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Abstract:

Objectives: the objective of this study was to evaluate the effect of
tea tree oil on impact strength; transverse strength and hardness of
heat cured acrylic.

Materials and procedures: Total number of (80) specimens have
been intended .Twenty samples have been prepared without
additive (control) and (60) samples were prepared with
incorporation of tea tree oil in three different concentrations (10%,
15%, and 20%).

Results: the result showed a significant difference between control
and experimental groups in the transverse strength and hardness
tests while there was no significant difference between control and
addition groups in impact strength test. The addition of tea tree oil
(T.T.O) decreased the hardness in all different concentrations, and

increased the transverse strength at concentration of 20%.
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Conclusion: The addition of 20% tea tree oil to acrylic resin
decreased its hardness, increased the transverse strength, and
showed no significant difference in impact strength.

Keywords: Tea tree oil, acrylic resin.polymethylmethacrylate.

Introduction

Poly (methyl methacrylate) is the most popular material used
for the construction of denture. Its low cost, ease of manipulation
and simple application have made PMMA a preferred base
material; however this material is still far from ideal and because of
its relatively low impact and transverse strength; several attempts
have been made to improve the mechanical properties of acrylic
resinitl. Tea tree oil is the essential oil that can be obtained from its
leaves by steam distillation from the Australian native plant,
Melaleuca alternifolia. Tea tree oil is a mixture of various
components, mainly monoterpene and sesquiterpene hydrocarbons
and their alcohols. Numerous studies have demonstrated the
capacity of tea tree oil as an antiseptic, antibacterial [2, 3, 4], anti-
inflammatory and antifungal especially anticandidal properties [5,
6, 7].

The main benefits of natural medicinal plant extracts as
antimicrobial agents include enhanced safety and stability without
any side effects, which lack with both organic and inorganic
antimicrobial agents. In the field of dentistry tea tree oil have been
added to heat cure acrylic and soft liner and shown anticandidal
effect which consider a new therapeutic approach towards denture
stomatitis [8, 9, 10]. In spite of the beneficial antifungal effect of
adding tea tree oil to polymer, the surface properties of PMMA
denture base material after such addition have not been
investigated. This study is under taken to investigate the effect of
tea tree oil on some mechanical properties of heat cured acrylic
resin.
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Materials and procedures

1. Specimen's preparation

A. Transverse strength and surface hardness test; the plastic
patterns (fig.1) were prepared with dimensions of ( 65mmx
10mmx 2.5mm length, width, thickness respectively) according
to ADA No.12, 1999[11]. Ten specimen for control and thirty
specimen for experimental were constructed for transverse
strength and surface hardness test.

B. Impact strength test: the patterns (fig.1) were prepared with
dimensions of 80x10x4 mm (length, width, and thickness
respectively) according to ISO 179[12]' Ten specimen for
control and thirty specimen for experimental were constructed

for impact strength test.

2. Mold preparation

For the preparation of the stone mold, the prepared plastic
patterns (for transverse strength and impact strength) were coated
with separating medium .The lower portion of the metal flask was
filled with dental stone. The plastic patterns were inserted to
approximately one half on their depth; the upper half of the flask
was filled with stone.

3. Specimens fabrication

Control group specimens (20 samples) were prepared from heat
cure acrylic resin (super acryl, czech) with 44gmz=0.2/20ml
(powder/liquid) ratio according to manufacturer's instructions.
While the experiment groups (60 specimens) were prepared from
the same acrylic resin with incorporation of 100% pure T.T.O.
(MASON, USA) of different concentrations (10%, 15%, 20%) by
volume of monomer. The Curing process was carried out according
to the manufacturer’s instructions.
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Mechanical and physical tests:

A. Impact strength test: Specimens were construced,stored in
distilled water at 37 °C for 48 hrs before being tested!* The
impact strength test was performed with charpy impact testing
device. The charpy impacted strength of un notched specimens
was calculated by the following formula:

Impact strength= E/B.D x 10° [13]

E: is the absorbed energy for fracture in joules.
B: is the width of the samples in mm.
D: is the thickness of the samples in mm.

The specimen was supported horizontally and struck by free,
swinging pendulum of 5 jouls, the scale reading give the impact
energy in joules.

B. Transverse strength test: All the specimens were collected
and stored in distilled water at 37°C for (48) hours to stimulate
oral conditions (2). Test was performed using universal Instron
testing machine CZL203. Each specimen was positioned
horizontally on the bending fixture (Fig.2) which consists of
two parallel supports that are (50) mm apart and the load was
applied with a cross head speed of Imm/min by a rod placed
centrally between the supports making deflection until fracture
occurs (Fig.3). The transverse bend strength was calculated
using the following equation.

