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ABSTRACT

Background: This study aimed to evaluate the effect addition of polyester fibers on the some mechanical properties
of heat cured acrylic resin (implant strength, flexural strength and hardness)
Materials and methods: Ninety specimens were used in the study. Thirty specimens were used for impact strength
measurements (80mm X 10mm X 4mm) length, width and thickness respectively. The specimens divided into three
test groups (n=10), first group formed from heat cure acrylic resin without fiber reinforcement. Second group was
formed from heat cure acrylic resin was reinforced with 2 mm length polyester fiber and third group was formed from
heat cure acrylic resin reinforced with 4mm length polyester fiber, impact strength measured by impact testing
device. 30 specimens with (65 mm X 10mm 2.5mm) length, width and thickness respectively were used in 3 groups
(n=10) flexural strength test. The flexural strength was measured by using flexural testing device. 30 specimens with
(65mm X 10m X 2.5mm) length width and thickness respectively were used for hardness test. The specimens were
divided into 3 group (n=10) as in impact strength and flexural strength.
Hardness measured by using (shore D hardness tester TH210).
Results: revealed statistically significant increase on impact strength especially on 4mm length when compared to
control group. Significant decreases in flexural strength of PMMP. When compared to control group with 4mm length
fiber reinforcement. Non significant decrease when compared control group with 2mm length fiber reinforced
PMMA. Significant decrease in hardness of PMMA resin after reinforcement with 2mm, 4mm lengths polyester fibers.
Conclusions: Strengthening with the polyester fiber decreased the flexural strength and hardness of the resin, but
increased impact strength. Thus when high impact acrylic resins are needed, fiber reinforced resins may be the
material of choice.
Keywords: Heat cure acrylic resin, polyester fibers. (J Bagh Coll Dentistry 2013; 25(Special Issue 1):23-29).
Aayal)
(e 300, Jal) 5 58, Faral) da glia) (551 pall lly ;S LSS ) (al ) Gimay e sl el SO i gl GLY AaLal 5 i) Canll 13 (e Cangll
Crand CJLA.\S] Sl ol i el | Jshall (aled* ale] 0% ale80) iy darall 558 (bl 3503 30, Apnals < 35 30 G Crand 5 23505 90 Canll & padiad
A Ao ganall ale? J shay LY AiLaly <SG Ao ganall, LIV A8l ¢ g (gl all @l SV e IS Y1 e sanall SLEAS (10=02a)) e sane TG )
L Aediall (i Slea a5 Crid daaall A glia aled Jshay LIV ALl K
Jlem Bl 8 (uld 55 Ao sane JSI (10=23) )aaalane 2D ) Caen, Ml M‘,ub)d‘, Jshll(ale2,5 * ale10% ala65) sy all 5 8 (ull Caeadiul 73 543 30
gu‘ 368 Luladl daadiial) Chluldll sy GL:...J\ 3350 (bl Craadial CA}A.\ 30 su\ 548 uld
2 bale ye glali g aled Jshay CadV) Ailial 2ay Jhall 58 3 L sale laii ale 4 Jshay CadV) A8lial day Aals 5 Aedall daglia 3 3k gale saly) il ke

Faglia e 2y STg303ball g all 38 (e JIE i sl L Adlial o il Al all 038 xhand) 303a e cpl ghall ST gale e laltt ala2) J shay LYY Adlial
il ) GLIL aeaall (g ) all elly )SY) aodins Zavall Allall Zagliall 53 (55l all el SV aadiud o 4 5 Leie GllN 5 Aarall

INTRODUCTION In addition to this v(fé\)rious type of fit?%r
Heat polymerized polymethly methacrylate including - carbon (gber ) aram"(jg) fiber ™7,
(PMMA) is the most widly used materid in ~ Polyetheylene fiber ™".and glass fiber ™ have been

prosthetic  dentistry.  Superior  esthetic  ease investigated as reinforcing material, and it has

processing, accurate fit, used with inexpensive been shown th_at the fibers increase the flexura

equipment and repairability, make PMMA as a strength and impact strength of denture base

material of choise for denture base fabrication. polymer. o

Despite these excellent properties PMMA is not Carbon and aramid fibers strengthened PMMA

metting al the necessary requirement, and but caused clinical problems)mcludmg difficulty

primary proplem is its poor strength polishing and poor esthetics™

characteristics, including low impact and flexural _Incluson of metal wire and plate

strength®?. remf_or_cement_s resulted in poor aesthetl_cs,
Many attempts have been made to enhance the restricting their use to location at which aeﬂhetlcs

strength properties of acrylic denture base. One of are |east important. In case of polyethylene fibers,

the most common reinforcing technique was the the surface treastment to improve the adhesion
use of metal wire embedded in the prosthesis . between fibers and denture base polymer is
complicated and has not resulted in adequate

adhesion ™.by contrast glass fibers have better
potential for provisional restoration, despite the

