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Comparative Analysis of the Effects of Different Disinfection
Methods on the Mechanical Properties of Valplast and Acrylic
Resin Denture Base Materials
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ABSTRACT

Background and objective: Dental prostheses should be disinfected effectively without damaging the denture
base.

Aim: This in vitro study evaluates the effect of three commonly used chemical disinfectants, 4% chlorhexidine,
2% glutaraldehyde, and 5.25% sodium hypochlorite, on the mechanical properties of two widely used denture
base materials: Heat-cured acrylic resin and Valplast.

Methods: A total of 160 rectangular specimens were fabricated and equally divided into two main material
groups (80 specimens of Heat-cured acrylic resin and 80 specimens of Valplast). Each group was further subdi-
vided into four subgroups (n=20) according to the disinfectant applied, including a control group with distilled
water. Disinfection protocols involved immersing each specimen in distilled water for 3 minutes, followed by a
10-minute exposure to the designated disinfectant, and concluding with a 3-minute washing in distilled water.
Flexural strength and flexural modulus were assessed using a universal testing machine based on the three-
point bending test according to ISO 178:2019 standards.

Results: Statistical analysis was conducted using one-way ANOVA, Dunnett’s post hoc, and an independent t-
test at a significance level of P < 0.05. The flexural strength test indicated that, for both main groups, the con-
trol group exhibited the highest mean values, while specimens immersed in 5.25% sodium hypochlorite rec-
orded the lowest mean values and showed no significant differences between Heat-cured acrylic resin and
Valplast materials under corresponding treatment conditions.

Conclusion: These findings suggest that disinfection protocols do not impact the mechanical properties of den-
ture base materials, and Valplast consistently exhibited lower values in both parameters compared to Heat
cured acrylic resin.

Keywords: Heat-cured acrylic resin, Valplast, Flexural strength, Flexural modulus, chemical disinfectant

Article Information Affiliation Info

Wscientific Council of Dentistry Specialties/Kurdistan Higher

Revision date: 3/8/2025 Council of Medical Specialties, Kurdistan Region, Iraq.
Acceptance date: 11/9/2025 Corresponding Author: Ribaz Tahsin Hayas Kakai
Publishing date: June 2026 Email: ribaz.kakai@khcms.edu.krd

96

ORCID ID: https://orcid.org/0000-0001-7592-664X

DOI: doi.org/10.15218/edj.2026.11



INTRODUCTION

Heat-cured acrylic resin is one of the most exten-
sively used materials in prosthetic dentistry due to
its favorable aesthetic, mechanical, and handling
properties. Since its introduction, Heat-cured
acrylic resin has been widely applied in the fabri-
cation of denture bases, artificial teeth, and im-
pression trays, earning its status as a materlal of
choice in removable prosthodontlcs In recent
decades, advancements in prosthetic materials
have introduced thermoplastic polymers, leading
to a noticeable shift in clinical practices. Thermo-
plastic denture base materials, such as polyamides
(e.g., Valplast), have gained popularity for their
flexibility, biocompatibility, and absence of resid-
ual monomers. These materials undergo a purely
physical transformation during processing, sof-
tened by heat and then injected into molds without
undergoing chemical alteration. This innovation
has opened new possibilities in denture fabrica-
tion, offering improved patient comfort and aes-
thetics. However, the long-term performance of
these materials relies heavily on standardized and
reproducible processmg protocols to maintain their
mechanical integrity.” Dental professionals, partic-
ularly those involved in prosthodontics, face a
heightened risk of microbial cross-contamination.
Inadequate infection control practices can result in
the transmission of pathogens between patients,
clinicians, dental assistants, and laboratory techni-
cians. Many studies have indicated that there is a
risk of cross-infection in clinical and laboratory
settings, especially when prosthetrc devices and
impressions are contaminated.’ As a preventive
measure, all dental prostheses must undergo effec-
tive disinfection protocols both upon arrival at the
dental laboratory and prior to delivery to the pa-
tient.* Various chemical disinfectants are common-
ly employed in dental practice, including glutaral-
dehyde, sodium hypochlorite, chlorhexidine, phe-
nol, ethanol, and quaternary ammonium com-
pounds.” While these agents are effective against
a broad spectrum of microorganisms, their repeat-
ed use may alter the mechanical and surface prop-
erties of denture base materials. Heat-cured acrylic
resin dentures, for example, may exhibit reduced
flexural strength, increased surface roughness, or
even structural degradatlon when exposed to ag-
gressive disinfectants.® Given the clinical im-
portance of disinfection and the growing use of
thermoplastic materials such as Valplast, it is es-
sential to evaluate how repeated chemical expo-
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sure affects the performance of the denture base.
Therefore, the present research aims to examine
and compare the effects of 4% chlorhexidine,
5.25% sodium hypochlorite, and 2% glutaralde-
hyde on the flexural strength and flexural modulus
of two commonly used denture base materials:
Heat-cured acrylic resin and Valplast thermo-
plastic nylon.

