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ABSTRACT

Aims: Fracture of dentures is a common clinical finding in daily prosthodontic practice, resulting in
great inconvenience to both the patient and the dentist. A satisfactory repair should be cost-
effective, simple to perform, and quick. This study evaluated and compared the transverse strength
of two heat cure denture base resins repaired with auto polymerizing resin by wetting with methyl
methacrylate (MMA) at different time intervals.
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Materials and Methods: Stellon and Trevalon denture base materials were used in the study. A
total of 200 heat cure acrylic resin specimens (100 specimens each of Stellon and Trevalon acrylic
material) with the dimensions of (65 mm x 10 mm x 3 mm) were prepared. The specimens were
divided with 10 specimens for each of the test groups (n =10). The test groups were designated as
Group A through J. Repair gap of 2 mm was prepared in the centre of the specimen. The repair
surface of the specimens were wetted with MMA at different time intervals (1, 2, 3, 4, 5, 10, 15 and
30 minutes) and repaired by using auto polymerizing resin. The transverse strength of the repaired
specimens was tested by a 3 point bending test. All data was statistically analyzed with one-way
ANOVA, differences within the groups were analyzed by independent sample t -test.

Results: The results showed that the significant difference between the specimens wetted with
MMA at different time intervals. A gradual increase was shown in the mean transverse strength of
repaired specimens wetted from 1 minute to 5 minutes in Stellon and from 1 minute to 10 minutes
in Trevalon.

Conclusion: Wetting the repair surfaces with MMA for a period of more than 5 minutes and 10
minutes in case of Stellon and Trevalon respectively increases the incidence of adhesive failure in

the repaired specimens.

Keywords: Denture base materials; repair process; transverse strength; methyl methacrylate.

1. INTRODUCTION

Poly methyl methacrylate (PMMA) resin has
been the most widely used denture base material
ever since it was introduced in 1937 [1-4]. An
inherent disadvantage of the acrylic resin denture
bases is their liability to fracture during service as
a result of fatigue failure in the mouth or due to
impact forces outside the oral cavity [5,6]. Acrylic
resin dentures fracture due to stress
intensification and increased ridge resorption
leading to unsupported dentures, deep incisal
notching at the labial frenum, sharp changes at
the contours of the denture inclusions, previous
repair and residual methyl methacrylate (MMA)
stresses [3,7-14]. Fracture of dentures by impact

forces, on the other hand, is due to the
accidental dropping of dentures [3,8,15].
Research in improving flexural and impact

strength is aimed at modifying the composition or
reinforcing the PMMA with stronger materials
and developing new materials with better
properties [3,13,1-19].

Use of heat polymerized resins for denture repair
tends to warp the denture base because of the
release of internal stresses in the original denture
base when exposed to higher temperatures
during processing. This disadvantage has been
largely overcome by the use of auto-polymerizing
acrylic resins which does not require heat
application [20,21]. The type of surface contours
of the broken denture base fragments to be
repaired has a direct influence on the transverse
strength of the repair joint. Various studies have
stated that the rounded joints were clearly
superior to the rabett and butt joints and also

suggested that the gap between the fragments
should be 3 mm [22]. The studies also support
the theory that a properly made joint is as strong
as the geometric mean of the strength of the
repaired material and the strength of the material
being repaired [22-24].

Fracture of the repaired specimens often occurs
at the junction of old and new materials which
clearly indicates that the interface of old and new
materials is the location of stress concentration
[20]. If the failure is adhesive, the interface
between the heat polymerized and the auto-
polymerizing acrylic resin lacks strength, where
as cohesive failure indicates that bonding to the
repair surface was adequate [25]. The transverse
strength of auto-polymerizing acrylic resin is less
than that of heat activated acrylic resin [26].
Therefore cohesive fracture occurs in the auto
polymerizing acrylic resin at the repaired site. In
essence the success of denture repair relies
upon the phenomenon of bonding; hence
adequate bond between the resin materials is
essential. Therefore surface preparation of the
sites to be joined is of paramount importance to
assure a long life for the repaired denture base.

