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Objective: To evaluate the effect of glass fibers on acrylic resin fracture strength in simulated implant-supported
overdenture (I0D) abutments.

Methods: A model was designed to simulate the clinical situation of an IDO (50x12x1.5 mm). Thirty models were di-
vided into three equal groups: ten models not supported with glass fibers (control group), ten models with one layer
of glass fibers (experimental group I) and ten models with two layers of glass fiber (experimental group II). All models
were exposed to a three-point bending test, and fracture loads were analyzed using a one-way analysis of variance
(ANOVA) followed by Bonferroni post-hoc test.

Results: I0D models reinforced with two layers of glass fibers (experimental group II) showed a mean ultimate load at
fracture of 48.69 + 3.71 Newton (N) compared to mean loads of 32.78 + 2.41 N and 24.42 + 2.73 N for the models rein-
forced with one layer (experimental group I) and non-reinforced with glass fibers (control group), respectively. ANO-
VA showed a statistically significant difference between the three groups regarding the mean ultimate load at fracture,
and Bonferroni post-hoc test showed statistically significant differences between both experimental groups and the
control group as well as between experimental group I and experimental group II.

Conclusions: The fracture strength of IDO abutments increases significantly by the addition of acrylic resin pre-
impregnated with glass fibers, even when the thickness of acrylic is thin.
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1. Introduction

An overdenture is a removable dental prosthe-
sis that covers and rests on one or more re-
maining natural teeth, their roots and/or dental
implants (1). Research on the methods of dental
support that stabilize the denture is dated back
to 1856, when Ledger (2) proposed the use of
natural teeth to anchor a removable denture.
Since then, several modifications have been in-
troduced into traditional complete denture de-
signs to confer them additional support and
stability (3). Moreover, Mericske-Stern et al. (4)
proved the effectiveness of implant-supported
overdentures (IODs) as an alternative to con-
ventional dentures (CDs). In addition, roots un-
der the denture base were found to preserve
the alveolar ridge, provide sensory feedback
and stabilize the dentures (4).

Morais et al. (5) reported that 10Ds have
been more popular for edentulous patients be-
cause of their maladaptation to complete CDs.
Despite the difference between the biologic ba-
sis of implants installed in the bone and the
roots surrounded by a periodontal membrane,
the prosthetic concept is similar. Lack of perio-
dontal proprioceptors reduces the tactile sensa-
tion caused by dental implants. The main ad-
vantages of 10Ds include decreased residual
ridge resorption, improved psychologic status
of the patient and maintained masticatory effi-
ciency (5). Moreover, I0Ds tend to be more suc-
cessful compared to root-supported overden-
tures (6).

On the other hand, CDs are no longer rec-
ommended as the first choice for edentulous
subjects because of their reduced retention and
stability, difficulty in speaking and chewing, ac-
celerated residual ridge resorption and psycho-
logic effect on the elderly subjects. The two-10D
has been suggested as the standard method for
edentulous mandibles (7). Although

I0D improves the masticatory efficiency of eden-
tulous patients (8), several complications still
occur. These include surgical complications, im-
plant or bone loss, peri-implant soft tissue prob-
lems, mechanical issues and esthetic/phonetic
complications (9).

Mechanical complications include fracture of
prosthesis framework, which may occur as a re-
sult of an increase in biomechanical forces (10).
Moreover, fracture of denture bases tends to oc-
cur more frequently around abutments due to
insufficient thickness of acrylic resin resulting
from attachment thickness (11). Despite the an-
nual global cost of repairing fractured dentures,
repaired dentures are not so strong or function-
al as intact ones (12). Therefore, several meth-
ods have been suggested to strengthen the den-
ture base material, including the chemical modi-
fication by copolymerization with rubber graft
copolymer or adding cross-linking agents or fi-
bers (13). However, each method has its disad-
vantages; for example, high-impact strength res-
in has poor flexural strength compared to con-
ventional acrylic resins (14). On the other hand,
metal and glass fibers exhibit different mechani-
cal properties, high elasticity and lack of resili-
ence (15). Fibers have been demonstrated to be
more effective than metal glass, where their
lower modulus of elasticity compared to metals
provides more favorable stress distribution pat-
tern (15).

