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Abstract The aim is to evaluate and compare the flexural

strength of different provisional restorative materials rein-

forced with glass and polyethylene fibers. A total of 90

samples were prepared and divided into three groups based

on the type of fiber reinforcement, unidirectional S-glass

(Splint-It) and ultra-molecular weight polyethylene (Rib-

bond). Unreinforced samples served as control group.

Again each group was subdivided into three subgroups

based on type of provisional restorative resins, heats cure

polymethyl methacrylate, self-cure poly methyl methacry-

late and self-cure bis-acryl composite. Samples were loa-

ded in a universal testing machine until fracture occurs.

The mean flexural strengths (MPa) were subjected to the

one-way ANOVA, followed by the Tukey-HSD test at a

significance level of 0.001. The result shows all the fiber

reinforced samples possessed greater strength than the

control samples. In control samples, the heat cure poly

methyl methacrylate resin (72.74 ± 2.28 MPa) had the

greatest flexural strength, followed by self-cure bis-acryl

composite (67.05 ± 2.35 MPa) and self-cure poly methyl

methacrylate resin (52.88 ± 1.90 MPa). In both heat and

self-cure poly methyl methacrylate resin, the polyethylene

fiber reinforcement (96.00 ± 2.63 MPa, 86.17 ± 1.92

MPa) provides the greatest strength than glass fiber reinforce-

ment (92.68 ± 1.58 MPa, 76.40 ± 2.11 MPa). In self-cure

bis-acryl composite, the glass fiber (105.95 ± 3.07 MPa)

shows better reinforcement than polyethylene fiber (99.41 ±

1.74 MPa).The fibers reinforcement increases the flexural

strength of provisional restorative resins.

Keywords Glass fiber � Polyethylene fiber � Acrylic

resins � Bis-acryl composite � Provisional restorative resins

Introduction

It is important that the prepared tooth or teeth be protected

and the patient be kept comfortable by a provisional res-

toration, while a definite restoration is being fabricated.

The basic requirements of a provisional restoration are

essentially the same as for the definitive restoration, with

the exception of longevity and possibly the sophistication

of color.

The commonly used provisional material resins, namely

polymethyl methacrylate (PMMA), polyethyl methacrylate

(PEMA), composite resin (bis-acryl composite), and poly

urethane dimethacrylate are of different polymerizing

nature and each material has physical properties unique to

its chemistry [1–5]. PMMA is the most commonly used

material for indirectly made provisional fixed partial den-

tures. Its strength, color stability, ease of manipulation and

polishing make it a desirable material [1, 2]. PEMA is

suitable for intra-oral use but it demonstrates a very large

marginal gap that would be clinically unacceptable [6–8].

Bis-acryl composite resins are more expensive but show

low exothermic reaction on setting, good marginal fit, and

moderate color retention and strength [5].

Provisional restorations with improved physical prop-

erties are required for conditions like bruxism [9], certain

TMJ disorders, full mouth rehabilitation [8], assessing

tolerance to increased vertical dimension [10] and when
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periodontally involved teeth are retained & used as abut-

ments during the osseointegration of implants [11, 12].

Presently there is no such material available that meets the

ideal requirements for all situations [9, 13]. These materials

may be reinforced by incorporating various types of

materials to improve certain features such as fracture

resistance. The traditional methods involved the use of a

metal wire, lingual cast metal reinforcement [14, 15] and

heat processed acrylic resin provisional restoration [16].

The development of fibrous composite materials in the

dental industry has given a new approach to improve the

performance of dental acrylic resins [17, 18]. The fibers

investigated in this manner are carbon [19], aramid [20,

21], polyethylene [10, 22] and glass fibers [23–26]. Carbon

and aramid fibers were useful in strengthening polymers,

but were not used because of the easy lateral spreading of

the fibers during processing and their poor esthetic quality

[20]. The ultra-high molecular weight polyethylene fibers

are more esthetic and have good mechanical properties, but

adhesion to the polymer is insufficient. This problem is

minimized by ‘‘plasma’’ treatment of the polyethylene

fibers [10, 22, 27]. A Silanized glass fiber has shown a

better adhesion to the polymer matrix and superior

esthetics.

The flexural strength of a provisional restoration is

highly important to resist fracture particularly, when the

patient is subjected to use the provisional restoration for an

extended period or when long-span prosthesis is planned

[1, 2, 5]. The objective of this study was to determine and

compare the effect of unidirectional S-glass fibers and

ultra-high molecular weight polyethylene fibers reinforce-

ment on flexural strength of heat cure PMMA, self-cure

PMMA and self-cure bis-acryl composite resin.