METHODS
This in vitro investigation involved the preparation
and evaluation of 160 rectangular specimens to
examine the effects of different disinfectant solu-
tions on the flexural strength and flexural modulus
of two denture base materials: Heat-cured acrylic
resin and Valplast thermoplastic resin. The sam-
ples were evenly categorized into two main sec-
tions based on material type: 80 specimens of Heat
-cured acrylic resin and 80 specimens of Valplast.
Each material group was further subdivided for
two mechanical tests (flexural strength and flexur-
al modulus), with 40 specimens allocated to each
test (20 Heat-cured acrylic resin, 20 Valplast), as
illustrated in Figure 1.
The specimens underwent a disinfection protocol
simulating clinical conditions, where both dental
technicians and clinicians typically perform disin-
fection twice. Each specimen was initially im-
mersed in distilled water for 3 minutes, followed
by 10 minutes of exposure to the assigned disin-
fectant, and then rinsed in distilled water again for
3 minutes.” This cycle was repeated four times to
reflect repeated disinfection.®
The specimens in both Heat-cured acrylic resin
and Valplast groups were divided into four disin-
fection subgroups (n = 20 each):
1. Group I (Control): No exposure to disinfect-
ants, immersed only in distilled water.
2. Group II: Disinfection using 5.25% sodium
hypochlorite solution.
3. Group III: Disinfection using 4% chlorhexi-
dine gluconate.
4. Group IV: Disinfection using 2% glutaralde-
hyde solution.
For Heat-cured acrylic resin specimens, Lucitone
199 (Dentsply International Inc., Charlotte, NC,
USA) was used. Wax patterns were fabricated ac-
cording to standardized dimensions and invested
using traditional denture flasking procedures. Af-
ter curing, specimens were deflasked and finished
using green stone burs to obtain a smooth surface,
followed by sequential polishing with abrasive
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sandpaper to remove minor scratches and then pol-
ished to clinical standards.

All samples were preserved in distilled water at
37+2°C for 50 +2 hours before testing to simu-
late oral conditions. Mechanical testing of flexural
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versal testing machine with a three-point bendin%
configuration, following ISO 178:2019 standards.
Statistical analysis was conducted by one-way
ANOVA and Tukey’s post hoc test with a signifi-
cance threshold set at P < 0.05.

strength and modulus was performed using a uni-
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Figure 1. Sample Distributions

For the fabrication of Heat-cured acrylic resin
specimens, Lucitone 199 acrylic resin (Dentsply
International Inc., Charlotte, NC, USA) was used.
Wax specimens were first shaped into standardized
rectangular forms and invested in dental stone
within conventional metal flasks. The Heat-cured
acrylic resin specimens were then processed
through standard compression molding techniques.
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After curing, the samples were deflasked, trimmed
using green stone burs, and polished sequentially
with fine-grade sandpaper to remove residual sur-
face irregularities before final polishing.

For Valplast specimens, nylon thermoplastic mate-
rial was supplied in sealed Valplast cartridges
(FDA-approved, ISO-certified, MSDs compliant;
USA). A special metallic flask compatible with the
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Valplast injection system was used. The wax pat-
terns were invested in dental stone, and injection
molding was performed using an electric furnace
and nylon injection unit according to the manufac-
turer’s guidelines. Once processed, Valplast speci-
mens were finished and polished strictly following
the manufacturer's instructions to ensure consistent
surface quality.

Following specimen preparation, all samples (both
Heat-cured acrylic resin and Valplast) were im-
mersed in distilled water heated to 37+2 °C for a
conditioning period of 50+2 hours to simulate
intraoral environmental conditions prior to me-
chanical testing.'” Transverse strength testing was
conducted to assess the mechanical properties of
Heat-cured acrylic resin and Valplast samples after
immersion in the disinfectant solutions. A total of
40-disc specimens (n = 20 Heat-cured acrylic res-
in, and n = 20 Valplast) with the dimensions of (65
X 10 X 3) mm in length X width X depth respec-
tively were prepared for each experimental group
to be used for the transverse strength test accord-
ing to ISO 178:2019 standardization.

Flexural strength and flexural modulus were eval-
uated using a three-point bending test with a com-
puterized universal testing machine. The tests were
carried out with a constant crosshead speed of 0.5
mm/minute and a compression load cell of 500 N
(ISO 178:2019 standardization).

Deformation of the Valplast specimens was con-
tinued until a U-shaped configuration was ob-
tained; none of the specimens were fractured and
remained in one piece. While Heat-cured acrylic
resin specimens were fractured into two pieces.
Flexural Strength and Flexural Modulus Calcu-
lation

The mechanical testing of specimens was conduct-
ed using a universal testing machine via the three-
point bending method, in accordance with ISO
178:2019. Both flexural strength (FS) and flexural
modulus (FM) were calculated using standard for-
mulas derived from the load-deflection data ob-
tained during testing.

