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Abstract

BACKGROUND: Poly methyl methyacrylate (PMMA) has been widely used as a denture base material in dental field for a long
time. However, the fracture of acrylic resin dentures is an unresolved problem in prosthodontics. Therefore, how to improve the
flexural strength of repaired denture seems to be extremely important.

OBJECTIVE: To study the effect of embedding different amounts of metal wires on the flexural strength of repaired denture bases.
METHODS: Twenty-five rectangular specimens (50 mm x 30 mm x 2.5 mm) were fabricated using heat-cured acrylic resins and
randomly and evenly divided into five groups: A, B, C, D, and E. All specimens were fractured through the use of universal testing
machine, and the flexural strengths were tested. Following preparation of fracture surfaces, one to four metal wires were separately
embedded in the groups B, C, D, and E. No metal wires were embedded in the group A. All fractured specimens were repaired
using self-curing resins. The flexural strengths were measured again using the same testing machine, and the percentages of

strength recovery were calculated.

RESULTS AND CONCLUSION: After repair, the flexural strengths were obviously reduced (P < 0.01). Compared to group A, the
percentages of strength recovery were significantly increased in groups C, D, and E (P < 0.05). There was no significant difference
in the percentage of strength recovery among groups C, D, and E (P > 0.05). These results indicate that embedding two to four

metal wires can improve the flexural strength of denture bases.

INTRODUCTION

Since 1940s, poly methyl methyacrylate (PMMA) has
been widely used in dental field as denture bases
material"l. The fracture of acrylic resin dentures is an
unresolved problem in prosthodontics because of its
lower toughness and strength®?.. In order to improve
the repair strength, many different approaches have
been applied on broken dentures, such as modifying
the denture material itself (high-impact resins)*" or
reinforcing the strength®'?. Gregory et al" reported
that the most common reinforcing technique was the
use of metal wires or metal nets embedded in the
prostheses!™. In this study, the common heat-cured
acrylic resin was used to make specimens. When the
specimens were repaired, different amount of metal
wires with a diameter of 1.0 mm were embedded. The
flexural strengths were measured, and the percentage
of strength recovery was calculated in order to provide
reasonable guidance for clinical application.

MATERIALS AND METHODS

Design
A controlled observation study.

Time and setting

This experiment was performed at the
Prosthodontics Laboratory, Affiliated Hospital of
Qingdao University Medical College from August to
October 2009

Materials
Primary materials and equipment used are listed as
follows.

Material/equipment Source

Denture base resin (type I )
powder

Denture base resin (type )
liquid, denture base resin
(type I1') powder

Denture base resin (type 1)
liquid

Base plate wax (for general
use)
Metal wires (for dental use)

Waterproof abrasive paper
(600

Vernier caliper (precision
0.01 mm)

Universal testing machine
(AGS-J)

Nisshin Dental Material
Co., Ltd., Japan

Shanghai Dental Material
Factory, China

Shanxi Changzhi Dental
Instrument
Co.,Ltd.,China

Shanghai Dentistry Fac-
tory, China

Shanghai Kanggiao Den-
tal Instrument, China

Shanghai Grinding Wheel
Factory, China

Beijing Xingao Tong-
chuang Science and
Technology Co., Ltd.,
China

Daojin, Japan

Methods

Preparation of specimens

Twenty-five wax sheets (50 mm x 30 mm x 2.5 mm)
were prepared with denture base plate wax. The wax
sheets were flasked and boiled-out as regular methods.
The heat-cured acrylic resins were mixed, packed, and
processed as recommended by the manufacturer. The
water-bath heat polymerization process is as follows:
polymerized at 70 °‘C for 90 minutes, remained at

100 C for 30 minutes, and finally naturally cooled to
ambient temperature. The specimens were roughly
grinded with dental bur, and polished with 600#
waterproof abrasive paper. The sizes of these
specimens were accurately measured with a vernier
caliper. All the specimens were randomly and evenly
divided into five groups: A, B, C, D, and E. Each group
contained five specimens. Specimens were stored in a
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distilled water bath at (37+1) “C for 24 hours, and then the flexural
strengths were tested.

Flexural strength test

All specimens were tested in airat 21 C through the use of
universal testing machine. The span was 40 mm, and the
crosshead speed was 1 mm/min. The flexural strength (o) was
measured by three-point bending test and calculated by the
following equation:

0 = 3FL/2bh?

Where F stands for the breaking load (N), L is the test span (mm),
b is the width of specimen (mm), and h represents the thickness of
specimen (mm).

Repair procedure

Group A was the control group and had no metal wire repair. The
specimens of group B, C, D, and E involved 1, 2, 3 or 4 metal
wires, respectively. The length of each metal wire was 10 mm, and
the diameter was 1.0 mm. All groups were repaired using
self-curing resins.

The fractured specimens were restored and the two fractured
sections were kept on the original level. The fractured surfaces
were adhered with gel, and the specimens were fixed in the dental
stone!. A dental grinding bur was used to move apart resin to
leave a 5 mm gap along the fractured line and to create one to
four channels which were perpendicular to the fractured line for
placement of wires. The metal wires were separately placed with
proportional spacing in different groups according to experimental
design. Self-curing resins were mixed as usual and the specimens
were repaired. At 60 minutes after polymerization process at room
temperature (21 °C), the specimens were trimmed to their original
dimensions with 600# waterproof abrasive paper and kept in
distilled water at (37+1) °‘C for 24 hours. The flexural strengths
were tested again and the percentage of strength recovery was
calculated.

