2 mm3. Subjects were divided into seven groups, each of 
which containing five subjects. Group I, II, III was reinforced with glass fiber on compression side, neutral side, and 
tension side. Group IV, V, VI were reinforced with polyethylene (PE) fiber on compression side, neutral side, and 
tension side. Group VII was not reinforced with any fiber. Rods were tested for transverse strength with universal 
testing machine and all data were analyzed with two way ANOVA at 95% confidence level. The results showed that 
type and position of fiber had a significant effect (p<0.05), while the interaction between type and position of fiber 
had no significant effect (p>0.05). Least significance different post hoc test showed significant difference (p<0.05) 
for all groups, except between compression and no fiber. The conclusion of this research was that addition of glass 
fibers on tension side in bridge FRC increased the transverse strength to be higher than that with PE fibers. Fiber 
placement on tension side might improve the transverse strength than that of the other side.
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INTRODUCTION
In 2018 the number of denture users in Indonesia 
amounted to 1.4% of the population, most of 
whom were citizens over the age of 65.1 The most 
commonly used type of denture of the various 
types available is the conventional fixed denture 
made of porcelain fused to metal (PFM). However, 
this type of denture has many shortcomings since 
it is easily broken and cracked. Also, the metal 
alloy material used for the denture can suffer from 
corrosion.2

To overcome the shortcoming of metal alloy, 
there has been an attempt to widely develop the 
use of fiber in dentures. This is because fiber can 
improve physical and mechanical properties of 
denture since fiber can easily be formed, easily be 
set up, and has good aesthetic properties.3 The 
most commonly used fibers in dentistry are glass 
fiber and polyethylene fiber.4 Meanwhile, the type 

of fiber most commonly added to the denture is 
glass fiber.2 Glass fiber material with a directional 
structure has twice the strength and flexibility of 
polyethylene fiber, but glass fiber has less rigidity 
and often shows cracks on the surface.5

The mechanical properties of FRC are 
influenced by the volumetric fraction, location, 
and direction of the fiber.6 To obtain good 
mechanical strength, the FRC construction is 
placed in a position that experiences tension in 
the specimen, while to obtain higher strength in 
construction, fiber is placed vertically so that there 
will be many layers of fiber that will distribute the 
load.7 In certain clinical conditions, fixed dentures 
will receive various forces during mastication, 
including compressive, tensile, and shear forces.8 
To analyze the type and position of fixed denture 
made of FRC, the researcher can perform a 
transverse strength test. The transversal strength 
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test is still the most widely used mechanical 
properties test for fixed denture materials and the 
results of which can be helpful for developing and 
comparing clinically used products.2 

MATERIALS AND METHODS 
This research has received an ethical clearance 
from the research ethics committee Faculty of 
Dentistry, Universitas Gadjah Mada number 00690/
KKE-P/FKG-UGM/EC/2016. The experiment 
involved 35 rod of FRC with the dimensions 
of 25x2x2 mm3. Glass fiber was obtained from 
GrandTEC (VOCO, Germany) dan polyethylene 
fiber from CONSTRUCT (Kerr, USA). Subjects 
were divided in to 7 groups, each of which 
containing 5 subjects. Group I was reinforced 
with glass fiber on compression side, group II was 
reinforced with glass fiber on neutral side, group 
III was reinforced with glass fiber on tension side, 
group IV was reinforced with polyethylene fiber on 
compression side, group V was reinforced with 
polyethylene fiber on neutral side, group VI was 
reinforced with polyethylene fiber on tension side, 
while group VII was not reinforced with any fiber. 

FRC samples was made with the addition of 
glass fiber on the compression side, firstly, the metal 
mold located on top of the glass slide was filled 
with composite resin. Then, each glass fiber piece 
was given 1 drop of silane on each side and was 
rinsed with a microbrush three times before being 
exposed to light for 10 seconds. Using tweezers, 
the fiber sheet was placed into the mold leaving 
a thickness of 0.5 mm as a place of composite 
resin.9 The measurement of 0.5 mm thickness was 
conducted with a probe. Afterwards, a composite 
resin was applied at the top until it was as high 
as the mold, then it was covered with glass slide 
and irradiated with light curing unit. The irradiation 
was divided into 3 parts along the specimen, each 
for 40 seconds on both sides of the sample. The 
FRC plate was then polished with polishing discs 
and measured again with the calipers. The same 
method as sample preparation was applied to 
make FRC samples with the addition of glass fiber 
on the neutral side. The fiber was placed on the 

compression side. However, for the neutral side 
position, the fiber was placed 1 mm from the mold 
base by firstly applying composite resin to the 
mold as high as 1 mm. The same method as the 
sample preparation was also used to make FRC 
samples by adding glass fiber to the tension side, 
with the position of the fiber on the compression 
side or neutral side. However, for the tension side 
position, the fiber was placed as high as 0.5 mm 
from the mold base by firstly applying composite 
resin on the 0.5 mm high mold. 