The physical and mechanical properties of
acrylic resins have been improved by reinforc-
ing them with several types of fibers such as
carbon fibers, which increase flexural and im-
pact strength, prevent fatigue fracture and in-
crease fatigue resistance. However, these fibers
have an undesirable dark color (16). Aramid fi-
bers are resistant to chemicals, have a high
thermal and mechanical stability and increase
the impact strength (16, 17), but these are also
unaesthetic and their use is limited to certain in-
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traoral applications (16). Although they need a
long time for preparation (18, 19), polyethylene
fibers increase the flexural and impact strength,
modulus of elasticity and are almost invisible in
the acrylic denture base (16). Nylon fibers are
polyamide fibers that are resistant to shock and
repeated stress. However, their mechanical
properties are affected by water absorption
(16).

Reinforcement of acrylic resin with glass fi-
bers results in good adhesion to dental fibers,
with good aesthetic results and acceptable cost.
Compared to metal, glass fibers are light, easy-
to-prepare and nontoxic, leading to their wide-
spread use (20). These fibers are available in
three forms: continuous parallel, chopped and
woven (16, 21) and have been introduced as a
substitute for metals when high mechanical
stresses are expected (22). Several factors in-
fluence the effectiveness of fiber reinforcement,
including the quantity of fibers, their length, di-
rection, form, position, adhesion to the polymer
matrix, impregnation with the resin and type of
resin (15). The greater the quantity of fibers,
the greater the reinforcement effect that can be
gained. If the fibers are located in the prosthesis
tensile stress zone, compressive stresses may
develop during compression at occlusal contact
points and tensile stresses may develop on the
opposite side next to the alveolar ridges, where
a neutral stress zone results between these two
stresses (23, 24).

Because the use of 10D improves the pa-
tients’ quality of life, the way to overcome the
fracture of acrylic overdentures in the area cov-
ering their abutments was the research prob-
lem of the present study. Therefore, it aimed to
evaluate the effect of reinforcing the acrylic res-
in with glass fibers on the fracture strength
around a simulated IOD abutment.

2. Methods

2.1. Study design and models

Thirty models (50-mm long x 12-mm wide x
1.5-mm thick) (22, 25) were fabricated with
Vertex TM Modelling Wax Hard(Vertex-Dental,
Zeist, The Netherlands), and square pieces were
fabricated with base plate wax (12 mm long x 4
mm thick) and placed in the center of the mod-
els while being warm. Metal cylinders of 4 mm
diameter and 15 mm length were placed over
the models for 4 mm depth to create an in vitro
model simulating the clinical situation observed
with IOD. The ISO 2008 standard was modified
to simulate the clinical situation of acrylic resin
denture over an implant assembly (22, 23, 26,
27).

The wax of the models was then isolated
with Renfert® Picosep (Alphabond Dental, Hil-
zingen, Germany) before their placement into
Elite® dental stones (Zhermack SpA, Badia
Polesine, Italy), which filled the lower half of the
denture flask. Then, a half of the wax models
were coated with the stone, and the metal cylin-
der was in the top half of the flask. After the
stone had set, the exposed stone was coated
with a separating fluid (Ivoclar Vivadent,
Schaan, Liechtenstein). Then, the upper half of
the flask was filled with the dental stone and al-
lowed to set for three hours. After submerging
the flasks in boiling water for five minutes, the
wax was brushed manually with a detergent so-
lution and rinsed with clean boiling water. The
exposed stone surfaces were then recoated with
the separating fluid.