Transverse strength = 3PL/2bd? [14]

P: is the peak load
L: is the span length (50mm)
b: is the sample width

d: is the sample thickness.
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C. Surface hardness test: Test was performed using durometer
hardness tester (TH 210, CHINA) (shore D hardness) as shown in
fig.4.The usual method was to press down firmly and quickly on the
indenter and to record the maximum reading. Three measurements
were recorded on different areas of each specimen and an average of
these three readings was recorded.

Results

Impact strength test:

The descriptive statistics data of the impact strength were shown in
table (1).The mean value of experimental groups of three different
concentrations of T.T.O (10%, 15%, and 20%) as compared to control
group showed no difference between them and approximately the same.
Table (2) shows analysis of variance (ANOVA) test. Anon significance
difference between control and treated group was noticed (p>0.05).

Hardness test:

Table (3) showed descriptive data of tested groups .The mean of
control group is higher than experimental (T.T.O) groups. The
concentration 20% of T.T.O showed lower hardness than other
concentrations (10% and 15%). One way analysis of variance
(ANOVA) for hardness test showed in table (4), there was a highly
significant difference among the groups (P value 0.000). So Tukey
HSD of multiple comparisons among studied groups was conducted
for hardness test as shown in table (5).

A highly significance difference between control and three different
concentrations treated T.T.O treated groups (P= 0.000).

There was none significance difference between 10% and
15%experimental groups (P>0.05).

There was significance difference between 15% and 20%experimental
groups (P<0.05).
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Transverse strength test

Table (6) showed Mean, SD, SE, range of transverse
strength results.as shown in table, the mean value of transverse
strength test of 20% of T.T.O is highly significance than other
concentrations(10% and15%).ANOVA test of transverse strength in
table(7) shows a highly significance difference between control and
experimental groups(P=0.000). So Tukey HSD of multiple
comparisons between studied groups was done as displayed in table
(8). As shown in table 8, there was none significance difference
between 10%and 15% concentrations of tea tree oil and the mean of
these concentrations was lower than control group ,while the
transverse strength at 20% of addition of T.T.O increase
significantly as compared with other groups .

Discussions

Acrylic resin is one of the most frequently used as denture
base materials. However, it has several disadvantages as poor
mechanical properties.  Several attempts have been made to
strengthen acrylic resin materials with either chemical modification
with grafted co-polymers and stronger cross linkage or by the use
of various reinforcing materials as inclusion of fibers, nanoparticles
[15, 16]. This study have attempt to modify the mechanical
properties of heat cured acrylic by addition of tee tree oil, which
has wide range of applications in many felids such as
pharmaceuticals, cosmetics and dentistry .T.T.O is composed of
terpene hydrocarbons, mainly monoterpenes, sesquiterpenes and
their associated alcohols. Terpenes are volatile, aromatic
hydrocarbons and may be considered as polymers of isoprene
which has the formula C5H8 [17] 1t has many therapeutic properties
but of interest are well described anti-bacterial capabilities [3].
T.T.O is bactericidal against organisms commonly implicated in
medical implant infections such as S.aures and staphylococcus [18].
The hardness test has been considered a simple and useful method
to determine the mechanical properties of polymer-based materials
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due to its high sensitivity to the amount of monomer in dental
polymers [19]. Hardness is important property as it is important in
preventing abrasion and wearing of the PMMA denture base 2% and
determines its flexibility. The results of this study revealed that as
concentration of T.T.O increase, the hardness of acrylic resin
decrease. The possible reason for such an effect is due to that oil
will coat polymer particles and this coating will decrease the
amount of conversion of monomer to polymer resulting in a large
amount of residual monomer. The latter adversely affects the
mechanical properties via a plasticizing effect 21 Also another
possible reason for decrease the hardness is the flexibility of
samples increase significantly at concentration of 20% which lead
to decrease the hardness. These results disagree with Al-Nema
LM[?2 that may be due to the type of essential oil used in the study
or the difference in oil concentration applied.The results revealed
that the impact strength nearly the same after the addition of tea
tree oil at all concentrations and this may due to the concentration
of added oil which act as elastomer to PMMA and this agree with
Fernanda et all?®l who stated that the addition of elastomer in
smaller proportions (10% and 20%),the improvement in the impact
strength was not evident.

