
ASIAN JOURNAL OF CHEMISTRYASIAN JOURNAL OF CHEMISTRY
http://dx.doi.org/10.14233/ajchem.2016.19778

INTRODUCTION

Recently, there are some materials developed for crown
and bridge. The most commonly used material which is
preferred by the clinicians is the porcelain fused-to metal, a
metal ceramic glass like material that is enameled on top of
metal shell [1]. Unfortunately, as popular and successful as
this material is, it still exhibits shortcomings which frequently
causes clinical problems. The metal alloys commonly used
may corrode and the ceramic materials such as porcelain is also
brittle [2]. Over the last few years, the development of fiber-
reinforced composite (FRC) has offered the dental profession
the possibility of fabricating resin-bonded, esthetically good
and metal-free tooth restorations for single and multiple teeth
replacement [3]. Fiber-reinforced composite is a composite
material with fine thin fibers as reinforcement which is good
in its tensile strength and flexural modulus [4]. Basically FRC
has at least two distinct constituents. The reinforcing component
gives good strength and stiffness, while the surrounding matrix
supports reinforcement [2]. Generally glass fibers have high
tensile strength, excellent impact and compression properties
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There are concerns that dental materials based on bis-phenol-A-glycidylmethacrylate (bis-GMA) may be hazardous. Alternative monomers
such as 1,6-hexanediol dimethacrylate (HDDMA) is under research. This research aimed to determine the effect of resin matrix compositions
on the biomechanical properties of E-glass fiber-reinforced composite (FRC) using bis-phenol-A-glycidylmethacrylate (bis-GMA),
methylmethacrylate (MMA), 1,6-hexanediol dimethacrylate (HDDMA), camphorquinone (CQ) and N,N-cyanoethyl methylaniline (CEMA).
The ratios of the resin matrices (weight %) were 78.4 % bis-GMA + 19.6 % MMA + 1 % CQ + 1 % CEMA (control-group), 78.4 %
HDDMA + 19.6 % MMA + 1 % CQ + 1 % CEMA (EXP1-group) and 49 % HDDMA + 49 % MMA + 1 % CQ + 1 % CEMA (EXP2-
group). E-glass fibers were embedded in matrix and light-cured for 3 × 40 s. Three-point bending (2 × 2 × 25) mm and Vicker’s hardness
(2 × 2 × 5) mm were examined (n = 6) by a universal testing machine (Torsee’s UTM, Japan) and a micro-hardness tester (MTX70
Matsuzawa, Japan). The data were analyzed by ANOVA. Bending measurement revealed the mean value of control-group (674.1 ± 9.9)
MPa was higher than EXP1-group (638.1 ± 8.6) MPa and EXP2-group (448.3 ± 7.8) MPa. The ANOVA showed significant difference in
bending values among the groups (p < 0.05). Hardness measurement proved EXP1-group mean value (179.1 ± 2.5) VHN was higher than
control-group (181.5 ± 11.5) VHN and EXP2-group (168.2 ± 7.9) VHN. The ANOVA proved there was significant difference (p < 0.05)
in hardness values. In conclusion, a resin matrix system based on HDDMA-MMA (EXP1-group) showed comparable flexural strength
and hardness properties to bis-GMA-MMA (control-group) system.
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which make them more desired reinforcing material [5]. In
FRC with an interpenetrating polymer network (IPN) structure,
the matrix consists of a crosslinking polymer, a linear polymer
and a photoinitiator to react the polymerization [6]. One of the
most widely used resin matrix which forms highly crosslinking
polymer structures is bis-phenol-A-glycidylmethacrylate (bis-
GMA) [7] (Fig. 1). A linear polymer such as methyl methacrylate
(MMA) [6] is joined or bridged to form a crosslinking polymer
[8]. The photoinitiator includes a photosensitizer and a reducing
agent. Camphoroquinon (CQ) and N-N-cyanoethyl methylaniline
(CEMA) are the common used photosensitizer and reducing
agents [6]. Released compounds might cause biological
reactions [9] and a case of allergic contact from bis-GMA was
reported [10]. Since the use of bis-GMA is considered to be
relatively hazardous, nowadays the use of other matrices are
gaining more and more interest. Resin matrix of 1,6-hexanediol
dimethacrylate (HDDMA), Fig. 2 has similar reactive groups
to bis-GMA. The HDDMA properties are low viscosity, fast
curing monomer with low volatility, hydrophobic backbone
and good solvency for use in free radical polymerization
[11,12].
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Fig. 1. Structure of bis-phenol-A-glycidylmethacrylate (bis-GMA)
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Fig. 2. Structure of 1,6-hexanediol dimethacrylate (HDDMA)