To make FRC samples by adding 
polyethylene fiber to the compression side, firstly, 
the metal mold located on top of the glass slide 
was filled with composite resin. Then, each piece 
of polyethylene fiber was given one drop of silane 
on each side, and swapped with a microbrush 
three times on each side before being irradiated 
for 10 seconds. Using tweezers, the fiber sheet 
was placed into the mold, leaving a thickness of 
0.5 mm as a composite resin spot. The thickness 
of 0.5 mm was measured with a probe. After that, a 
composite resin was applied at the top until it was 
as high as the mold and covered with glass slide 
and irradiated with light curing unit. The irradiation 
was divided into 3 parts along with the specimen, 
each of which for 40 seconds on both sides of the 
sample. Furthermore the FRC plate was polished 
with polishing discs and measured again with 
the calipers. The same method as the sample 
preparation was applied to make FRC samples 
by adding polyethylene fiber to the tension side, 
with the position of the fiber on the compression 
side or neutral side. However, for the tension side 
position, the fiber was placed as high as 0.5 mm 
from the mold base by firstly applying composite 
resin on the 0.5 mm high mold. 

For samples without fiber addition as a control 
group, the metal mold located on top of the glass 
slide was filled with composite resin until it was 
as high as the mold. Afterwards, it was covered 
with glass slide and irradiated with light curing unit. 
The irradiation was divided into 3 parts along the 
specimen, each of which for 40 seconds on both 
sides of the sample. The plate was then polished 
by polishing the disc and measured again with a 
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caliper. Before the mechanical strength test was 
carried out, the sample was stored in an incubator 
by soaking it in an aquadest at 37 °C for 24 hours. 
This immersion process was aimed to obtain the 
same conditions with that of the oral conditions 
and equilibrium water sorption.10 

Afterwards, it was proceeded with the 
transversal strength testing at the Laboratory of 
Mechanical Engineering and Industrial Materials, 
Faculty of Engineering, Universitas Gadjah Mada. 
Transversal strength testing of samples was 
conducted in the form of fiber reinforced composite 
rods of 25x2x2 mm size and various positions. 
Transversal strength tests were carried out by 
universal testing machine. 

analyzed by two-way ANOVA test. The test was 
conducted to determine the variation in type 
and position of fiber. The F calculation for the 
type variable and the position variation showing 
significance (p<0.05). Variations in the type and 
position of fiber have a significant effect on the 
transversal strength. The interaction between type 
variables and fiber position showed no significant 
effect on transverse strength (Table 2).

The LSD analysis for type variations showed 
that there were significant differences between 
the mean of transverse strength in all groups 
(p<0.05) (Table 3). The group reinforced by 
glass fiber had higher transverse strength than 
polyethylene fiber group.

The results of the LSD analysis for position 
variations showed that there were significant 
differences between the mean transversal 
strength in all treatment groups (p<0.05), except 
that there were no significant differences between 
the compression and fiber-free positions (p>0.05) 
(Table 4).

DISCUSSION
Transversal strength is the ability of a material to 
resist transverse forces, namely a combination 
of tensile, compressive, and shear forces while 
functioning in the mouth both in the posterior and 
anterior regions. This study shows an increasing 
tendency of the mean transversal strength of the 
FRC group with fiber placed at the bottom of the 
specimen with either polyethylene or glass fiber. 
When a rod object is given a load, there will be a 
pressure distribution. Pressure on homogeneous 
material will be distributed evenly to all parts of the 
material.12 It is possible to consider an FRC as a 
homogeneous material even though it may consist 
of different materials. An FRC with a homogeneous 
nature will have a different transverse strength 
when it has a different fiber position. Fiber placed 
on the surface of the FRC will have the lowest 
transverse strength. Fractures on FRC are easy 
to occur if the bottom of the FRC is supported with 
a larger composite matrix. Fiber plays a significant 
role in distributing pressure on FRC. The resultant 8

Figure 1. Placement of samples on universal testing 
machine11

RESULTS
In general, the mean of transverse strength in all 
groups of various types and positions showed an 
increasing tendency of the FRC transverse strength 
from the position of compression to tension, and 
the types of fiber ranging from polyethylene to 
glass fiber (Table 1). 