Woven glass fibers (Vectris®, Ivoclar Viva-
dent AG, Liechtenstein) were cut into pieces of
50-mm length and 10-mm width according to
the manufacturer’s instructions. These pieces
were then cured by a light curing device (Mega-
denta, Dentalprodukte, Germany). Thereafter, a
0.5-mm-thick polymethyl methacrylate (PMMA)
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strip was compressed on the lower half of the
flask, and one or two layers of glass fibers were
placed over the PMMA of the models of experi-
mental groups I and II (ten models each), re-
spectively. However, the ten models of the Con-
trol Group were left without glass fibers. Then,
an additional amount of PMMA was added to
the desired thickness (1.5 mm).

Heat polymerized denture base RESPAL NF
resin (Salmoiraghi Produzione Dentaria S.R.L.,
Mulazzano, Italy) was used to pack the flasks
according to the manufacturer’s instructions.
After that, the flasks were closed with a hydrau-
lic pressure of up to 1500 psi. Excess acrylic
was then removed and reclosed with a hydrau-
lic pressure of up to 3500 psi. Flasks were pro-
cessed in water bath at 63-750C and 1000C for
1.5 hours and half an hour, respectively, and
were then allowed to cool at room temperature
for four hours. Finally, the models were fin-
ished, polished and stored in water at room
temperature for 50 hours according to standard
procedures (23, 26, 27).

2.2. Fracture strength testing

The models were subjected to three-point
bending test in a universal testing machine (In-
stron®, Canton, Massachusetts, USA) at a cross-
head speed of 2 mm/min. (23). The models
were supported at two points 44 mm apart as
shown in Figure (1), and the load was applied
on the simulated abutment. Because the stand-
ard flexure strength method could not be ap-
plied as a result of the irregular geometry of the

models, the ultimate loads at fracture in New-
ton (N) were used as the outcome measure
(22).

IThree - point
Test Load Qﬂ

N,

Simulated
abutment

1 or 2 Layers af
glass fiber mesh

Simulated|
abutment

LOWER VIEW

Figure 1. A schematic model of specimens. All dimensions are in
millimeters.

2.3. Statistical analysis

Data were analyzed using the Statistical Packag-
es for Social Sciences (SPSS) software, version
20.0 (IBM Corp., New York, USA). The normality
of outcome distribution was checked using Kol-
mogorov-Smirnov, and differences in load frac-
tures were then analyzed using one-way analy-
sis of variance (ANOVA) followed by Bonferroni
post-hoc pairwise comparisons. Differences
were considered statistically significant at P-
values <0.05.

3. Results

3.1. Fracture strength of the simulated 10D
models reinforced with glass fibers

Table (1) shows that the group reinforced with
two layers of glass fibers (experimental group
I1) had a mean ultimate load at fracture of 48.69
+ 3.71 N compared to mean loads of 32.78 + 2.41
N and 24.42 + 2.73 N for the models reinforced
with one layer (experimental group I) and non-
reinforced with glass fibers (control group), re-
spectively. ANOVA showed a statistically signifi-
cant difference among the three groups regard-
ing the mean ultimate load at fracture.
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Table 1. Fracture strength of the simulated 10D models reinforced
with glass fibers as indicated by the ultimate load at fracture

Ultimate load at frac-

t
ure (N) L o
2 =
Grou a 1 <
P 7 e 5 3 g
o £ £ =
3 g 5
s = =
Control 24.42 18,51 28.64

*2.73

168934 <0.001

Experimental I 32.78 2932 4041
+2.41

Experimental II 48.69 3645 52.71
+3.71

10D, Implant-supported overdenture; N, Newton; SD, standard
deviation

Bonferroni post-hoc test showed statistical-
ly significant differences between both experi-
mental groups and the control group as well as
between experimental group I and experi-
mental group II (Table 2).

