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The effect of addition of hydroxyapatite from
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to the transverse, impact, and tensile strength of
heat cured acrylic resin
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Abstract
Objective: This study aims to determine the effect that occurs when
heat cured acrylic resin is added hydroxyapatite which is synthesized
from skipjack fish bones.
Material and Methods: This study using 27 samples of heat cured
acrylic resin for each mechanical strength divided into 3 groups,
namely groups with the addition of 0%, 2%, and 5% hydroxyapatite
from the weight of the polymer.
Results: The analysis showed a significant decrease in transverse
strength with 5% addition of hydroxyapatite group (One-way Anova
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test, p = 0.001), a significant decrease in impact strength occurred in
both groups of 2% and 5% addition of hydroxyapatite (One-way Anova
test, p = 0.000), and also the addition of 2% & 5% hydroxyapatite
caused a significant decrease in tensile strength (One-way Anova test,
p = 0.018).
Conclusions: Hydroxyapatite synthesized from skipjack fish bone
affects the mechanical strength of acrylic resins, namely transverse,
impact and tensile.
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Removable partial denture made from heat
cured polymethylmethacrylate (PMMA) resin
is one type of denture that is often used. Acrylic
resin is used as a base for artificial teeth because
this material is non-toxic, non-irritating, good
aesthetic, inexpensive, easy to manipulate, easy to
repair and has small dimension changes. However,
polymethylmethacrylate acrylic resins also have
the disadvantage of being easily fractured. These
deficiencies often cause problems such as fracture of the denture base due to compressive force
in the oral cavity or due to falling.1 The denture
base made of methyl methacrylate material can
be strengthened by adding reinforcing material to
the base of the denture plate to increase transverse,
impact and tensile strength.2
One of the waste materials that can be utilized is
fish bone as high-quality organic calcium. Fish bone
waste can be processed into hydroxyapatite (HA).
HA derived from fish bone waste contains calcium,
phosphorus, and carbonate. HA is a calcium phosphate containing hydroxide with the chemical
formula Ca10(PO4)6(OH)2 which is widely used in
medicine and dentistry as artificial bone. HA has an
important chemical property that is biocompatible

so it does not cause a rejection reaction from the
immune system by the human body.3,4
Skipjack fish bones (katsuwonus pelamis) are a
natural source of HA and have great potential in
the future with its 84.22% high mineral content.4
Extraction begins with the drying and grinding
of prepared skipjack fish bones. Then immersion
is carried out in acetone, then it is roasted and
calcined. Hydroxyapatite synthesis is done by
adding phosphoric acid solution. While adjusting
the pH is by adding NaOH. The precipitate is then
re-dried to get a powder containing HA.5
Transverse strength or compressive strength is
the load applied to a rod-shaped object supported
at both ends and the load is given in the middle,
as long as the bar is pressed the load will increase
regularly and stop when the test rod is broken.
Transverse strength is a combination of compression strength, tensile strength and shear strength.
Impact strength is the durability of a material as
not to break when it gets a large and sudden power
in the form of tension and compression. Impact
tests on acrylic resins are used to test resistance to
sudden loads that can occur, such as when falling
to the floor. Tensile strength is a measure of the
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strength of a material when it receives a load that
tends to stretch or extend the material. Tensile
strength can be tested by placing a long material,
wire, or dumbbell shape on the tensile force (one
axis tensile test). This test can be carried out only
on material which shows elastic deformation and
slight or no plastic deformation.6,7
This study was conducted to determine the
effect of HA from skipjack fish bones on transverse
strength, impact strength and tensile strength of
acrylic.

Material and Methods
This study is a laboratory experimental research
post-test-only control group design. The sample
of this research is a heat cured acrylic resin in the
form of a long plate with a length of 65 mm, a width
of 10 mm, and a thickness of 2.5 mm.8 Each test
requires 27 samples for 3 treatment groups with
each group of 9 samples. Group 1: Heat cured
acrylic resin which is added with 0% HA powder
from acrylic resin powder. Group 2: Heat cured
acrylic resin which is added with 2% HA powder
from acrylic resin powder. Group 3: Heat cured
acrylic resin which is added 5% HA powder from
acrylic resin powder.
Transverse strength test is carried out using
Universal Testing Machine test. Acrylic plates are
numbered at both ends and lines in the middle using
a pencil and placed in such a way. The instrument
will press precisely on one plate line at intervals of
30 seconds until the fracture occurs. The values
listed are recorded and entered in the transversal
strength formula:7
S=

3 IP
2 bd

2

Explanations:
S
b
l
d
P

= Transverse strength (N/mm2)
= plate width (mm)
= length / supporting distance (mm)
= plate thickness (mm)
= load (N)

Impact strength is measured by the impact testing machine with the Charphy method. This test is
carried out at room temperature. The plate is placed
on the anvil, raised to as high as h or at the angle of α
(at this measurement the angle of α is taken at 90°).
Then adjust the position of the needle scale guide to
the zero position. The pendulum is released so that
it hits the test piece, the pendulum will still swing as
high as h or at the β angle. Then observed and noted
the angle changes that occur. Then the calculation is
done with formula.9

IS =

W.L (cos β – cos α) (gram/cm)
A

Explanations:
IS = Impact Strength
W = pendulum weight + metal weight (750
gram)
L = arm length (332.6 cm)
α = the initial angle of the pendulum before
swinging (900)
β = the angle of the pendulum after swinging
A = wide of cross section testing rod (cm2)
Tensile strength measurement is done by tensile
strength test equipment (Autograph, Japan), the
sample is placed vertically with the tip located on a
strong grip (grip) on the test instrument then read
and recorded the resulting force and then calculate
the tensile strength using formula:7
σ =

F
A

Explanations:
σ : voltage
F : force
A : cross-sectional area
To statistically test whether there are significant
differences in the observations of each variable
based on the treatment group (2% and 5%) and
the control group (0%), data were analyzed using
the One-way Anova test.