Materials and Methodology

The provisional restorative materials selected for this study

were commercially available heat cure polymerizing

PMMA, self-cure PMMA and self-cure bis-acryl composite

resin. The reinforcement fibers used were Splint-It, 3 mm

width unidirectional dimethacrylate resin reinforced

S-glass fibers and Ribbond, 3 mm width leanoweave cold

plasma treated ultra-high molecular weight polyethylene

fibers (Fig. 1and 2; Table 1).

For preparation and standardization of samples, a rect-

angular metal die made of steel was used. It consisted of

two parts. The bottom die consisted of two metal projec-

tions 5 mm high, simulating the abutment teeth. The mesial

projection represented a prepared premolar tooth and the

distal projection represented a prepared molar tooth. The

12 mm distance between the two abutments had a 10 mm

wide raised portion of height 3 mm, represented the molar

sanitary pontic area. The top die consisted of a rectangular

hollow space, which had 7 mm deep three compartments.

Indices were made on either side for correct alignment

(Fig. 3) and then both the parts were mounted and locked

tight. The die was designed in such way that the samples

Fig. 1 Splint-It—glass fibers

Fig. 2 Ribbond—polyethylene fibers

Table 1 Materials used in the study

S. No. Materials Commercial name of the material Manufacture

1 Heat cure polymethyl methacrylate resin DPI tooth moulding powder Dental Products of India ltd. Mumbai India

2 Auto polymerizing polymethyl methacrylate

resin

DPI self-cure tooth moulding

powder

Dental Products of India Ltd, Mumbai, India

3 Self-cure bis-acryl composite resin Protemp II 3 M ESPE, USA

4 Unidirectional S-glass fiber Splint-It Jeneric\Pentron, USA

5 Ultrahigh molecular weight polyethylene fiber Ribbond Ribbond, USA

6 Bonding agent A Q bond D-TECH, Germany
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were obtained as three units FPD representing a premolar

and two molars teeth. This pattern sparked to precision

from a machined steel bar using a Spark Erosion Machine.

Wax samples were made with help of metal die and

invested in dental flasks using Type III gypsum material

and dewaxed.

The samples prepared were divided into three groups

namely: Group A, B and C based on the type of fibers used.

Group A non-reinforced samples as the control group.

Group B reinforced with unidirectional S-glass fibers

(Splint-It) and Group C samples reinforced with ultra-

molecular weight polyethylene fibers (Ribbond). Each

group was further subdivided into three subgroups based on

the type of provisional restorative resins as Subdivision I

for heat-cure PMMA, Subdivision II for self-cure PMMA

and Subdivision III for self-cure bis-acryl composite resin.

A total of 90 samples were prepared, with 30 in each group.

These 30 samples were further divided into three subgroups

containing 10 each.

For Group A the mould space was coated with cold

mould seal and the three selected provisional restorative

resins were mixed individually according to the manufac-

ture instructions and packed in three separate flasks.

For group B and group C, the unidirectional S-glass

fibers and polyethylene fibers were cut to a length of

22 mm. Since the glass and polyethylene fibers were

already dimethacrylate reinforced and plasma treated they

did not require any pretreatment procedure. Prior to placing

the fibers, they were impregnated in a mix of polymer and

monomer for self-cure and heat cure PMMA resin samples

while for composite resin samples they were wet with the

bonding agent. After applying a layer of separating med-

ium, the mold was packed with half the amount of resin

material mixed as per the manufacturer’s instruction.

Another small metal die of dimensions 22 9 3 9 1.5 mm

was used to provide space for fiber incorporation within the

sample while packing resins in the mold space (Fig. 4).

This metal die had projections which served as stops to

ensure uniformity in indentation created in resins samples

thereby providing proper standardization of fiber place-

ment. The prepared fibers were then placed into the imprint

left by the small metal die (Fig. 5). The remaining half of

the resin was then packed and the samples were polymer-

ized according to manufacturer’s instructions and bench

cooled. All the resins samples were retrieved from the flask

were trimmed, finished and polished to the final dimensions

of 25.5 mm length and height of 7 mm (±0.2 mm). The

samples were stored in distilled water for 24 h before

testing.

The flexural strength for all specimens was tested by

loading them in the Universal Testing Machine [Shimadzu

Fig. 3 Metal die for sample preparation

Fig. 4 Small metal die creating imprint for fiber placement

Fig. 5 Placement of reinforcement fibers in the resin samples
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test apparatus–TM-L, Autograph AGS 2000G-Shimadzu

Co., Kyoto, Japan] with a load cell of 20 kN and across

head speed of 1 mm/min. The samples were placed hori-

zontally and supported on 2 jigs with a span of 18 mm

between them. The load was applied at the center in a

perpendicular direction. The samples were subjected to the

loading until fracture occurred and the maximum flexural

load during fracture was recorded as fracture load in kg.