Table 2. Bonferroni pairwise comparisons among the control and
experimental groups regarding the ultimate load at fracture

Mean

Number of Number of difference SE  P-value
layers (I) layers (]) (L])*
Control Experimental -8.35 1.34 <0.001
group group |

Experimental -24.26 1.34 <0.001

group II
Experimental Experimental -15.91 1.34 <0.001
group 1 group II

SE, Standard error; *, The negative sign of the mean difference in-
dicates that the value of the mean ultimate load of the control
group was less than that of each reinforced group.

4. Discussion

The present study tested the fracture strength of
two types of simulated models reinforced with
one or two layers of glass fibers in comparison
to a non-reinforced model. The thickness of the
conventional denture base ranged from 1to 4
mm, while the thickness of the models was
1.5mm (28). Furthermore, the abutments of the
overdentures were covered with at least 2-mm
layer of acrylic resin to prevent complications
(29). The thickness of the study models was
adopted as reported in a previous study (22),
considering that the remaining distance for the
acrylic due to the implant components is less
than 2 mm was due to the implant components.

Glass fibers are preferred for reinforcement
of 10Ds due to their unique characteristics in
comparison to other types of fibers, including
their aesthetic appearance, good mechanical
characteristics and biocompatibility (20). The
acrylic resin impregnated with fibers provides a
better reinforcement than non-reinforced ones.
Clinically, readymade pre-impregnated fibers
are more efficient and have less technical prob-
lems (30). Therefore, pre-impregnated fibers
had been chosen. Moreover, woven glass fibers
were used because of their easier processing
and shearing in comparison to the continuous
parallel ones (28, 29). These fibers had been po-
sitioned in the tensile stress zone, which is in the
lower third of the models and on the side oppo-
site to the applied force due to the effect of their
position on the results, where glass fibers must
be placed in the area upon which greater tension
can be applied (23). As a role, the fibers must be
perpendicular to the applied forces to produce
the best resistance (29, 31).

The present study showed that adding glass
fibers to the acrylic resin in simulated 10D
abutments had resulted in a significant increase
in the fracture strength. This finding is in
agreement with those reported in previous stud-
ies (32-34). In contrast, it disagrees with that by
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Uzun et al. (35), who found no effect on the
fracture strength of acrylic resin reinforced
with glass fibers. This might be due to the posi-
tion of fibers in the center of models in their
samples, while the fibers were positioned in the
tensile stress zone in the present study. In addi-
tion, the present study is inconsistent with that
conducted by Minami et al. (36), who found no
improvement in the fracture strength during
their study of the repairing of heat-polymerized
acrylic by reinforced self-polymerized acrylic
with glass fibers. However, Fonseca et al. (15)
reported that there was an improvement in the
fracture strength by adding glass fibers, wheth-
er in heat- or self-polymerized acrylic. The dis-
agreement between the results of the present
study and those reported by Minami et al. (36)
could be attributed to the difference in the posi-
tion of fibers in the center of models in the for-
mer study.

The present study showed that the number
of glass fiber layers affects the fracture
strength. Therefore, the higher the number of
fiber layers added in the tensile stress zone, the
more the fracture strength of the IOD. This is in
line with the findings by Dyer et al. (37) and
Agha et al. (38) regarding the quantity of fibers
added to the tensile stress zone of prostheses.
However, it disagrees with the finding by Kanie
et al. (23), who found that the increase in the
number of fiber layers does not increase the
fracture strength. This might be due to the dis-
tribution of fibers in the center and sides of the
models of their study, while the fibers were dis-
tributed in the tensile stress zone in the present
study.

The present study is limited by the fact that
the tested in vitro model may not duplicate the
stress environment seen clinically. Because the
acrylic resin fracture of 10D occurs by an accu-
mulative effect in clinical situations, acyclic
loading may provide additional valuable data

(39).

5. Conclusions

Fracture strength of acrylic resins in the tensile
stress zones of 10Ds can be increased by the ad-
dition of pre-impregnated woven glass fibers.
Moreover, it can be further improved by using
two glass fiber layers. Further studies mimicking
the oral condition are recommended to repre-
sent the clinical scenario.
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