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Abstract

Objective: To evaluate the flexural and impact strength of heat-cured polymethyl methacrylate and vertex resins after
disinfection with alkaline peroxide and sodium hypochlorite solution.

Method: The in-vitro, experimental study was conducted at the Dr Ishrat-ul-Ebad Khan Institute of Oral Health Sciences,
Karachi, from June 15,2019, to May 31, 2020, and comprised samples of polymethyl methacrylate and vertex rapid simplified
resins that were fabricated using custom metal moulds. The samples were divided into three groups based on the immersion
medium: distilled water (control group), alkaline peroxide, and sodium hypochlorite. An immersion time of 6 hours was
chosen to simulate one day, thereby three months of continuous immersion represented one year. The samples were then
subjected to a 3-point bending test and the Pendulum Impact test to evaluate their flexural and impact strength,
respectively. Data was analysed using SPSS 21.

Results: There were 90 samples each of polymethyl methacrylate and vertex rapid simplified resins. There was a significant
difference in the mean values of impact strength between polymethyl methacrylate and vertex rapid simplified resins
following immersion in the disinfectants (p<0.05). However, no significant difference was observed in flexural strength
among the groups subjected to immersions in alkaline peroxide and sodium hypochlorite solutions (p>0.05).
Conclusion: The immersion in denture cleansers led to an enhancement in both flexural and impact strength for vertex

resin simplified resins compared to conventional polymethyl methacrylate denture base materials.
Keywords: Denture base materials, Mechanical properties, Disinfectants, Impact strength, Flexural strength.
(JPMA 75:1762; 2025) DOI: https://doi.org/10.47391/JPMA.23282

Introduction

Polymethyl methacrylate (PMMA) has been employed as a
removable denture base material since 1946 due to its
favourable characteristics, low cost and ease of
manipulation.’2 With time, advancements in PMMA have
led to the development of acrylic resins with rapid curing
properties, reducing prosthesis fabrication time. Vertex
rapid simplified (VRS), a rapid-cure acrylic, is an example of
this advancement.3

The mechanical properties of acrylic resins are pivotal for
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the success of prosthodontic treatments, demanding
attributes such as resilience and strength to endure
impacts.4 VRS, a heat-cure denture base material for
complete and partial dentures, stands out with its pressing
technique and rapid 20-minute polymerisation cycle. A
notable feature is its porosity-free nature due to the
presence of a low concentration of benzoyl peroxide and
dimethyl-p-toluidine.5> Maintaining hygiene is critical for
the longevity of prosthesis, emphasising hygiene practices,
disinfectants and cleaning solutions. Denture base
materials' interaction with cleansers necessitates the
assessment of physical strength after immersion in
cleaning agents.5 Irrespective of the denture base,
prioritising oral and denture hygiene is critical in
preventing issues like bad breath, staining, plaque
accumulation and calculus formation. Effective disinfection
methods (mechanical or chemical) must ensure oral and
denture hygiene without compromising the base's
mechanical and physical properties. Various cleansing
agents are known to influence the mechanical properties
of the acrylic denture base diversely.67

Flexural strength serves as an indicator of resistance to
breakage under functional loads during mastication,
making it a significant determinant of denture longevity.8
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Some studies have also highlighted the substantial
influence of material constituents on flexural strength.9.10
It was noted that as long as the denture base constituents
remain unchanged, the flexural strength remains
consistent, predominantly relying on the strength of the
polymers. In a study, PMMA was subjected to various curing
techniques and durations, revealing noteworthy impact on
flexural strength.? Furthermore, it has been demonstrated
that while longer curing cycles required more time, they
resulted in increased flexural strength in the denture base
material when compared to shorter cycles.2

Immersion of denture base materials in different cleansers
has varying effects on their mechanical properties. Impact
and flexural strength of both PMMA and VRS can be
influenced after exposure to sodium hypochlorite (SH) and
alkaline peroxide (AP) solutions. The choice of appropriate
denture cleansers is crucial in maintaining both the oral
health and mechanical integrity of denture base materials.
Understanding the effects of different cleansers on the
mechanical properties of these materials can aid in making
informed decisions regarding denture care. SH and AP are
disinfectant solutions that are commonly used as denture
cleansers, but their impact on heat-cure acrylic (HA) and
vertex resin (VR) dentures remains unclear. The current
study was planned to fill the gap in literature by
investigating the effect of SH and AP disinfectant solutions
on the impact and flexural strength of PMMA and VRS.