To achieve optimum strength for repairs, it is
essential that a good bond be achieved by
wetting the repair surfaces with MMA for certain
duration of time, which helps to dissolve the
PMMA and achieve a good bond [27]. Thus this
study was planned to evaluate and compare the
transverse strength after repair of the two
commercially available heat polymerized acrylic
resins such as conventionally available heat
polymerized acrylic resin Stellon and high impact
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strength material Trevalon heat acrylic resins
after wetting the repair surfaces with MMA for
various time intervals starting from 1 minute to a
period of 30 minutes.

2. MATERIALS AND METHODS

The materials used in this study are listed in
Table 1.

2.1 Specimen Preparation

Standardized metal dies with dimensions of 65
mmx10 mmx3 mm were fabricated to prepare
the gypsum mold [28,29]. The specimens were
fabricated using standard techniques along with
a mixture of monomer and polymer in ratio of
1:24 by weight, as per the manufacture
recommendations. The flask was immersed in an
acrylizer (Unident, Mumbai, India) at room
temperature for curing. The temperature was
raised slowly up to 70°C and held for 1 hour, and
then raised to 100°C and was maintained for half
an hour as it reduces the porosity [30]. Acrylic
specimens were finished and polished. By this
procedure 100 specimens each of Stellon and
Trevalon acrylic material were prepared and
divided into 10 groups with 10 specimens each
(n =10). The test groups were designated in the
following manner.

Group A: Unrepaired test specimens
Group B: Untreated test specimens.
Group C: Specimens  wetted  with
methacrylate for 1 minute.
Group D: Specimens wetted with MMA for 2

Methyl

Group J: Specimens wetted with MMA for 30
minutes.

2.2 Repair Process of Specimens

All specimens were stored in distilled water at
room temperature for 48 hours before testing.
The test specimens of each group except those
in Group A were invested horizontally in a repair
index prepared using dental stone. The sample
and the index were marked on the corresponding
ends to allow realignment in the original position.
A centering mark was made exactly at the centre
of each specimen with a marker pen and two
lines were drawn perpendicular to this marking
on either side of it. The sample was cut at these
lines with a separating disc, and the center
section was discarded. A carbide bur was used
to prepare a round joint contour by measuring
and drawing a line parallel to the prepared edge
at a distance equal to 1 mm from the prepared
edge on the top and bottom of the sample. For all
samples, the space between the repair edges
when placed in the repair index was 2 mm and
the prepared joint surface was round without any
sharp angles.

A plastic bowl of 10 cm diameter containing MMA
was used for wetting the fractured surfaces of the
specimens. A strip of adhesive plaster was
placed on the open end of the bowl and the
specimens were stuck to the plaster with only the
repair surface of the specimens coming in
contact with the MMA. The bowl was closed with
a lid and the specimens were wetted for periods
of1, 2, 3,4,5, 10, 15 and 30 minutes.

The repair procedure was done in the same
mould namely the repair index, in which the test
specimens were prepared. After wetting the
repair surfaces of specimens in MMA, the
specimens were placed back into the repair
index. Alginate separating medium was applied
carefully to the walls of the repair index around
the repair site. The specimens were repaired with
auto-polymerizing acrylic resin.

Table 1. The materials used in the study

minutes.

Group E: Specimens wetted with MMA for 3
minutes.

Group F: Specimens wetted with MMA for 4
minutes.

Group G: Specimens wetted with MMA for 5
minutes.

Group H: Specimens wetted with MMA for 10
minutes.

Group I: Specimens wetted with MMA for 15
minutes.

Material

Manufacturer

1. Clear heat cure denture base acrylic resin
2. Pink heat cure denture base acrylic resin

3. Pink autopolymerizing denture base acrylic resin

4. Dental Stone (Type lll Gypsum Product)
5. Cold-mould seal (Na/K alginate solution)

Stellon, DPI, India
Trevalon, Dentsply, India
Stellon, DPI, India
Kalabhai, India

Stellon, DPI, India
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Auto-polymerizing acrylic resin in the powder:
liquid ratio of 20.5 gm to 10 ml was mixed to
obtain a fluid consistency. The mix was poured
into the repair site until it filled the repair gap
without any entrapment of air voids. The joint
space was slightly overfiled to compensate
polymerization shrinkage and finishing.