The 1,6-hexanediol dimethacrylate (HDDMA) features
water repellency property (hydrophobic). It is used as a
functional monomer for polymers and as a crosslinking agent
between the molecular chains of polymers. Applications of
HDDMA include adhesives and sealants, coatings, elastomer,
photopolymers electronics, improved adhesion, hardness,
abrasion and heat resistance. The toxicological properties of
HDDMA are reported not to produce mutagenic, embryotoxic,
teratogenic, or reproductive effects in humans. Related to the
carcinogenicity, it is reported that none of HDDMA components
are listed by IARC, NTP, OSHA, or ACGIH as carcinogens [12].

The mechanical strength of FRC depends on the impreg-
nation of fibers within the resin matrix and adhesion of fibers
to the matrix [13-15]. Others factors which influence the
properties of FRCs are quantity of fibers and orientation of
fibers [15-18]. Failure of the FRC by external force can happen
by cracking of the polymer matrix, the fiber or at their interface
[19,20]. It was known that the chewing forces in human in the
range of 98.1-294.3 MPa. The flexural strength of prostho-
dontic metal alloys typically are around 500-750 MPa and the
hardness of gold alloy around 250 VHN [2,21].

The objective of this study was to examine the effect of
resin matrix composition including bis-GMA based and
HDDMA based compositions on the biomechanical properties
of E-glass FRC. Moreover this study aimed to determine the
best resin matrix ratios of HDDMA-MMA which produced
good mechanical properties compared to the bis-GMA-MMA
matrix system.

EXPERIMENTAL

The materials used in this study were bis-GMA (Sigma-
Aldrich, USA), MMA (ProSciTech, Australia), HDDMA
(Esstech, USA), CQ (Esstech, USA), CEMA (Esstech, USA)
and E-glass fibers (Ahlstrom, Finland). The E-glass fibers
(R338-2400/V/P) were already silanized by the manufacturer
and kept in a desiccator for 24 h prior to specimen preparation.
The fibers were sized by immersion in a sizing solution (50 %
wt % bis-GMA + 50 % wt % MMA for the control-group;
50 % wt % HDDMA + 50 % wt % MMA for the experimental
groups for 1 min. The sized fibers were cut into 25 mm long
with a surgical steel knife for the preparation of test specimens
[22].

Two bundles of 25 mm long fibers were placed along the
long axis of the specimen into the mould and embedded
into the resin matrix with different compositions as shown in
Table-1.

TABLE-1 
MATRIX COMPOSITION (wt %) 

Component 
Group 

bis-GMA MMA HDDMA CQ CEMA 
Control 
EXP1 
EXP2 

78.4 
0 
0 

19.6 
19.6 
49.0 

0 
78.4 
49.0 

1 
1 
1 

1 
1 
1 

 
Each group of matrix composition consisted of 6 specimens.

Total eighteen specimens with the dimension of (2 × 2 × 25)
mm were prepared [6]. All specimens were light-cured on both
sides with a light curing unit (Woodpecker, USA) for 3 × 40 s.
After light-curing, all specimens were polished by polishing
paper (360 grit) [22]. The specimens were immersed in distilled
water for 24 h, 37 °C before mechanical testing.

The mechanical tests were carried out (n = 6) for each
matrix composition group on three-point bending test and
Vickers hardness test. Three-point bending test used a universal
testing machine (Torsee’s UTM, Japan). The span between
the two supports was 20 mm and the crosshead speed was 1
mm/min during testing. Load and deflection were recorded
and plotted. The maximum load of the load-deflection curve
was used to calculate the flexural strength by the following
formulae [23]:

Ó = 3 FL/2bd2

Ó = fleksural strength (MPa); F = maximum load in the load-
deflection curve (Newton); L = span between the two supports
(millimeter); b = width of the specimen (millimeter); d = height
of the specimen (millimeter).

Vickers hardness test was conducted according to ISO
6507-2. A microhardness tester (type MTX 70 Matsuzawa,
Japan) was utilized to carry out the test. A load of 0.245 Newton
and a loading duration of 20 s were used. Time delay from
applying the indenter to the determination of the hardness value
was standardized to 10 s [5].