Materials and Methods

The in-vitro, experimental study was conducted at the Dr
Ishrat-ul-Ebad Khan Institute of Oral Health Sciences
(DIKIOHS), Karachi, from June 15, 2019, to May 31, 2020.
After approval from the ethics review board of the Dow
University of Health Sciences (DUHS), Karachi, the sample
size was estimated using PASS version 11.13 The impact
strength of PMMA when immersed in Clinsodent
disinfectant has been reported to be 0.86+0.235 compared
to 0.96+£0.247 when immersed in Clanden disinfectant.!4
These values were used alongside 95% confidence interval
(Cl) and 80% power. The sample was raised using non-
probability purposive sampling technique. The samples of
conventional HA (Stellon QC-20, Fabnos International,
Pakistan) and VRS (Vertex rapid simplified, Holland) resins
were prepared using three-piece custom metal moulds. For
flexural strength, a stainless-steel (SS) metal mould with
dimensions 65mm x 10mm x 2.5mm was used as per the
American Dental Association (ADA) specifications’ to
prepare the samples (Figure 1). For impact strength, an SS
metal mould of dimensions 80mm x 10mm x 4mm as per
ADA specifications’> was used to prepare the samples
(Figure 2). The process of packing and curing was
performed in the DIKIOHS prosthodontics laboratory,
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according to manufacturers’ instructions for both PMMA
and VRS samples.

For both PMMA and VRS, acrylic powder was weighed
using electronic scale (Model no. JA303P, Pioway Medical
Lab Equipment Co., Ltd, China) with the precision of
0.0001g. Monomer liquid was measured using a calibrated
measuring cylinder. Further, 22g powder was mixed with
10ml monomer liquid in a 2:1 ratio in a silicon bowl until a
doughy consistency was achieved. Cold mould seal was
applied to the SS mould and left to dry. The mixture was
then kneaded and packed into the mould. After closing, a
pressure of 3500psi was applied on the mould using
hydraulic bench press (Mestra, Mfg no. 030350, US) to allow
excess material to flow out of the mould, which was then
removed with a sharp knife (Figure 3). The mould assembly
was then placed in a digital acrylic curing unit (Acrydig 12,
Manfredi, Torino, Italy) for polymerisation. For PMMA, the
curing involved processing the PMMA at 74°C for 8 hours,
followed by terminal boil at 100°C for one hour. For VRS,
polymerisation involved rapid heating of the packed
dough in boiling water for 20 minutes, and the water was
boiled at 100°C.

After completion of the polymerisation cycle, the metal
moulds were cooled for 30 minutes at room temperature
and then placed under running water for 15 minutes. After
careful deflasking from the mould, the finishing of the
samples was done using acrylic trimming bur and 120-grit
sandpaper (Figure 4). Polishing was performed using
pumice and polishing cake. The dimensions of the
specimens were rechecked with a digital vernier caliper
(Model no. 1108-300, Insize, Pakistan) with an accuracy of
0.01mm."s Samples that were fractured or porous were
excluded.

Figure-2: A three-piece stainless steel mould for impact strength.
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Figure-4: The samples after curing and polishing.