Results
Skipjack tuna bone that has been calcined then
tested with XRF to determine the content of CaO
formed. As a result, there was 68.14% CaO in the
sample. Then after the precipitation process, XRD
characterization test was performed. The results
showed that tuna bone powder contained hydroxyapatite as much as 11.3%. Furthermore, based on
the results of the FTIR test it can be seen that the
OH- group, the CO32- group, and the PO43- group on
several wave numbers (cm-1). The OH- group which
is shown by the emergence of a peak at wave number
3500-3650 cm-1, the PO43- group which is indicated
by the emergence of peaks at wave numbers 10001100 and 500-600 cm-1, and the CO32- group which
is indicated by the emergence of the peak at wave
number 1400-1500 cm-1.
Based on statistical results figure 1, there was
a significant difference in the average transverse
strength between groups (p <0.05). Transverse
strength increased slightly in group 2, then decreased
in group 3.
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Based on statistical results figure 2, there was
a significant difference in the average impact
strength between groups (p <0.05). Impact strength
decreases with increasing percentage of hydroxyapatite of skipjack fish bones.
Based on statistical results figure 3, there were
significant differences between groups (p <0.05).
Tensile strength decreases with increasing percentage of hydroxyapatite added.

Discussion

Figure 1

Average transversal strength (N / mm2) in each sample
Groups marked with * have a significant difference compared to
controls

Figure 2

Average impact strength (kg / cm2) in each sample
Groups marked with * have a significant difference compared to
controls

Figure 3

Average tensile strength (N / mm2) in each sample
Groups marked with * have a significant difference compared to
controls
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The strength of heat cured acrylic resin is influenced by the composition of its constituent materials. The strength of acrylic is caused by the good
bond between the monomer and the polymer. The
more filler added will reduce the relative amount
of the polymer matrix, reduce contraction pressure,
and decrease the amount of liquid absorption. As a
result, the bonds formed will be lower.10
Increased transverse strength in groups with the
addition of 2% hydroxyapatite can occur due to the
formation of bonds between hydroxyapatite and
polymer chains. The bond will help distribute the
pressure evenly received to all parts of the material
so that the acrylic resin’s ability to withstand changes
in shape and increase its transverse strength. This is
similar to the addition of fiber to increase the transverse
strength of acrylic resins. The addition of volumetric
fibers will result in more pressure absorption and the
forces that appear can be transmitted to the entire
surface of the matrix properly.11
Meanwhile in the group with the addition
of 5% hydroxyapatite, there was a decrease in
the amount of more polymer. Acrylic is more
susceptible to plasticization because of the presence
of non-polymerized monomers. This is what
causes a decrease in transverse strength. Low
polymer monomer bonding can also reduce the
ability to distribute pressure on the acrylic resin
matrix, causing a decrease in transverse strength.
Adding fiber does not always increasing transverse
strength.10
The weak matrix bonding between the polymer
and hydroxyapatite also causes a decrease in impact
strength in the two treatment groups by adding
2% and 5% hydroxyapatite. This is similar to the
research conducted by Chow et al on the mechanical and thermal properties of hydroxyapatite-filled
polymethyl methacrylate composites. It is said that
the flexural strength of PMMA is reduced by the
incorporation of hydroxyapatite. This may occur
due to agglomeration of HA particles in the PMMA
matrix. In addition, the reduction in strength
can also be associated with a mismatch between
PMMA and HA, as well as the presence of interfacial matrix-particle defects.12
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The impact strength of heat cured acrylic resins
can be influenced by several factors such as crazing, water absorption, and residual monomers. The
occurrence of these three factors is influenced by
the formation of polymer chains that occur during
the polymerization process (boiling).7 At a high
percentage of hydroxyapatite addition, the amount
of polymer powder will be reduced more because
it is replaced by hydroxyapatite powder while the
number of monomers does not change. Although
the percentages of 2% and 5% of hydroxyapatite
added to acrylic resins produce a homogeneous
mixture and without chemical reactions, monomers that are not bound to polymers will produce
weaker bonds or become residual monomers and
affect the mechanical properties of acrylic resins.13
The tensile strength of acrylic is influenced by
the temperature of the polymerization. Changes
in high ambient temperature cause shrinkage of
acrylic resin particles. The lack of bond between
acrylic and hydroxyapatite because of the inhomogeneity of the two materials causes the shrinkage of
acrylic resin particles to be greater than hydroxyapatite particles. This will reduce the tensile strength
as happened in this study.14
The weakness in this study is the value of the
transverse strength in each sample tested in one
group shows mixed results. Factors that might
make this diversity is the treatment of samples that
are less consistent because it is done repeatedly
and manually. As an example, polishing samples
might reduce the thickness of the acrylic sample.
In addition, the results of the XRD characterization
test showed that the hydroxyapatite content formed
in skipjack tuna bone flour was still quite low. The
presence of other ingredients contained in skipjack
tuna bone flour may affect the bond that occurs
between the polymer and its HA.15

Conclusion
Hydroxyapatite made from skipjack tuna fish
bone flour affects the mechanical strength of
acrylic resin, such as transverse, impact and tensile
strength. Increasing the hydroxyapatite percentage
will further reduce its strength because it decreases
the bonds formed between the monomer and the
polymer.
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