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Effect of Addition Retention Bead and Repair Material on Transverse
Strength of Repaired Acrylic Denture Resin
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Abstract

Objective: One of the most important practical deficiencies of present denture base materials is fracture, therefore many
attempts have been made to reinforce of the repaired denture base resin. A desirable objective for this service is to obtain
optimum strength for repairs, which can be achieved by making available a good bond between original and repaired
materials.

Methodology: The present study was carried out to evaluate and compare the transverse strength of acrylic specimens
repaired by two different materials (hot-cure and cold-cure acrylic resin). A total of 50 specimens were prepared by hot
(40) repair: (10) by hot with retention bead, (10) by cold with retention bead and (10) repair by hot only, (10) repair by cold
only, and (10) un repair control made from hot cure acrylic resin. Transverse strength was measured for each specimen
using three points bending on a brinell transverse testing machine.

Results: The result showed that the repair with heat-cure acrylic resin with retention bead has a significant higher than the
repair with cold-cure acrylic resin with retention bead and higher than control specimen (unrepaired).

Recommendations: It can be concluded that the hot acrylic resin with retention bead are an important parameter in the
reinforcement of repaired acrylic denture base resin.
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Introduction

Denture base acrylic resin may be subjected to different types of stress, intra orally; repeated
masticatory force can lead to fatigue phenomena, while extra orally high-impact force may occur as a
result of dropping the prosthesis. As a consequence, fracture of the denture base can result, regardless
of the reason of fracture or the method of repair".

Acrylic resin complete dentures are susceptible to fracture after long periods of clinical use .
The repair of fractured prosthesis can be accomplished using acrylic resins that are auto polymerized,
heat polymerized or microwave polymerized .

The ultimate goal of denture repair is to restore the dentures original strength and avoid further
fracture. Satisfactory repairs must be easily and rapidly completed, match the original color of the
material, and maintain dimensional accuracy during repair .

Several materials have been used in repair to restore fracture acrylic denture, including auto
polymerized acrylic resin, heat-polymerized acrylic resin, visible light-polymerized resin “?. Also,
several techniques have been proposed to repair fractured dentures to restore their original strength ©.
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However, recent developments in processing methods and materials may result in superior
strength of heat polymerized and autopolymerizing acrylic resins to those previously reported. For
example, the use of glass fibers and groove or use of wire loops with acrylic resins ”. Retention bead
its made from stainless steal used for retention crown and bridge cast base ‘.

The purpose of this in vitro study was to evaluate the transverse strength of a heat polymerized
acrylic resin, when repaired heat polymerized acrylic resin with auto-polymerizing acrylic resin or heat
polymerized acrylic resin and use the retention beads.

Methodology
Sample Groups were as following:

The total of (50) specimen were used in this study, specimens are divided as follow:
Ten Specimens made from hot cure acrylic resin (control Groups).
Ten Specimens repaired by hot cure acrylic resin only
Ten Specimens repaired by cold cure acrylic resin only
Ten Specimens repaired by hot cure acrylic resin with retention bead
Ten Specimens repaired by cold cure acrylic resin with retention bead

General preparation of the acrylic specimens:
Instead of wax pattern preparation which needs more time and effort in its preparation and wax
elimination procedure, the metal pattern was constructed with a dimension of (65mm X10mm

X2.5mm) length, width, thickness respectively used for transverse strength test ®.

The conventional flasking techniques for complete dentures were followed in the mold
preparation. Two metal patterns were coated with a separating medium and allowed to dry before
investing them in the lower half of the flask which contained stone mixed according to the
manufacture instruction (100gm\31ml); (p\w); the metal pattern were inserted to its full depth and
allowed to set. After setting of stone, another layer of separating medium was applied on the stone
surface to facilitate the separation of the two halves of the flask later, then the upper half of the flask
was placed in position and filled with stone mixtures and allowed to be hardened for (60) minutes
before the flask was opened.

After removal of the metal pattern carefully with aid of the wax knife, the two halves of the
mold were coated with separating medium to be ready for packing with acrylic dough.

Pink heat cure acrylic powder with the liquid was mixed according to manufacture instruction
(2.25 gm\1 ml). (P\L), the liquid was placed in a clean and dry mixing jar followed by slow addition of
powder. The mixture was then stirred with a wax knife and allowed to stand in a close container at
room temperature to the dough stage. The dough then packed into gypsum mold when it was separated
cleanly from the walls of the mixing jar.