The transversal strength normality test showed 
p>0.05 for all groups. Thus, it was concluded that 
the data for each group were normally distributed. 
The test of the transversal strength homogeneity 
showed p>0.05, which indicated the homogeneous 
distribution of data, therefore the data can be 
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force that is passed on braided (polyethylene) 
type fibers is smaller than that in unidirectional 
(glass) fibers. The fiber angle of the axis on the 
braided fiber plays a significant role in producing 
the smaller passed resultant force.13

Different types of fiber will lead to a 
significantly different result, and glass type fiber 
produces higher transverse strength in the FRC 
stem. Many studies reveal some factors affecting 
the strength of fiber reinforced composites, 

Table 1. Average and standard deviation of transverse strength (MPa) of GTC based on FRC with different positions and types 
of fiber 

 Group
---------------------------------------------------------------

n
------------

Average
------------

SD
-----------------

Polyethylene fiber of compression position 5 61.99 10.51

Polyethylene fiber of neutral positon 5 77.09 17.48

Polyethylene fiber of tension position 5 159.34 89.14

Glass fiber of compression position 5 242.03 80.32

Glass fiber of neutral position 5 246.96 65.07

Glass fiber of tension position 5 350.74 99.71

Fiber Free 5 58.03 3.57

Table 2. Summary of the two-way ANOVA statistics on GTC transverse strength made of FRC between groups with variables 
(type and position) 

Variables df F p

Type 1 8.72* 0.004

Position 2 36.28* 0.000

Interaction between type of position 2 1.416* 0.224

*= significantly different (p<0.05)

Table 3. Summary of the transverse LSD test on GTC made of FRC with fiber type variables 

Variables Polyethylene Glass Fiber free

Polyethylene 66.188* -97.064*

Glass -164.252*

Fiber Free

*= significantly different (p<0.05)

Table 4. Summary of the transverse LSD test of GTC made of FRC with fiber position variables 

Variable Compression Neutral Tension Fiber free

Compression 130.133* 228.3* -10.514

Neutral 97.167* -141.646*

Tension -238.814*

Fiber free

*= significantly different (p<0.05)
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which include fiber length, fiber orientation, fiber 
shape, fiber adhesion in polymer matrices, and 
impregnation of fiber with resin.14 This study used 
silane smeared glass fiber from the manufacturing 
factory. Modification of fiber surface using silane 
as found in glass fiber is known to increase the 
adhesion between fiber and composite matrix, 
which can increase the mechanical strength of 
fiber reinforced composite.15 Glass fiber with silane 
content as a coupling agent can avoid fissures 
between fibers and composite matrix, thereby 
reducing the possibility for water absorption by 
resin.16 The use of silane coupling agent results 
in glass fiber binding to the composite matrix.17 
The hydrolyzed group of silane will react with 
silica on the fiber surface and the organofunctional 
silane group will bind to the composite matrix to 
form strong covalent bonds. The alkoxy group is 
hydrolyzed into silanol and will form a cross bond 
with the surface of the hydroxyl group of glass 
material. The bond combination will increase the 
bonding and hydrolytic stability of the siloxane 
layer between composite resin and glass fiber.18 
The surface of polyethylene fiber used in this study 
has been modified in the form of plasma treatment. 
Plasma treatment can improve interfaces shear 
strength and energy absorption, thereby increasing 
the adhesion strength between fiber and resin.19 

Placing glass fiber at the bottom of the FRC 
will increase the transverse strength of the FRC. 
In the transversal strength test, the bottom of the 
FRC will be drawn and results in a deflection. The 
fiber placed at the bottom of the FRC can distribute 
the pressure and produce a resultant force that 
is smaller than the composite matrix at the top 
of the FRC. The resultant force at the bottom of 
the FRC will never trigger a pull, which results in 
deflection. Small pressure on FRC will make FRC 
able to withstand deflection due to the transverse 
strength test. Most fractures occur because of the 
component of tensile pressure. Fiber placement on 
the pull side makes tensile pressure be distributed 
to FRC. On the other hand, fiber placed away from 
the side of the tension and closer to the surface of 
the specimen, which experiences a compression 
load, will decrease the transverse strength.20

The void of interaction between type and 
position of fiber in transverse strength, according 
to the previous research, showed that in the 
tension position there is no relationship between 
transverse strength and fiber type and volume 
because the type and volume of fiber has little 
effect on the transverse strength.21 Fiber design 
such as fiber placement has more significant 
impact than fiber type.6 The effect of fiber position 
is more dominant in influencing the mechanical 
properties of FRC. Thus, to optimize the effect of 
fiber, fiber addition must be placed on the tension 
side.22 

CONCLUSION
The type of fiber type is proven to impact on the 
transverse strength of fiber reinforced composite 
bridge. Glass fiber can increase transverse 
strength to be higher than polyethylene fiber. The 
fiber position has an impact on the transverse 
strength of fiber reinforced composite bridge. Fiber 
with a tension position can increase the transverse 
strength of fiber reinforced composite bridge to be 
higher than the other positions. 
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