(1) Lecturer, Department Prosthodontics, College of Dentistry, O!iffiCU”_y of a:hiev(ilg)g adequate impregnation of
University of Baghdad. fiberswith PMMA .
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Fiber reinforcement is depending on many
variables including, fiber type, length, form, and
arrangement, percentages of fibers in the matrix
and fiber matrix bond. Polyester fibers are
available in monofilament form and belong to the
thermoplastic  polyester group. They are
temperature sensitive and somewhat hydrophobic.
Polyester fibers were used for reinforcement of
acrylic denture base resin but there were little
studies about the use of this fiber. Hence the
purpose of this study was undertaken to determine
the reinforcing effect of polyester fibers on impact
strength, flexural strength and hardness of heat
polymerized polymethyl mathacrylate denture
base polymer.

MATERIALSAND METHODS

Heat cure acrylic resin (Triplex, Ivoclar vivadent,

Germany) was used in this study. The reinforcing

material was polyester fiber.

Three mechanical tests were used in this study:-

1- Impact strength test.
Thirty specimens were prepared for impact test
and devided into three test groups which
contained 10 specimens each (n=10).
Metal dies with dimensions of (80mm X10mm
X4mm) length, width, thickness repectivel
following the 1SO standared 179-1: 2000™
were fabricated to prepare the gypsum molds.
A thin layer of petroleum jelly was applied
over the die and it was invested with type IV
gypsum product in the lower half of denta
flask when stone was set in the lower half of
the flask, a layer of separating medium was
applied on the stone and metal die, then upper
half of the flask was seated and the flask was
filled with dental stone. After one hour the
dental flask was opend and the die was
carefully removed from the investing material .
Ten moulds were prepared. The moulds were
evaluated for any porosities and roughness.
The prepared moulds were immersed in hot
water to remove any traces of empurities and
to facilitate the application of separating
medium. The mould cavities obtained were
used for the preparation of test specimens. For
control group, ten specimens of polymethyl
methacrylate (PMMA) were fabricated.
Polymer and monomer in the ratio of 2.5: 1 by
weight was mixed and allowed to reach dough
stage. It was kneaded and packed in the mould.
The trial closures were performed and excess
was removed. The two halves of the flask were
pressed together by bench press. Curing was
carried out by placing clamped flask in water
bath at room temperature raised slowly up to
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74°C and hold for 2 hours then raised to 100°C

and was maintained for 1 hour @Y. After

completion of polymerization cycle, the flask
dlowed to cool in water bath to room
temperature. Specimens were finished and
polished after deflsking. The dimension and
quality of each specimen were verified and
stored in distal water at 37°C for 24 hours in
an incubator befor testing.

The second group specimens preparation:-

Before mixing of polymer and monomer.
Polyester fibers were cut into 2mm length and
were socked in monomer for 10 minutes in
petridish for better bonding of fiber with PMMA
resin®®,

After fiber were removed from the monomer,
excess liquid was allowed to dry and fibers (2%0by
weight) were mixed thoroughly with the polymer
powder to disperse the fibers by manua mixing.
The polymer containing fibers and monomer was
mixed in ratio of 2.5:1 by weight and alowed to
reach the dough stage. The mix was packed into
the prepared mould. The specimens were
polymerized and retrived in the same manner as
control group.

The third group specimens were prepared from
the same percentage of fibers in the polymer but
the length of fibers were cut into 4mm length and
specimens were prepared as mention before.

Impact strength test was carried out on un-
notched specimens. Testing was done on impact
testing machine fig(1) with pendulum of S, scale
inanair at 23+2°C.

Figure 1. Impact testing device

Before testing, pendulum was releated to
freely swing in the air to record the air resistance
(AR) encountered by free-swinging pendulum.
Air resistance of 0.9 Joules was recorded. The
readings were taken on S, scale where pointer was
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stabilized after swing. The specimen was clamped
in position precisely. Pendulum was released and
reading indicating energy absorbed (EA) to break
the specimens on S, scale was recorded. All the
specimens were tested in the same manner.
Impact strength of specimen was calculated.