The data on mechanical test were analyzed by SPSS
software. The level of statistical significant p was set as 0.05.
The data normality was examined by Kolmogorov-Smirnov
test. One way analysis of variance (ANOVA) followed by Post
hoc least significant different (LSD) test were carried out. The
dependent variables (hardness and flexural strength in 3-point
bending test) were compared with independent factor (resin
matrix composition).

RESULTS AND DISCUSSION

Table-2 showed the mean values of flexural strength
of FRC materials with different matrix compositions. Each
composition consisted of 6 replication samples.

Table-2 showed the control group had the highest flexural
strength value while the EXP2-group had the lowest value.
The flexural strength mean value of the control-group and
EXP1-group was nearly similar. The data of flexural strength
values of FRC with different matrix compositions were tested
for normality distribution by Kolmogorov-Smirnov test. It
was proved that all of the 3 group matrix compositions had
significant value more than 0.05; therefore it was concluded
that the data had normal distribution and could be analyzed
further by ANOVA. The ANOVA in Table-3 showed statistically
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TABLE-2 
FLEXURAL STRENGTH OF  

FIBER-REINFORCED COMPOSITE (MPa) 

Matrix composition Mean ± SD 
Control-group 
EXP1- group 
EXP2-group 

674.1 ± 9.9 
638.1 ± 8.6 
448.3 ± 7.8 

 
TABLE-3 

ANOVA OF FLEXURAL STRENGTH VALUE  
OF FIBER-REINFORCED COMPOSITE 

 
Sum of 
squares 

Df Mean 
square 

F Sig 

Between groups 
Within groups 
Total 

193971.98 
3070.99 

197042.98 

2 
15 
17 

300.94 
  67.40 

4.47 0.03 

 
significant difference in flexural strength values among the 3
different matrix compositions of FRC (p < 0.05). Further
analysis with LSD in Table-4 proved that there was significant
difference (p < 0.05) between the control-group and the EXP1-
group, the control-group and the EXP2-group and the EXP1-
group and the EXP2-group.

TABLE-4 
LSD TEST OF FLEXURAL STRENGTH VALUE  

OF FIBER-REINFORCED COMPOSITE  

Group (I) Group (J) Mean difference (I-J) Sig 

Control 
EXP1 
EXP2 

  51.63 
241.44 

0.01 
0.01 

EXP1 
Control 
EXP2 

  51.63 
189.81 

0.01 
0.01 

EXP2 
Control 
EXP1 

241.44 
189.81 

0.01 
0.01 

 
Table-5 showed the hardness value in VHN of the FRC

with different matrix compositions. It was shown the EXP1-
group had the highest hardness value (181.5 ± 11.5) VHN and
the EXP2-group had the lowest hardness value (168.2 ± 7.9)
VHN.

TABLE-5 
VICKERS HARDNESS VALUE OF  

FIBER-REINFORCED COMPOSITE (VHN) 

Matrix composition Mean ± SD 
Control 
EXP1 
EXP2 

179.1 ± 2.5 
181.5 ± 11.5 
168.2 ± 7.9 

 
The normality test of the hardness value by Kolmogorov-

Smirnov test showed all of the data had normal distribution (p
> 0.05). Further analysis by ANOVA in Table-6 proved there
was significant difference (p < 0.05) in hardness values among
the 3 groups of FRC matrix compositions. Post hoc test by
LSD in Table-7 showed that there was no significant difference
(p > 0.05) between the control-group and the EXP1-group,
while between the control-group and the EXP2-group and
between the EXP1-group and the EXP2-group showed signi-
ficant differences in hardness value (p < 0.05).

Fiber reinforced composite is a composite material made
of a polymeric matrix which is reinforced by fibers. The matrix
has several functions, i.e. holding the fibers in the composite