As soon as the repair material lost its surface
gloss, the specimens were placed in a hydroflask
under warm water (40°C); pressure was applied
up to 2 bars and was maintained for 15 minutes.
After 15 minutes the specimens were recovered
from the hydroflask. All specimens were carefully
restored to their original dimensions by polishing
with  600-grit silicon carbide paper and the
specimens were stored in distilled water at 37°C
for 4 days before testing [24].

2.3 Transverse Strength Testing

All specimens were stored in distilled water at
room temperature for 48 hours before testing. A
three point load tester (Instron 3366, Instron
Corporation, UK) with a proving ring was used to
evaluate the transverse strength. The testing jig
was positioned on the platform of the testing
device. The proving ring was attached on the top
of the jig to the main frame-work. The applied
force was shown by the proving ring. The test
specimens were placed horizontally on the jig,
the support on the jig being 50 mm apart. The
load was applied exactly on a line drawn in the
centre of the repaired joint with a hardened steel
rod of 2.5 mm diameter having a round end. The
transverse strength testing was carried out using
a constant cross head speed of 1.2 mm/minute.
The amount of load applied was noted. A total of
200 specimens were tested in this manner.

The transverse strength of the specimen was
calculated using the following formula:

S =3WL/ bd?
Where,

Transverse strength
Maximum load before fracture
Distance between the support
Width of the specimen
Thickness of the specimen

Q_O'I_§U)

The repaired surfaces of these specimens were
then examined under Scanning Electron
Microscope (SEM). All data was statistically
analyzed with one-way ANOVA, differences

within the groups were analyzed by independent
sample t —test (Significance was set at P<0.05).

3. RESULTS

The results obtained from the transverse strength
test were presented in Tables 2, 3 and 4. Table 2
shows the comparative statistics of mean
transverse strength of Stellon observed in
different groups at different time intervals. Group
A showed the highest transverse strength
(77.27+2.41 MPa) and group B showed very low
transverse strength (48.90+4.26 MPa).

The transverse strength of the specimens wetted
with MMA showed a gradual increase from 1
minute to 5 minutes of wetting. Specimens
wetted for 5 minutes showed the highest strength
(64.82+1.94 MPa). Specimens wetted with MMA
for 10 minutes exhibited a reduced strength
(52.25+2.90 MPa) with a concurrent decrease in
transverse strength of the specimens wetted for
15 - 30 minutes. The specimens wetted for 30
minutes showed the least strength (35.20+2.53
MPa) among the groups (Table 2). ANOVA 'F'
test revealed that the transverse strength
exhibited by different groups was significantly
different. Minimum significant difference between
each group was found to be 4.23 MPa (Table 2).
With this value when group A was compared with
other groups the difference was found to be
statistically very significant (P = 0.0l) (Table 2).
When group B was compared with group C, H
and | the difference was not significant, but when
group B was compared with D, E, F, G and J the
difference was found to be statistically very
significant (P = 0.0l) (Table 2).

Table 3 shows the comparative statistics of mean
transverse strength observed in different groups
at different time intervals for Trevalon. Group A
showed the highest ftransverse strength
(102.30+1.74 MPa) and group B showed very
low transverse strength (54.92+4.32 MPa).

The transverse strength of the specimens wetted
with MMA showed a gradual increase from 1
minute to 10 minutes of wetting. Specimens
wetted for 10 minutes (group H) showed the
highest strength (89.93+1.86 MPa) (Table 3).
Specimens wetted with MMA for 15 minutes
exhibited a reduced strength (56.70+2.82 MPa)
with a concurrent decrease in transverse
strength of the specimens wetted for 30 minutes.
The specimens wetted for 30 minutes showed
the lowest strength (34.20+2.53 MPa) among the
groups (Table 3). ANOVA 'F' test revealed that
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the transverse strength exhibited by different
groups was significantly different. Minimum
significant difference between each group was
found to be 3.49 MPa (Table 3). With this value
when group A was compared with other groups

the difference was found to be statistically very
significant (P = 0.0l) (Table 3). When group B is
compared with other groups it was found to be
statistically very significant (P = 0.01) except with
group A.