By using formula:-

|=E2A x10°

Y

I=impact strength in Kj/m?

EA=energy absorbed in joules.

AR=air resistance in joules.

X=gpecimen thickness (mm).

Y =specimen width(mm).

2- Flexural strength test:-

Thirty specimens with dimension of
(65mmX10mmxX2.5mm) length, width and
thickness respectively were prepared for
flexural strength test. All the specimens were
grouped and fabricatd similar to the specimens
prepared for impact test. Before testing the
specimens were stored in distilled water at
37°C for 48hours the flexural strength was
evaluated according to ISO/DIS 1567
international standard ®® by the three-point
bending test fig(2).

1 foe
S

| | Sample

1 il

<+«— 50mm —»

Figure2: Schematicillustration of flexural
strength test arrangement

Figure3: Flexural testing device
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The test were carried out in air at 21+1°C

using flexural-testing device fig(3). Aload was
applied using a centrally located rod until fracture
occurred. The span of this 3-point bending was
50mm. specimens were set wet from the storage
container directly onto the testing apparatus.
All the specimens were tested in the same
manner. The ultimate flexura strength (MPa)) of
each specimen was determind with the following
formula“?.

= ZXFXI

2EBE RZ

Where o is considered as flexura strength

(MPa)

F= the maximum load applied (N)

|= the span between the two supports (mm)

b=the width of specimen(mm).

h=thickness of specimen (mm).

3- Shorehardnesstest.

Thirty specimens were fabricated and
grouped similar to the specimens prepared for
flexural strength test. The tests were carried
out in air a 21+1°C using electrical device
(shore D hardness tester TH210) fig (4). The
hardness number is based on depth of
penetration and was read directly from a
gauge.

The mean difference and standard
deviation were calulated for each test and each
group (control group, 2mm and 4mm length
polyster fiber reinforcement groups) to make
comparisons between the different groups
tested, independent samples t-test was used for
analysis.

Figure 4: Electrical devicefor shore
hardnesstest

RESULTS

The mean values and standard deviation (SD)
of impact strength, flexural streagth and hardness
for control group and 2mm, 4mm length polyester
fiber reinforced PM/MA are reported in table (1).

By using independent samples t-test, the
results revealed statistically significant difference
between impact strength of fiber reinforced
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PMMA and control group as showing in table(2).
The comparative mean values of the impact
strength of control group. 2mm fiber reinforcemat

and 4mm fiber reinforcement were presented in
fig (5)

Table 1: Descriptive statistics of the impact strength, flexural stragth and hardness of control
and reinforced PM/MA:

Control n=10

2mm fiber n=10 4mm fiber n=10

Mean SD

M ean SD Mean SD

Impact strength Kj/m? | 7.3750 | .94288

13.8400 | 1.04265 | 18.4020 | 1.53928

Flexural strength Map | 440.300 | 8.96970

424.600 | 26.466 | 404.3000 | 12.7283

Hardness 85.3500 | 1.51529

82.7900 | 1.35355 | 82.5900 1.670

Table 2: Independent samplest-test: comparison of impact strength between control group and
fiber-reinforced PMMA groups.

I mpact Type

t-test for equality of mean
t Df | p-value | sig

strength |  Control and 2mm fiber

-14.543- | 18 000 | H.S

Control and 4mmfiber

-19.318- | 18 .000 HS

2mm fiber and 4mm fiber

-7.760- | 18 .000 | HS

*P <0.05 significant.

bmpact strenght Kgim2
¥ =

Figure5: Graph showing mean impact strength of

There was significant decrease in flexurd
strength of PMMA when compared control group
with 4mm length fiber reinforcement but this
decrease was dtatistically not significant when
compared control group with 2mm length fiber-

control and fiber-reingorced PMMA (m=10)

reinforced PMMA (table3). The comparative mean
values of the flexural strength of PMMA of
control group, 2mm fiber reinforcement 4mm
fiber-reinforcement were presented in fig(6).

Table 3: Independent samplest-test: comparison of flexural strength between control and fiber
reinforced PMMA groups.

Type

Test for equality of mean
t Df | p-value | sig

Flexural
strength

Control and 2mm fiber 1.77 | 18 .093 NS

Control and 4mm fiber 7.311 | 18 .000 S

2mm fiber and 4mm fiber | 2.186 | 18 .042 S

*p< 0.05 significant
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Figure 6: Graph showing mean flexural strength of control and fiber reinforced PMMA (n=10).