TABLE-6 
ANOVA OF HARDNESS VALUE OF  
FIBER-REINFORCED COMPOSITE 

 
Sum of 
squares 

Df Mean 
square 

F Sig 

Between groups 
Within groups 
Total 

  601.87 
1010.99 
1612.86 

2 
15 
17 

300.94 
  67.40 

4.465 0.03 

 
TABLE-7 

LSD TEST OF HARDNESS VALUE OF  
FIBER-REINFORCED COMPOSITE 

Group (I) Group (J) Mean difference (I-J) Sig 

Control 
EXP1 
EXP2 

  2.38 
10.90 

0.62 
0.04 

EXP1 
Control 
EXP2 

  2.38 
13.28 

0.62 
0.01 

EXP2 
Control 
EXP1 

241.44 
  13.28 

0.04 
0.01 

 
structure, transferring stresses between fibers and protecting
fibers from external environment. Thus the matrix in FRC
affects the material properties greatly [24]. There are two types
of polymer used in FRC, the cross-linked and linear polymers.
The cross linking polymer or the thermosetting polymer refers
to the multifunctional dimethacrylate resin. The linear polymer
or the thermoplastic polymer refers to the monofunctional
methacrylate polymer [4]. In FRC with the IPN structure
usually the matrix consists of a cross linking polymer, a linear
polymer and a photo initiator [25].

There are two kinds of setting reaction on FRC resin
matrix, e.g. the polymerization reaction and the cross linking
reaction. Polymerization reaction refers to the formation of a
polymer by sequential adhesion of monomer units. The cross
linking reaction in a polymer is the formation of a cross
link where chain are bonded together either through direct
connection or via an intermediary atom, ion, molecule or chain.
This produces a three dimensional strongly cross linked system
[26].

This study was aimed to replace the matrix of bis-GMA
(cross linking monomer) which is considered to be relatively
hazardous to HDDMA (cross linking monomer) in an FRC
material. It was known the combination of bis-GMA-MMA
matrix produced an IPN structure improved the mechanical
strength of FRC material. Structurally, the HDDMA monomer
had reactive groups similar to bis-GMA. Based on this fact, it
was assumed combination of HDDMA-MMA might produce
an IPN structure as well. This condition might improve the
mechanical properties of FRC.

The result of the study also proved the matrix composition
of HDDMA-MMA in FRC produced lower flexural strength
value than the bis-GMA-MMA matrix system significantly.
This fact might be caused by the difference in the viscosity of
bis-GMA and HDDMA. Bis-GMA had the benzene component
on its structure which might cause the molecular weight higher
and the solvent was more viscous than HDDMA. The less
viscosity of HDDMA might cause the impregnation of
HDDMA to the fiber be lower than bis-GMA. This condition
decreased the flexural strength of FRC with HDDMA matrix
composition.
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The requirement of fixed partial denture alloy for flexural
strength was over 500 MPa [21]. In previous study, it was
reported that flexural strength value of E-glass FRC with bis-
GMA-MMA based matrix in three point bending was 461 ± 50
MPa [6]. Even though the current work had different components
in the FRC specimens from those of previous studies, the result
of the flexural strength value of bis-GMA+MMA (control-
group) (674.1 ± 9.9 MPa) and HDDMA+MMA (EXP1-group)
(638.1 ± 8.6 MPa) fulfilled the requirement of fixed partial
denture alloy requirement for flexural strength. It was suggested
that the current study result was acceptable for clinical used.

The result showed hardness value of EXP1-group was
higher than control-group. The higher value might be caused
by the good solvency of HDDMA to MMA. This condition
influenced different rapidity in setting time of the resin poly-
merization. HDDMA will react to MMA faster than bis-GMA
to MMA; therefore HDDMA will have faster setting time than
bis-GMA to MMA. This condition influenced the higher
hardness value of HDDMA to MMA.

The results of Post hoc test in Table-7 showed that there
was not any difference of hardness value between control-
group and EXP1-group. Although statistically the hardness
value difference is insignificant, the value does not exceed of
enamel hardness (230-260VHN) [21]. It is mentioned if the
hardness value of an alloy is greater than enamel, it may wear
the enamel of the teeth opposing to the restoration [27]. Table-7
showed that the hardness value of all groups fulfilled the require-
ment of hardness properties for crown and bridge material.

Conclusion

In conclusion, resin matrix based composition of HDDMA-
MMA (EXP1-group) showed comparable bending and hardness
properties to bis-GMA-MMA matrix system (control-group).
Further research was suggested to determine the biological
properties of the proposed new matrix system of HDDMA-
MMA (EXP1-group) to gain biocompatible FRC.

ACKNOWLEDGEMENTS

Esstech Inc. (Essington, PA, USA) is acknowledged for
generously donating some materials for this study. This study
was financially supported by DP2M, Minister of Research and
Higher Education Indonesia (Collaboration Research Scheme
2014-2015) No. 287/LPPM/2015.

REFERENCES

1. J.A. Hobkirk, R.M. Watson and L.J.J. Searson, Introducing Dental Implants,
Churchill Livingstone, London, pp. 22-25 (2003).