This was converted into Newton’s using the for-

mula 1 kg = 9.81 Newtons. The flexural strength (MPa)

was calculated from the fracture load using the formula,

FS ¼ 3WL= 2bd2ð Þ where FS is the flexural strength (MPa

or MN/m2), W the maximum load before fracture (N), L

the distance between the supports (mm), b the width of the

samples (mm), d the thickness of the samples (mm).

In addition to this, the nature of the fracture was noted

and categorized as, catastrophic or partial. In catastrophic

fractures the pontic were sheared off by the load whereas in

partial the prosthesis remained intact at the joints and only

a portion of the pontic fractured.

Results

The mean flexural strength (MPa) values (Fig. 6) and

standard deviations of the three groups have been tabulated

and the data was subjected to multivariate analysis

ANOVA and Post hoc test Tukey-HSD (Table 2). For

finding out the significance between the glass and poly-

ethylene fibers, the independent t-test was subjected in the

groups B and C at a significance level of 0.01 (Table 3).

In control samples (Group A), the heat cure PMMA

resin (72.74 ± 2.28 MPa) had greatest flexural strength,

followed by self-cure composite (67.05 ± 2.35 MPa) and

self-cure PMMA resin (52.88 ± 1.90 MPa) and the dif-

ference was highly statistically significant at the 0.001

level.

In Group B which was glass fiber reinforced, the highest

flexural strength was seen in Subgroup III and followed in

decreasing order by Subgroups I and II. The difference

between the Subgroups was statistically significant at the

level 0.001. In Group C which was polyethylene fiber

reinforced, the highest flexural strength was seen in Sub-

group III and followed in decreasing order by Subgroups I

and II. The difference between the Subgroups was statis-

tically significant at the level 0.001. In both heat and self-

cure PMMA resin, the polyethylene fiber reinforcement

(96.00 ± 2.63 MPa, 86.17 ± 1.92 MPa) provides the

greater flexural strength than glass fiber reinforcement

(92.68 ± 1.58 MPa, 76.40 ± 2.11 MPa). In self-cure bis-

acryl composite, glass fiber reinforcement

(105.95 ± 3.07 MPa) provides the greatest strength than

polyethylene fiber reinforcement (99.41 ± 1.74 MPa).

The both glass and polyethylene fiber reinforcement

shows highest flexural strength in self-cure bis-acryl

composite resin and followed in decreasing order by heat-

cure and self-cure PMMA resin. The overall highest flex-

ural strength was seen in glass fiber reinforced self-cure

bis-acryl composite resin (105.95 ± 3.07 MPa). Whereas

highest reinforcement (63 %) was seen in polyethylene

reinforced self-cure PMMA resin (Table 4). The control

group shows catastrophic fracture pattern whereas all fiber

reinforced samples shows ‘‘partial’’ fracture pattern

(Fig. 7).

Discussion

This study compared the effect of fiber reinforcement on

the flexural strength of commonly used resins in the fab-

rication of provisional restorations. Although the study was

in vitro study, the values were helpful in comparing

materials under controlled situations and can be a useful in

predicting their clinical performance [1, 2, 5].

The findings of this study were found to be in agreement

with Osman and Owen [13] study, which revealed that the

heat cure PMMA had higher flexural strength followed by

bis-acryl composite and self-cure PMMA resin without any

fiber reinforcement.

The commonly used glass fibers in dentistry are E & S

glass fibers. The tensile strength of S-glass fibers

(4,750 MPa) is more comparing to E-glass fibers

(2,000 MPa). The glass fibers are available in unidirec-

tional and woven form and compared to woven glass fiber,

the unidirectional glass fiber has more flexural strength [9].

Plasma treatment of polyethylene fibers increases the
Fig. 6 Means flexural strength (MPa) of control and fiber reinforced

groups

424 J Indian Prosthodont Soc (Oct-Dec 2013) 13(4):421–427

123



surface energy and thereby improves their chemical

activity [27].

Kim et al. [28] compared three experimental fibers post

(E-glass, polyethylene and aramid) having common cus-

tomized resin matrix. In our study we used pre-impreg-

nated glass fibers and plasma treated polyethylene fibers.

The pre-impregnation makes fibers to be united and also

ensured uniform impregnation without any voids in

between the fibers.

This study showed that the tested fibers increased the

flexural strength of provisional restoration resins. Accu-

rately placed and orientated impregnated fibers increased

flexural strength. The increase was due to transfer of stress

from the weaker polymer matrix to the fibers that have a

high tensile strength. The stronger the adhesion between

the fiber and the matrix, the greater the strengthening

effect. In the both heat cure and self-cure PMMA resins,

polyethylene fibers show better reinforcement than glass

fibers. The improved performance of polyethylene fibers

could be due to the use of plasma treatment to increase the

degree of adhesion of the polyethylene fibers to the resins

[10, 22]. Whereas the glass fiber with dimethacrylate resin

pre-impregnation causes less reinforcement in multiphase

PMMA resins as the highly cross-linked dimethacrylate

polymer matrix did not form an interpenetrating polymer

network bond with multiphase acrylic resin [29].