There was significant decrease in hardness of values of hardness of control group, 2mm fiber
PMMA resin after reinforced with polyester fiber reinforcement and 4mm fiber reinforcement were
as showing in table (4). The comparative mean presented in fig-7.

Table 4: Independent samplest-test: comparison of hardnes between contral group and fiber
reinforced PMMA groups.
Type t-test for equality of mean
t Df | p-value | sig
Hardness | Control and 2mm fiber | 3.904 | 18 .001 S
Control and 4mm fiber | 3.869 | 18 .001 S
2mm fiber and 4mm fiber | 0294 |1 18 | .772 | N.S
*p<0.05 significant

[Ee—

Figure 7. Graph showing mean hardness of control fiber reinforced PMMA (n=10).

DISCUSSION standard 2% by weight of fiber was added to

This study demonstrated the effect of each specimen in this study. _
polyester fiber reinforcement on the impact Many different siress were applied on denture
strength, flexural strength and hardness of heat base acrylic resin. For example intre-oraly,
polymerized PMMA resin. Any increase in fiber repested masticatory forces lead to fatigue
incorporation beyond 3% by weight will affect phenomena, while extra-orally, the fracture of
the flow of the dough, 4% by weight of fibers acrylic resin dentures as aresult of being dropped
represents a large volume of material be wetted is a common occurrence and research continues

by monomer during mixing and may produce dry to produce a denture material with impact
friable dough (18). This will provide no resistance which must not interfere with other

; iq (19
beneficial effect on strength. For this reason a properties of material *™.
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Impact strength testing could be carried out
on un-notched and notched specimens but
notching would have cut the superficia fiber in
the specimens, therefore testing was carried out
on un-notched specimens.

The reinforcement groups with polyester
fibers showed statistically significant increase in
impact strength compared to the control group
specimens as showing in table(2). This might be
attributed to presence of reinforced fibers which
carry the load a long their length to provide
strength and stiffness to the specimen, resulting
in higher absorption of energy compared with
un-reinforced specimens 2.

The impact strength of the specimens
reinforced with polyester fiber (4mm length) was
much higher than that of (2mm length) and this
was agree with study by Chen et al %

Specimens contain 2mm length fibers showed
decrease in flexural strength which is statistically
not significant when compared with control
group. The decrease in flexura strength of
specimens contains 4mm  length fibers was
statistically significant when compared with
control group. The mean values of flexurd
strength for control group and 4mm length fiber
reinforcement were 440 MPa, and 404MPa
respectively. Despite the decrease was
statistically significant, this decrease didn't
adversely affect the miret of PMMA denture base
resin. This dight decrease in flexural strength
may be attributed to the random orientation of
the fibers from the literature it appears that
reinforcement is optimized when fibers are laid
down in strategic fashion, running paralel to the
surface of denture base. In this way their
contribution to reinforcement is maximized as
fibers at right angle to the surface produce no
beneficial effect. How ever, technical difficulties
of ensuring that fibers were aigned correctly
might overweigh the possible advantage, by
complication the technique to such an extent that
it becomes impractical 18. In random orientation
of fibers, some fibers are oriented to produce
beneficial effect and others are of little or no
benfit. The ease and simplicity of random
orientation would make this technique more
acceptable for widespread use, avoiding the
necessity of interruption of packing procedures
and time consuming placement of oriented fiber.
Further investigation is required to determine the
adequate direction of reinforcing materias
against the applied force. The polyester fibers
reinforcement showed statistically significant
decrease in hardness of reinforced group when
compared with control group but clinicaly this
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may be not so important because the mean values
of control group, 2mm length fiber and 4mm
length and 4mm length fiber reinforcement were
85.35, 82.79, 82.59, respectively. Thus these
fibers can be effectively used to reinforce denture
base to minimize denture fracture. This technique
can be clinically for congtriction of complete
dentures and distal extension partial dentures,
especially in cases like patients with poor
neuromuscular control.

We have compared unreinforced and polyster
fiber reinforced PMMA resin under conventional
heat curing techniques. Strengthening with the
polyester fiber decreased the flexura strength
and hardness of the resin, but increased impact
strength. Thus when high impact acrylic resins
are needed, fiber reinforced resins may be the
material of choice.
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