Table 2. Comparative statistics of transverse strength (MPa) of stellon specimens wetted with
MMA at different time intervals

Group Transverse ‘P Min. Sign. Significance of Difference

Strength (MPa) Value Diff.(MPa)

Mean SD B C D E F G H I J
A 7727 241 1.992 4.23 VS VS VS VS VS VS VS VS VS
B 48.90 4.26 P<0.01 - NS VS VS VS VS NS NS VS
C 5145 245 - - VS VS VS VS NS NS VS
D 61.55 2.04 - - - NS NS NS VS VS VS
E 61.60 1.42 - - - - NS NS VS VS VS
F 62.10 2.96 - - - - - NS VS VS VS
G 64.62 1.94 - - - - - - VS VS VS
H 52.25 2.90 - - - - - - - NS VS
| 50.60 2.66 - - - - - - - - VS
J 35.20 253 - -

SD — Standard Deviation; * - ANOVA F test; VS —

Table 3. Comparative statistics of transverse str

Very Significant (P = 0.01); NS — Not Significant

ength (MPa) of trevalon specimens wetted with

MMA at different time intervals

Group Transverse ‘F* Min. Sign. Significance of Difference

Strength (MPa) Value  Diff. (MPa)

Mean SD B C D E F G H [ J
A 102.30 1.74 546.0 3.49 VS VS VS VS VS VS VS VS VS
B 54.92 432  P=0.01 - VS VS VS VS VS VS NS VS
C 60.50 2.24 - - VS VS VS VS VS VS VS
D 65.45 2.53 - - - VS VS VS VS VS VS
E 73.70 1.74 - - - - VS VS VS VS VS
F 80.02 1.56 - - - - - NS VS VS VS
G 82.22 1.56 - - - - - - VS VS VS
H 89.93 1.86 - - - - - - - VS VS
| 56.70 2.82 - - - - - - - - VS
J 45.10 1.92 - - - - - - - - -

*- Unpaired t’ Test
Table 4. Comparison of Transverse Strength (MPa) between stellon and trevalon
Group Stellon Trevion ‘T’ Value ‘P’ Value
MeanSD MeanSD

A 77.27+2.41 102.30+1.74 26.7 0.001, HS
B 48.90+4.26 54.92+4.32 3.14 0.01,VS
C 51.45+2.45 60.50+2.24 8.61 0.001, HS
D 61.55+2.04 65.45+2.53 3.79 0.001, HS
E 61.60+1.42 73.70+1.74 17.02 0.001, HS
F 62.10+£2.96 80.02+1.56 16.90 0.001, HS
G 64.62+1.94 82.22+1.56 22.37 0.001, HS
H 52.25+2.90 89.93+1.86 34.55 0.001, HS
| 50.60+2.66 56.70+2.82 4.98 0.001, HS
J 35.20+2.53 45.10+1.92 9.84 0.001, HS
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Table 4 shows the comparison of mean
transverse strength between the materials
(Stellon and Trevalon) using ‘t' test. The
difference between the Stellon and Trevalon in
Group A, C, D, E, F, G, H, I, and J were found to
be statistically highly significant (P = 0.001) and
in group B it was statistically very significant (P =
0.01) (Table 4).

4. DISCUSSION

The interface between the heat polymerized
acrylic resin and the repair material is usually the
weakest point of the repaired denture base [24].
Different opinions about the appropriate shape of
the joint surface have been presented. Several
studies have indicated different edge design,
such as a butt joint, 45° bevels, 30° bevels joint,
rounded and rabbet joint [23]. The choice of
material for repair depends on working time,
strength to be obtained with the repair material
and the degree of dimensional stability
maintained during and after the repair. Most of
the fractured dentures are repaired using a resin,
which generally allows a simple and quick repair;
therefore auto polymerizing resin was used as
one of the repair materials [25,31,32].