Main outcome measures

The original flexural strengths test and the flexural strengths test of
repaired specimens, and then the percentages of strength
recovery were calculated.

Design, enforcement and evaluation

The first and second authors designed this study. The first author
collected data and performed all experiments. The first and
second authors also evaluated experimental data using a blind
method.

Statistical analysis

All data were statistically processed using SPSS 11.5 and PPMS
15" software. Paired t test was used to compare the flexural
strength between prior to and after repair. One-way analysis of
variance was employed to compare the percentage of strength
recovery between groups. A value of P < 0.05 was considered
statistically significant.

RESULTS

After repair, the flexural strengths were obviously reduced (P <
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0.01). Compared to group A, the percentage strength recovery
was significantly increased in groups C, D, and E (P < 0.05).
The group D yielded the highest percentage of strength
recovery, being 66.74%. There was no significant difference in
the percentage of strength recovery among groups C, D, and E
(P> 0.05; Table 1).

Table 1  Comparison on original and repaired flexural strength of
specimens and the percent age of strength recovery in
different groups (xxs, n=5)

Original flexural ~ Repaired flexural Percentage of strength

SRl strength (MPa)  strength (MPa) recovery (%)
A 91.0848.34 42.1619.55 46.1848.12
B 91.0749.19 51.25+8.88 56.15+6.60
Cc 83.1948.91 53.55+6.47 64.708.70%
D 85.20+7.03 57.4245.31 67.58+6.40%
E 85.1449.23 54.93+8.95 64.58+7.65%

4P < 0.05, vs. group A; Group A had no metal wire repair; Groups B, C,
D, and E involved 1, 2, 3 or 4 metal wires, respectively; The length of
each metal wire was 10 mm, and the diameter was 1.0 mm.

DISCUSSION

PMMA has been widely used as a denture base material in the
clinic. It has many good properties, such as beautiful color and
easy to operate!'>"®. However, PMMA resin matrix is a linear
polymer, and the molecular chain has greater stiffness, less
crosslinking degree, so acrylic resin exhibits lower toughness
and strength, which easily leads to fracture!'”"®. In addition, the
mechanical property of acrylic resin is relevant to
polymerization method!'®2" The stress of the denture base is
restricted during the polymerization shrinkage process of
heat-cured acrylic resins, and the stress is released in function.
The process results in the change of base dimension, so the
microcrack occurs??. In the clinic, denture fracture occurs
because of many different reasons which happened outside or
inside the mouth®*?*. According to a survey, midline fracture is
the most common problem. It is the result of flexural fatigue
failure caused by cyclic deformation of the base®®. If PMMA
denture base adapts to the oral cavity, and the patient felt
comfortable, then old denture should be repaired. Regardless of
the reason for the fracture or the method of repair, satisfactory
repairs must have adequate strength, be easily and rapidly
completed, match the original color of the material, and retain
its dimensional accuracy. However, these criteria cannot always
be achieved®®. Many different approaches have been applied
in broken dentures.The most common reinforcing technique is
presently the use of metal wires or casted metal nets in the
prostheses??”). However, there are different opinions as to the
amount, dimension, space, and effect of embedded metal wires.
In this study, 1.0 mm round metal wires was used to repair the
broken specimens. According to the design, different amount
metal wires were embedded in different groups, but the repair
method and the testing condition remained essentially the same.
The metal wires were placed perpendicular to the fractured line,
and were kept proportional to the space, in order to reduce
stress concentration as much as possible.

The experiment results are shown as follows: @O After repair,
the flexural strengths were obviously reduced (P < 0.01). This
occurs possibly due to a fact that the newly filled self-curing
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resins have lower density and higher brittleness. The resins and
the smooth surface of metal wires cannot fit together tightly, so
the adhesive property is decreased®. The incorporation
between resins and metal wires plays a dominant role in the
overall mechanical behaviors of the repaired specimens.
Furthermore, there is a bonding interface between self-curing
resins and heat-curing resins. Metal wires can only increase the
inside strength of bases, but the adhesive property of bonding
interface cannot be increased®!. @ Compared to group A, the
percentage of strength recovery was significantly increased in
groups C, D, and E. These results indicate that the
incorporation of metal wires allows greater deflection of
specimens prior to fracture occurs. It suggests that more forece
is necessary for breaking the denture. In addition, metal wires
can disperse stress and resist stress transference. Vallittu

et al®™ reported that round and half-round metal wires thicker
than 1 mm had a significant reinforcing effect on denture resins
when compared to unreinforced ones. These findings are in
consistent with results from this study. & The percentage of
strength recovery was highest in group D. Compared to groups
C, D, E, the percentage of strength recovery increased initially
and then decreased. These results are not significantly different
from each other (P > 0.05). In conclusion, embedding two to
four metal wires whose diameter is 1.0 mm can improve the
repair flexural strength of denture base. It is worth nothing that
metal wires should be placed perpendicular to the fractured line,
and kept several millimeter spacing between wires for
improving the repair effect.
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