The resin was removed from its mixing container and; then packed into the mould which had
treated with separating medium. The two halves of the flask were closed together and placed under the
hydrolic press; and then the pressure was slowly applied to allow even flow of the dough throughout
the mold space. The pressure (20 bar) was then released .

The flask was opened and the over flowed material (flash) surrounding the mold space was removed

with wax knife .

Curing was done by placing the clamped flask in a thermostatically controlled water bath and
processed by heating is increase slowly from room temperature to (50-73°C) for (7-9) hours and then
the temperature is raised to (100°C) for 1-1 hour and '2 hour. After completing the curing, the flask
was allowed to cool slowly at room temperature for (30) minutes, followed by a complete cooling of
flask with tap water for (15) minutes before deflasking. The acrylic pattern ware then removed from
the stone mould ®.
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All flash of acrylic were removed with acrylic bur. To get a smooth surface, the stone bur
should be used followed by (120) grain size sand paper to remove any remaining small scratching with
continuous water cooling.

While polishing was accomplished by using brush and pumice with lathe polishing machine, a
glossy surface was obtained with wool brush and polishing soap on dental lathe using low speed (1500
rpm) and the specimens were continuously cooled with water to avoid over heating, which may lead to
distortion of the specimens.

The specimens were conditioned for one week in distilled water 37°C ® before fracture and
repaired.

Preparation of the repaired acrylic specimens:

The stone mold which had been used for processing the acrylic samples was used then as an
index for these specimens in the repair procedure. The samples and indices were numbered on
corresponding ends to allow realignment in the original position. The specimens were prepared with
45° bevel joint by using metal holding device had a central recess. The dimension of the central recess
of the holding device for preparation transverse strength specimens was (31 mm X 10mm X 2.5mm).

The acrylic specimen was placed in the central groove and we measure (3mm) in middle of
specimen and cut with a fissure bur near the bevel end, the distance about 1.5mm from the cut end we
cut with acrylic bur until we obtained 45° bevel joint, the depth of scratch is about 1.5mm to added
retention to the new acrylic resin and finish with a (120) grain size sand paper for (1) minute with
fixed speed, then polished with pumice for % minute ©.

Repair by cold cure:

The two parts of the sample to be repaired were realigned in its index after painting it with
separating media.

The proportion for cold-cure is 2.5:1 by volume (P\L) before that the index painting with
monomer. The mixtures was packed into joint after dough stage by wax knife, beneath and above the
retention bead and apply monomer on the new acrylic, in the space between the specimen. When the
thickness of specimen 2.5mm and thickness of retention bead is about Imm with diameter 2.5mm and
the distance between two halves of the specimen is about 3mm (45°bevel joint), with slight excess of
material to account for polymerization shrinkage and finishing .

Then the repair index with the repaired sample was left on the bench about '4 hours until it is
set, after we apply pressure by the clamp then finishing and polishing. All the repaired specimens were
stored in distilled water at 37°C for 48 hours before testing ).

Repair by Heat-cure acrylic resin:

The manufacturer's instructions were followed in proportioning and mixing of the polymer and
monomer, the polymer/ monomer ratio used was 2.25 gm/1 ml (for major acrylic resin).

Before that the index painting with monomer than the retention bead put in the space between
two half, the mixture was packed in to joint after dough stage by wax knife, beneath and above the
retention bead with slight excess of material to account for polymerization shrinkage and finishing.

The two halves of the flask were finally closed together and pressed in hydraulic press under
(1500 psi) for 5 minutes before clamping was done and then transferred to the water path.

Curing was carried by placing the clamp in a water path and processed by heating is increase
slow from room temperature to (50-73°C) for (7-9) hours and the temperature is raised to (100°C) for
I-1and 72 hours, after completing the curing the flask was allowed to cool slowly at room temperature
for (30) minutes followed by a complete cooling of flask with tap water for (15) minutes before
deflasking. Then the repaired specimens were removed from the stone mould and then finishing and
polishing. All the repaired specimens were stored in distilled water for 48 hours before testing ®.

The transverse strength was measured in air by three points bending on a Brinell transverse
testing machine. The device is supplied with a central loading plunger and two supports with polished
cylinder surfaces, (3.2mm and at least 10.5mm long and perpendicular to the longitudinal center line).

Auto-polymerizing Resin and Transverse Strength
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The distance between the centers of support is in the range of 50mm, and the loading plunger
was midway between the supports. The test samples were held at each end the two supports, and the
loading plunger was midway between the supports. The specimens were deflected until fracture
occurred. The transverse strength was taken from (Parameter) of the testing device.