The results of this study demonstrated that the
mean transverse strength of Stellon and
Trevalon specimens in group A (unrepaired
specimen) showed more transverse strength
than group B specimens (untreated specimens).
This decrease in the transverse strength of
untreated specimens was because the repair
joints were not treated with MMA. So the PMMA
resin surfaces of the repair joint were not
adequately dissolved resulting in decreased
transverse strength in the untreated specimens.

There was a gradual increase in transverse
strength of the Stellon and Trevalon specimens
which were wetted for 1 minute to 5 minutes
(Group C to G). The Stellon specimens wetted
for 5 minutes (Group G) and Trevalon specimens
for 10 minutes (Group H) showed the highest
transverse strength of 64.82+1.94 MPa and
89.93+1.86 MPa respectively. The findings in the
present study were in accordance with the
previous studies conducted by Ward et al. [25]
Vallittu et al. [27], Sharma et al. [33] and Pereira
Rde et al. [34]. On contrary to Sharma et al. [32],
Mahajan et al. [22] studies, the present study
demonstrated more strength. This increase in
transverse strength is probably due to adequate
MMA wetting and also solubility of heat
polymerized PMMA resin surface was more
strongly bonded to the auto-polymerizing acrylic
resin, compared to their study. Moreover the
round geometry increases the strength as it
reduces the stress concentration [22].

The SEM photomicrographs demonstrated
morphologic features of PMMA resin surface that
differed when wetted with MMA for various
intervals of time (Figs. 1-4). The Stellon
specimens wetted for 1 to 5 minutes and
Trevalon specimens wetted for 10 minutes
showed a smoother structure (Figs. 1 and 2). All
the specimens which were wetted with MMA for
a time period of 3 minutes showed a definite
increase in the ftransverse strength. These
findings were in accordance with a previous
study conducted by Vallittu et al. [27], Pereira
Rde et al. [34], and Thunyakitpisal et al. [35],
where the repaired specimens were wetted with
MMA and tested for transverse strength.

Fig. 1. Stellon specimens wetted for five minutes shows well rounded margins
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Fig. 2. Trevalon specimens wetted for ten minutes shows well rounded margins

Fig. 3. Stellon specimens wetted for thirty minutes shows more solubility of PMMA resin at the
repair site results in large marginal gaps

Fig. 4. Trevalon specimens wetted for thirty minutes shows more solubility of PMMA resin at
the repair site results in large marginal gaps
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The Stellon specimens wetted for a period of 10
minutes and Trevalon specimens wetted for a
period of 15 minutes showed a decrease in
transverse strength. The strength of the Stellon
and Trevalon specimens after 30 minutes of
wetting decreased respectively. This decrease in
transverse strength is due to increased
dissolution of MMA in PMMA resin. The SEM
photomicrographs showing an increase in the
dimension of the spaces has probably resulted in
decreased transverse strength (Figs. 3 and 4).
Thus when repairing a fractured heat cure acrylic
resin, the repair surfaces have to be wetted with
auto-polymerizing MMA to improve the strength
of the repaired heat polymerized acrylic resin.
But care should be taken not to wet the surface
beyond a period of 5 minutes while using Stellon
material and 10 minutes while using Trevalon
material because this will cause a decrease in
transverse strength in the area of repair.

5. CONCLUSION

From the results obtained in this study, the
following conclusions can be drawn:

1. There is a definite increase in the
transverse strength of repaired heat
polymerized acrylic resins when the repair
surfaces were wetted with MMA for an
adequate period before the repair process
was carried out.

2. The MMA wetting time should not exceed
5 minutes while using Stellon acrylic
material and not more than 10 minutes in
the case of Trevalon acrylic material.

3. Wetting of the repair surfaces with MMA
dissolves the surface structure of PMMA.
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