The samples were divided into two main groups: group A
comprising conventional HA resin samples, and group B
having VRS samples. Each group was further divided into
three subgroups based on the immersion medium selected
for storage. Groups A1 and B1 were control groups stored
in distilled water (DW); groups A2 and B2 were immersed
in 1% (138.7+£1.1 mmol/L) AP for storage; and groups A3
and B3 were immersed in 0.5% SH. Half the samples in each
subgroup were used for the testing of flexural and impact
strength each. Immersion time of six hours represented
one day, and three months of continuous immersion
represented one year. The storage temperature was
maintained at the ideal room temperature of 23+2°C that
was monitored using a thermostat.

Following immersion in their respective cleansing agents,
the samples underwent testing for both impact and
flexural strength using the RESIL impact-testing machine
(Ceast-Resil impactor, Type 6967000, Serial #18711, Italy)
and the Universal testing machine (Instron, Model no. 4301,
Serial # H 11853, UK) respectively, at the Plastic and
Polymer Department of the Pakistan Council of Scientific
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and Industrial Research (PCSIR) laboratories in Karachi.

For impact strength assessment, the test specimens were
positioned on the machine's platform. A pendulum with a
2] testing capacity and an impact speed of 3.46m/s was
used. Energy absorbed at the point of fracture was gauged
using a calibrated scale. The impact strength was
determined using the formula: Impact strength = e / (Wt),
where was the energy absorbed by the specimen upon
fracturing, W was the cross-sectional area and t was the
thickness of the specimen.

For flexural strength determination, the specimens were
loaded individually onto a custom jig fixed in the machine.
The samples were placed on a support beam with a 50mm
span, and a load was applied until fracture. The fracture
load was noted, and the flexural strength was calculated
using the formula: o = 3FL / (2bd?) in which F was the
fracture load, L was the distance between supports, b was
the specimen’s width, and d was the specimen’s thickness.

Data was analysed using SPSS 21. Meantstandard
deviation and 95% Cls were reported for flexural strength
and impact strength for each group. Shapiro-Wilk test was
applied to assess data normality. Two-way analysis of
variance (ANOVA) was used to determine if there were
significant differences in flexural strength and impact
strength between PMMA and VRS after immersion in the
disinfectants. Post-hoc Tukey's test was conducted for
pairwise comparisons to identify specific differences
among the groups. P<0.05 was considered significant.

Results

Of the 180 samples, 90(50%) each were in groups A and B;
30(33.3%) each in the A1, A2, B1, B2, A3 and B3 subgroups.
Of them, 15(50%) each were used to assess flexural and
impact strength. In groups A1 and B1, the mean impact
strength of PMMA was 20.4+2.35kJ/m? compared to VRS's
21.9+1.37kJ/m’. In groups A2 and B2, the mean impact
strength of VSR was 26.9+1.64kJ/m? compared to PMMA’s
23.3+1.54kJ/m?. In groups A3 and B3, the mean impact
strength of PMMA was 18.7+1.13kJ/m”> compared to
22.2+1.44kJ)/m’ for VSR (p<0.05) (Table 1).

Table-1: Impact strength comparison of heat cure acrylic and vertex resins under
different immersion conditions.

Group Mean=SD (kJ/m2) ~ 95%Cl (k)/m2)  MSE (p-value) Effect size
HA-DW (A1) 20.4+2.35 18.3-21.2 2.03(0.007**) 11.1%
HA-AP (A2) 23.3£1.54 20.9-25.2

HA-SH (A3) 18.7£1.13 16.6 - 20.0

VRS-DW (B1) 21.9+1.37 19.7-23.6

VRS-AP (B2) 26.9+1.64 23.8-28.8

VRS-SH (B3) 22.2+1.44 19.9-24.0

**Significant at 1%, HA: Heat-cure acrylic, VRS: Vertex resin simplified, DW: Distilled water,
AP: Alkaline peroxide, SH: Sodium hypochlorite.
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Aland B1DW;, A2andB2AP; A3andB3SH

There was a significant difference (p=0.007) in the impact
strength when different materials and their immersion in
disinfectants were compared. The effect size was 11.1%,
indicating that 11.1% of the observed differences in impact
strength could be attributed to variations in the materials
used, and not to the effect of disinfectants.