In this study it was noticed that the percentage of rein-

forcement was appreciably increased in auto polymerizing

PMMA than heat cure PMMA resin. This was maybe due

to inadequate impregnation that occurred with the heat

curing PMMA, which formed a high viscous dough stage

with a poor wetting property. With auto polymerizing

acrylic resins, the resin was applied to the fiber bundle still

in a relatively low viscous stage, and better impregnation

of the fibers can be obtained [30].

In the case of auto polymerizing bis-acryl composite

resin, glass fibers showed better reinforcement than poly-

ethylene fibers. This may be due to the fact that pre-

impregnated dimethacrylate resin enhances the bonding of

bis-acryl composite with glass fibers [29, 31].

Table 2 Mean flexural strength values (MPa), standard deviation (SD) and results of the one-way ANOVA and post hoc test Tukey-HSD

between the three subgroups of control and fiber reinforced groups

Subgroups Group A Group B Group C

Mean SD Mean SD Mean SD

I 72.74c 2.28 92.68b 1.58 96.00b 2.63

II 52.88a 1.90 76.40a 2.11 86.17a 1.92

III 67.05b 2.35 105.95c 3.07 99.41c 1.74

Value \0.001** \0.001** \0.001**

**Differences are statistically significant at the 0.001 level. Tukey grouping is given in alphabets

Table 3 Independent t-test between the glass and polyethylene fibers

Subgroups Group B Group C Significance level

Mean SD Mean SD

I 92.68 1.58 96.00 2.63 0.03

II 76.40 2.11 86.17 1.92 0.00

III 105.95 3.07 99.41 1.74 0.00

Table 4 Percentage of increased strength of fiber reinforced groups

in comparison to the control group

Subgroups Group B (%) Group C (%)

I 27 32

II 44 63

III 58 48

Fig. 7 Partial fracture pattern in fiber reinforced sample
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In Eronat et al. [32] study, the woven E-glass fiber

reinforcement in hybrid composite showed more flexural

strength than in micro-filled composite material. The pre-

vious studies like Kulkarni et al. [33] and Sen et al. [34],

the polyethylene fiber reinforced composite material

(micro-filled and hybrid) showed more flexural strength

than silanized woven E-glass fiber reinforced composite.

But our result contraindicated this, where unidirectional

S-glass fiber shows more reinforcement than polyethylene

fiber in bis-acryl composite. The results of both studies

cannot be compared, since type and form of glass fibers

(woven E-glass and unidirectional S-glass), pre-impregna-

tion materials used and also type of composite materials

(direct filling composite and bis-acryl composite) were

different. Factors that related to the strength of the fiber

composite were ‘‘type of fiber, quantity of fibers in the

polymer matrix, orientation of fibers, fiber impregnation,

and adhesion of fiber to the polymer matrix’’ [32].

The mode of failure of fiber reinforced resins samples

showed a ‘‘Partial’’ fracture pattern, where the joints

remained intact but a small portion of the pontics were

separated as a result of a cohesive failure of the resin

materials. Clinically, this is perhaps the most favorable

mode of fracture of the provisional prosthesis as the res-

toration remains intact and the treatment rendered is unli-

kely to be compromised [3].

Conclusion

They are different glass and polyethylene fiber system

available, and the each fiber system varies in the type,

form, fiber content and pre-impregnation technique

employed. So the results are valid only for the products

deployed in the study.

Within the limitations of this in vitro study, the fol-

lowing observations were made:

• All the fiber reinforced samples possessed greater

strength than the control samples.

• Within the control samples, the heat cure PMMA resin

had the highest flexural strength, followed by bis-acryl

composite and self-cure PMMA resin.

• In both heat and self-cure PMMA resin, the polyeth-

ylene fiber reinforcement (Ribbond) provides the

greatest strength than glass fiber reinforcement

(Splint-It).

• In self-cure bis-acryl composite, glass fiber reinforce-

ment (Splint-It) provides the greatest strength than

polyethylene reinforcement (Ribbond).

• Both glass (Splint-It) and polyethylene fiber (Ribbond)

reinforcement showed highest flexural strengths in bis-

acryl composite resin followed by heat cure and self-

cure PMMA resin.

• Both glass and polyethylene fiber reinforcement altered

the mode of failure of the provisional restorative resins

under compressive load from a catastrophic failure to a

partial fracture pattern.
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