Then the transverse strength was calculated using the following equation:

3PI

2bd?
Where:-
S= Transverse strength (N/mm?).
P=The load at fracture (N).
I= Distance between the supports (mm).
b= Width of specimen (mm).
d= Depth of a specimen (mm).

Results

Represent descriptive statistics which include (Mean, SD, SE, Minimum, Maximum). The
student t-test of acrylic specimen repaired by hot and cold cure acrylic resin result showed that the
highest mean transverse strength values were obtained with hot cure acrylic resin with retention bead
(57.1955). While, the lowest transverse strength values obtained with cold cure acrylic resin with
retention bead (43.8390). While, the lowest transverse strength values were obtained between hot cure
acrylic resin and cold cure acrylic resin.
As show in Table (1),(2) and Figure 1.

Table 1. Descriptive statistic for control and treated specimen

Range

n Mean Std. Deviation| Std. Error Minimum Maximum
Control 10 32.8244 4.8641 1.6214 27.00 43.20
Retention bead (Hot) 10 57.1955 9.2072 2.7761 31.05 64.30
Repair by hot cure acrylic 10 22.3400 1.2756 4034 20.30 24.10
Retention bead (Cold) 10 43.8390 45417 1.4362 40.32 51.30
Repair by cold cure acrylic 10 17.6100 9712 .3071 16.10 18.80
Total 50

n=Number; Std. Error= Standard Error; Std. Deviation= Standard Deviation
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Table 2. ANOVA with LSD test between control group with hot and cold

groups
ANOVA with
LSD test
Groups P-value Sig.
Control Retention bead (Hot) .000 | HS
Repair by hot cure acrylic .000 | HS
Retention bead (Cold) .000 | HS
Repair by cold cure acrylic .000 | HS
Retention bead (Hot) Repair by hot cure acrylic .000 | HS
Retention bead (Cold) .000 | HS
Repair by cold cure acrylic .000 | HS
Repair by hot cure acrylic Retention bead (Cold) .000 | HS
Repair by cold cure acrylic .051 | NS
Retention bead (Cold) Repair by cold cure acrylic .000 | HS

ANOVA= Analysis of Variance; HS= Highly Significant; LSD= Least significant dose;
P-value=Level of Probability at p<0.05; Sig.=Significance

Mean Transverse strength test / N
o
wn

Control Repair by hot cure Repair by cold cure
Retention bead (Hot) Retention bead (Cold
Groups

Figure 2. Bar Chart between control group and other groups

Discussion
The effect of types of acrylic resin on the transverse strength test:
The transverse strength of a material is the load at which the material fractures under bending

load 19,

The result reveal that repairs with cold acrylic resin show lower transverse strength than repairs
with hot-cure acrylic, this result may be due to the type of acrylic resin used in the present study and
the method of polymerization influence on the repair resin bonding strength, the results are in
agreement with the result of. Dar-Odeh and Abu- Hammed 1997 V. Surface treatment affects the
bond strength of repair material that the bond strength of denture base resin was sufficiently high to
suggest its clinical applicability as reline material '*. Some studies demonstrated that both auto
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polymerized acrylic resin and heat cured resin have comparable values for transverse strength and also
similar results with regard to their mechanical properties '*. Transverse bond strength of heat cured
resin did not differ significantly from that of auto polymerized acrylic resin %

A desirable objective for this service is to obtain optimum strength for repairs. So, this can be
achieved by making available a good bond between repaired surface and repaired material, bond
strength can be affected by several factors, including cross-linking of the materials, availability of the
monomer, and the degree of contamination during processing .

Effect of retention beads:

Denture fracture often occurs at the interface junction of the original base and repair materials,
rather than within these materials '®). It was reported that the presence of retention bead in repaired
prosthesis(]s%t)rengthened the acrylic resin which was similar to the results of the repaired specimens in
our study " ".

The important effective factors for variation of transverse strength in repaired samples are the
joint surface contours. Processing methods, distance between repaired sits, types of retention bead,
repairing acrylic resin, and porosity '7'®. The repair joint design was 45 ° bevels. The strength of
repairs made with round and 45 ° bevel joint contour were similar and significantly greater than those
with a butt joint design".

As a result, the most important factor for the success of denture repair is the retention between
the fractured sites and the repair material; stronger bond reduces the stress concentration and increases
the strength of repaired unit . There are numerous studies and methods concerning the strengthening
of PMMA or enhancing the adhesion between metal and acrylic resins this study is in agreement with
the work of Oraig 2001, Shimizu 2006 77,

Conclusion
The hot acrylic resin with retention bead is an important parameter in the reinforcement of
repaired acrylic denture base resin.
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