The transverse (flexural) strength is a combination of
compressive, tensile and shears strength, all of which directly
reflect the stiffness and resistance of material to fracture. The study
also was designated to compare the transverse strength of heat
cured acrylic resin (control) and additive groups of tea tree oil in
three different concentrations (10%, 15%, 20%). The results
showed that 20% of T.T.O group has higher transverse strength
than control group and other two concentrations (10%, 15%) which
may explained that the T.T.O may act as elastomeric to PMMA and
this agree with Hatim et al 2010 [24] which showed the addition of
natural oils (thyme and nigella oil) to heat cured acrylic resin
increase its transverse strength. Another possible reason for such an
effect is that the maximum saturation of the matrix formation
between PMMA and oil occurred at concentrations of 20%.
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Conclusion

Within the limitations of this study, it could be concluded
that: The adding of tea tree oil in concentration of 20% to heat
cured acrylic resin significantly decreases the latter’s hardness and
increase its transverse strength. While T.T.O has no effect on the
impact strength of PMMA at all concentrations.
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Fig (2): Specimen under stress in
instron testing machine

Fig (3): Transverse specimens Fig(4):Durometer hardness
after testing tester
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Table (1): Descriptive Statistics data of impact strength

test (Kj/m?)
Control T.T.O T.T.O T.T.O
(10%) (15%0) (20%)

N 10 10 10 10
Mean 5.16 4,77 5.93 5.69
SE .070 .256 .395 543
SD 220 811 1.248 1.716
Minimum 5 4 5 4
Maximum 6 6 7 9

Table (2): ANOVA test of impact strength test

s::;r: df Mean Square F Sig.
Between Groups 8.250 3 2.750 2.113 116
Within Groups 46.856 36 1.302
Total 55.106 39

Table (3): Descriptive Statistics data of hardness test

Control T.T.O T.T.O T.T.O
(10%) (15%) (20%)
N 5 5 5 5
Mean 81.10 73.60 72.06 69.88
SE 490 77 .098 420
SD 1.095 1.736 219 939
Minimum 80 72 72 69
Maximum 82 75 72 71
Journal of Al Rafidain University College 312 ISSN (1681-6870)




Evaluation of the addition of tea tree

oil on some mechanical properties of...

Dr.Ban Nahal Shukur

Issue No. 42/2018

Table (4): ANOVA test of hardness test

Sum of Mean i
Squares f Square - SIg.
Between Groups 356.028 3 118.676 | 92.265 |.000
Within Groups 20.580 16 1.286
Total 376.608 19

Table (5) Tukey HSD of multiple comparisons for hardness test
between studied groups

Mean 95% Confidence
_ Std. _ Interval
(D) group | (J) group lez‘:a_rje)nce Error Sig. Lower Upper
Bound Bound
2(10%) 7.500 717 .000 5.45 9.55
1control -
(0%) 3(15%) 9.040 _ 717 .000 6.99 11.09
4(20%) 11.220 717 .000 9.17 13.27
1 -7.500-" 717 .000 -9.55- -5.45-
2 3 1.540 717 181 -51- 3.59
4 3.720" 717 .000 1.67 5.77
1 -9.040-" 717 .000 -11.09- -6.99-
3 2 -1.540- 717 181 -3.59- 51
4 2.180" 717 .035 13 4.23
1 -11.220-" 717 .000 -13.27- -9.17-
4 2 -3.720-" 717 .000 -5.77- -1.67-
3 -2.180-" 717 .035 -4.23- -.13-

*. The mean difference is significant at the 0.05 level.
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Table (6): Descriptive Statistics of transverse strength N/mm?

control | TTO | TTO | TTO
(10%) | (15%) | (20%)
N 10 10 10 10
Mean 92.8334 | 63.3610 | 53.7370 | 140.2800
SE 441539 | 2.41727 | 56878 | 13.57525
SD. 13.96268 | 7.64409 | 1.79864 | 42.92870
Minimum | 77.05 42.73 5054 | 101.58
Maximum | 106.15 | 68.78 5576 | 190.02

Table (7): ANOVA test of transverse strength N/mm?

Sum of ]
Squares df | Mean Square F Sig.
Between Groups 45367.939 3 15122.646 28.812 | .000
Within groups 18895.472 36 524.874
Total 64263.411 39
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Table (8): Tukey HSD of multiple comparisons for transverse
strength test between studied groups

Mean 95% Confidence
_ Std. _ Interval
() group | (J) group lez‘:e_r\]e)nce Error Sig. Lower Upper
Bound Bound
Lcontrol 2(10%) 29.472: 10.246 | .033 1.88 57.07
3(15%) 39.096 10.246 | .003 11.50 66.69
(0%) .
4(20%) -47.447- 10.246 | .000 -75.04- -19.85-
1 -29.472-" | 10.246 | .033 -57.07- -1.88-
2 3 9.624 10.246 | .784 -17.97- 37.22
4 -76.919-" | 10.246 | .000 | -104.51- -49.32-
1 -39.096-" | 10.246 | .003 -66.69- -11.50-
3 2 -9.624- 10.246 | .784 -37.22- 17.97
4 -86.543-" | 10.246 | .000 | -114.14- -58.95-
1 47 44T 10.246 | .000 19.85 75.04
4 2 76.919" 10.246 | .000 49.32 104.51
3 86.543" 10.246 | .000 58.95 114.14

*. The mean difference is significant at the 0.05 level.
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