Significant differences were observed, especially when
comparing A2 with A1 groups (p<0.001) and B2 groups
(p<0.001) (Table 2).

Table-2: Impact strength comparison of heat cure acrylic and vertex resins under
different immersion conditions.

Comparisons Mean Difference p-value
A

A2v/s A1 291 <0.007**
A2v/s B1 -1.42 0.081
A2v/s B2 3.6 <0.007**
A2v/s B3 -4.66 <0.001**
B

B2v/s A3 8.25 <0.001**
B2v/sB1 5.02 <0.007**
B2v/sB3 -4.74 <0.007**

**Significant at 1%, A: Heat-cure acrylic, B: Vertex resin, A1and B1: Control groups, A2 and B2:
Alkaline peroxide groups, A3 and B3: Sodium hypochlorite groups.

Table-3: Comparison of mean differences of flexural strength of HA and VR in different

solutions.
Group MeantSD MPa 95%CIMPa MSE  p-value Effect size
HA-DW (A1) 82.4+4.84  73.85-88.30 0973  <0.001 81%
HA-AP (A2) 59.8+3.90 52.78-63.8
HA-SH (A3) 62.0+4.11 55.51-67.1
VR-DW (B1) 5334353 47.68-57.63
VR-AP (B2) 68.5+4.54  61.28-74.08
VR-SH (B3) 63.4+426  56.69-68.53

VR: Vertex resin, HA: Heat-cure acrylic, DW: Distilled water, AP: Alkaline peroxide,
SH: Sodium hypochlorite, CI: Confidence interval, MPa: Mega Pascal, SD: Standard deviation,
MSE: Mean squared error.

Table-4: Pairwise comparison of flexural strength among groups based on
disinfectants and materials used.

Comparisons Mean Difference p-value*
A

Alvs A2 -23.42 <0.001%*
AlvsA3 -20.36 <0.001%*
AlvsB1 -29.12 <0.001%*
AlvsB2 -13.9 <0.001%*
AlvsB3 -19.04 <0.001%*
B2

B2vs A2 9.52 <0.001%*
B2vs A3 6.46 0.001
B2 vs B1 15.22 <0.001%*
B2vs B3 5.4 0.015

**Significant at 1%, ATand B1: Control groups, A2 and B2: Alkaline peroxide groups, A3 and
B3: Sodium hypochlorite groups; *Post-hoc Tukey test was used.
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There were significant differences in flexural strength
among materials immersed in different solutions (p<0.001)
(Table 3).

Comparison of flexural strength among different groups
based on the disinfectants used and the choice of material
also showed significant differences (Table 4).

Discussion

The strength and longevity of denture base materials
directly correlate with the quality of life and satisfaction of
the denture-wearers. Chemical disinfection has been
routinely used to maintain denture hygiene and prevent
cross-contamination.’® Dentures that exhibit superior
impact and flexural strength not only enhance patient
comfort, but also reduce the need for repairs and
replacements. Denture cleansers may affect the surface
roughness as well as the impact strength and flexural
strength of prosthesis which may lead to prosthesis failure.
Therefore, understanding the mechanical properties of
these materials and the effects of disinfectants on them is
crucial in ensuring the long-term success of denture
prosthesis.17-19

The current study aimed at assessing the impact strength
and flexural strength of two dental materials, PMMA,
represented by HA, and VRS, after immersion in various
denture cleansers, including DW, AP and SH.

Results showed that both the material type and the
disinfectants significantly influenced the impact and
flexural strength of the denture base. These results are
supported by an earlier study.20 These findings have
important implications for denture prosthesis design and
the selection of appropriate disinfectants for denture
maintenance.