2. M.A. Freilich, J.C. Meiers, J.P. Duncan and A.J. Goldberg, Fiber-
Reinforced Composites in Clinical Dentistry, Quintessence Publishing
Co. Inc., Illinois, pp. 1-3 (2000).

3. S. Garoushi, L. Lassila and P.K. Vallittu, Int. J. Dent., 8, 455 (2011).
4. P.K. Mallick, Fiber-Reinforced Composites: Materials, Manufacturing

and Design, CRC Press, Boca Raton, edn 3, pp. 42-58 (2008).
5. http://www.doria.fi/bitstream/handle/10024/33576/D780.pdf?sequence

=1,pg.
6. M. Zhang and J.P. Matinlinna, J. Adhes. Sci. Technol., 25, 2687 (2011).
7. M. Zhang and J.K. Matinlinna, Silicon, 4, 73 (2012).
8. K.J. Anusavice, Phillip's Science of Dental Materials, Elsevier Science,

St Louis, edn 11, p. 77 (2009).
9. K.-J. Söderholm and A. Mariotti, J. Am. Dent. Assoc., 130, 201 (1999).
10. I. Stoeva, A. Kisselova and M. Zekova, Journal of IMAB, Annual Procee-

ding, Book 2, pp. 45-46 (2008).
11. J.M. Powers and R.L. Sakaguchi, Restorative Dental Materials, Evolve,

Missouri, edn 12, p. 229 (2003).
12. Esstech, Material Safety Data Sheet, Product: 1,6-Hexanediol Dimeth-

acrylate, Code: x887-7446, Esstech, USA, pp.1-8 (2003).
13. P.K. Vallittu, J. Prosthet. Dent., 79, 125 (1998).
14. P.K. Vallittu, J. Prosthet. Dent., 81, 318 (1999).
15. P.K. Vallittu, Strength and Interfacial Adhesion of FRC-Tooth System,

The Second International Symposium on Fibre-Reinforced Plastics in
Dentistry. University of Turku, Finland, Institute of Dentistry and
Biomaterials Research (2002).

16. P.K. Vallittu and C. Sevelius, J. Prosthet. Dent., 84, 413 (2000).
17. P.K. Vallittu and M. Kononen, in eds: S. Karlisson, K. Nilner and B.L.

Dahl, Biomechanical Aspects and Material Properties, In: A Textbook
of Fixed Prosthodontics: A Scandinavian Approach, Stockholm, Sweden,
Gothia, pp. 116-30 (2000).

18. S.R. Dyer, in ed.: P.K. Vallittu, Current Design Factors in Fiber Reinforced
Composite Fixed Partial Dentures, The Second International Symposium
on Fibre-Reinforced Plastics in Dentistry, University of Turku, Finland,
Institute of Dentistry and Biomaterials Research (2002).

19. I. Narisawa and H. Oba, J. Mater. Sci., 19, 1777 (1984).
20. M.A. Hamstad, Acoust. Emission US Army Mantech. J., 10, 24 (1985).
21. J.F. McCabe and A.W.G. Walls, Applied Dental Materials, Blackwell

Munsgaard, Oxford, edn 9, pp. 213-215 (2008).
22. J.P. Matinlinna, J.E. Dahl, S. Karlsson, L.V. Lassila and P.K. Valittu, In

Silanes and Other Coupling Agents, K.L.Mittal (ed). Vol.5. VSP/Brill,
Leiden, The Netherlands, pp. 107-121 (2009).

23. R. Brown, Handbook of Polymer Testing: Short-Term Mechanical Tests,
Smithers, Shawbury, UK, pp. 144 (2002).

24. C.A.M. Soares, C.M.M. Soares and M.J.M. Freitas, Mechanics of Com-
posite Materials and Structures. Springer, New York (1999).

25. P.K. Vallitu, In J.P. Matinlinna and K.L. Mittal, Adhesion Aspects in
Dentistry, pp. 63-74 (2009).

26. B.W. Darvell, A Glossary of Terms for Dental Materials Science,
Darvell, Pokfulam, edn 9 (2006).

27. R.G. Craig, J.M. Powers and J.C. Wataha, Dental Materials: Properties
and Manipulation, Mosby Elsevier, St Louis, edn 8, pp. 19-29 (2004).

1620  Sunarintyas et al. Asian J. Chem.