The current results found significant variations in impact
strength when the two materials were exposed to different
disinfectants. Similar results have been reported earlier,2
emphasising the influence of both the material and the
disinfectant on the impact strength. A recent study
demonstrated that the choice of disinfectant significantly
affected the impact strength of the materials, and cleansing
agents containing alcohol decreased the impact strength.22

Ragher M et al. reported decrease in flexural strength of
PMMA when immersed in two different denture cleansers.
The flexural strength was highest for PMMA in DW.23 These
results support the current findings in this regard. Davi LR
et al. also reported similar results,24 while Arruda et al.
highlighted that material selection plays a pivotal role in
the impact strength of dental prostheses.25 Furthermore, it
has been advised to limit the use of solutions containing
alcohol as acrylic denture cleansers due to their negative
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effect on impact strength of acrylic.2!

The 1.1% effect size observed in the current study indicated
that 11.1% of the impact strength variation could be
attributed to material and disinfectant selection, and
aligned with the overall trend observed in recent
studies, 321 highlighting that while material and
disinfectant choices are significant factors, they do not
account for the entirety of the observed variations in
impact strength. Other uncontrolled variables, such as
processing techniques, manufacturing quality, and wear
and tear, may also contribute to these differences as
discussed in a study by Ragher M et al.14

The significant impact of the disinfectant factor, as
indicated by the effect size of 69%, highlighted the
importance of selecting the appropriate disinfectant for
denture maintenance. AP appears to be the most effective
disinfectant, significantly improving the impact strength of
both materials. In contrast, SH had a detrimental effect on
HA, and to a lesser extent on VRS. This was also observed
in a study by Gad et al.26

Flexural strength of the denture base materials is a vital
mechanical property for denture base materials. To resist
fracture or deformation under flexural forces, the denture
base should have sufficient flexural strength.27.28 The
current results showed that HA exhibited superior flexural
strength compared to VRS when immersed in DW, while
the situation reversed when the materials were immersed
in AP. Flexural strength decreased for both materials when
immersed in SH, with VR maintaining a slight advantage.
The effect size for material and disinfectant on the change
of flexural strength was substantial (81%), highlighting the
considerable influence of both factors.

Comparing the two materials, HA displayed a lower mean
impact strength compared to VR with a 52% effect size. In
contrast, for flexural strength, HA had a higher mean
strength compared to VRS with a 36% effect size. These
results suggested that while VR could excel in impact
strength, HA demonstrated an advantage in flexural
strength.

The comparison of different disinfectants for HA showed
that DW tended to yield higher mean flexural strength
compared to AP and SH, although the differences were not
statistically significant.

The current study has several limitations. First, it focused
on only one type of each material, and results may vary
with other brands. Additionally, the immersion times in
disinfectants were uniform; clinical scenarios might involve
varying immersion durations. The study also did not
consider factors such as temperature, mechanical stress, or
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multiple disinfectant cycles, which could affect material
properties.

The study's strengths include the use of standardised
testing methods and statistical analysis, providing robust
results. The examination of two critical mechanical
properties, impact and flexural strength, after various
immersion conditions, adds valuable insights into the
dental material literature.

To build upon this research, future studies should explore
the long-term effects of exposure of different as well as new
disinfectants on denture base materials while considering
factors like temperature, repeated disinfection and
mechanical stress. Studies may also create an environment
to simulate oral conditions to evaluate the properties.
Additionally, investigating the impact of different
disinfectants on other mechanical, physical and aesthetic
properties of denture base materials could provide a
comprehensive understanding of material behaviour in
clinical settings.

The current study highlighted the significant impact of
both the choice of material and disinfectant on the
mechanical properties of denture base materials. Choosing
the appropriate disinfectant is crucial for maintaining
denture integrity and the choice of material should be
based on the specific mechanical properties required for a
given clinical application, as has been shown earlier by
Alkaltham et al.29

Conclusion

VRS and HA exhibited maximum impact strength after
immersion in AP solution. Additionally, VRS showed
increased flexural strength when immersed in AP, whereas
PMMA showed highest flexural strength after immersion in
DW. Notably, VR consistently demonstrated higher impact
strength levels when subjected to denture cleansers
compared to PMMA.

Disclaimer: None.
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Source of Funding: None.
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