A. Flexural Strength (FS)

The flexural strength (in megapascals, MPa) was
calculated using the following formula:

Where:

3FL
"~ 2bd?

e F = Maximum load applied at the midpoint (in

FS
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newtons, N)
e L = Span length between supports (50 mm)
e b= Width of the specimen (10 mm)
e d = Thickness of the specimen (3 mm)

FI?
4ybd3

B. Flexural Modulus (FM)

The flexural modulus (in gigapascals, GPa) was

calculated from the slope of the linear portion of

the load-deflection curve using the following for-
mula:

Where:

F = Load at a specific point within the linear re-

gion (N)

L = Span length between supports (50 mm)

b = Width of the specimen (10 mm)

d = Thickness of the specimen (3 mm)

y = Deflection corresponding to load F (in mm)

All measurements were recorded and computed

with high precision to ensure consistency across

groups.

Statistical Analysis

All statistical analyses were performed using the

Statistical Package for the Social Sciences (SPSS),

version 26.0. The following statistical methods

were applied to evaluate the significance of differ-
ences among groups:

e One-way Analysis of Variance (ANOVA):
Employed to assess whether there were statisti-
cally significant differences among the four
disinfection groups for each denture base mate-
rial.

e Dunnett’s Post Hoc Test: Applied for multiple
comparisons to determine statistical differ-
ences between each experimental group and
the control group.

e Independent Samples t-test: Used to compare
the differences in mechanical properties be-
tween the two denture base materials (Heat-
cured acrylic resin vs. Valplast) under similar
disinfection conditions.

A significance value of p < 0.05 was adopted for

all tests.

Data were assessed to confirm compliance with

the assumptions required for parametric analysis

and were found to be suitable for the applied tests,
and approval from the research scientific & ethics
committee of Kurdistan Higher Council of Medi-

cal Specialties with reference number (52) on 10

Jan 2024.

FM =
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RESULTS

Flexural Strength

The results of the flexural strength test indicated

that, for both Heat-cured acrylic resin and Valplast

specimens, the control group exhibited the highest

mean values, while specimens immersed in 5.25%

sodium hypochlorite recorded the lowest mean val-

ues.

Flexural Modulus

e For Heat-cured acrylic resin specimens, the
control group again demonstrated the highest
mean flexural modulus, with the sodium hypo-
chlorite group showing the lowest.

o For Valplast specimens, the control group had
the highest mean flexural modulus, while the
minimum value was observed in the group
treated with 2% glutaraldehyde.

Statistical Significance

The one-way ANOVA results showed no statisti-

cally significant differences between the four dis-

infection groups for either Heat-cured acrylic resin
or Valplast specimens (p > 0.05). The magnitude

EDJ

of differences between groups was small, indicat-
ing limited clinical relevance despite the lack of
statistical significance. Similarly, Dunnett’s test
presented no significant differences between the
experimental groups and the control group. Fur-
thermore, the independent t-test showed no signifi-
cant differences between Heat-cured acrylic resin
and Valplast materials under corresponding treat-
ment conditions. Detailed numerical results, in-
cluding mean values and standard deviations, are
presented in Tables 1-4.

3.1 Flexural Strength Heat-cured acrylic resin
Table 1 presents the mean and standard deviation
of flexural strength values for Heat-cured acrylic
resin specimens subjected to different disinfectant
solutions. The control group exhibited the highest
flexural strength (2826.08 + 113.43 MPa), while
the sodium hypochlorite group recorded the lowest
(2702.04 = 78.09 MPa). However, Dunnett’s post
hoc analysis showed no statistically significant dif-
ferences (p > 0.05) between the control and any
disinfected group.

Table 1. Flexural Strength (Heat-Cured Acrylic Resin Material)

Control 2826.08 + 113.43 - -
. . 0.056
5.25% Sodium hypochlorite 2702.04 £ 78.09 C.S NS
4% Chlorhexidine 2776.94 + 56.51 0.632 NS
° ' ' C-CHX
0.991
2% Glutaraldehyde 2814.64 £42.42 C.G NS

3.2 Flexural Strength Valplast

As shown in Table 2, Valplast specimens in the
control group showed the highest mean flexural
strength (1846.08 = 70.74 MPa), while the glutar-

Table 2. Flexural Strength (Valplast Material)

aldehyde group had the lowest (1753.72 + 80.83
MPa). Again, all differences were statistically non-
significant (p > 0.05).

Control 1846.08 + 70.74 - -
. . 0.268
5.25% Sodium hypochlorite 1760.64 +101.37 C.S NS
4% Chlorhexidine 1773.34 + 70.44 0.385 NS
’ ' ' C-CHX
0.216
2% Glutaraldehyde 1753.72 £ 80.83 C.G NS
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3.3 Flexural Modulus Heat-cured acrylic resin

As outlined in Table 3, the control group exhibited
the maximum flexural modulus (71.38 + 0.82
MPa), while the sodium hypochlorite group had

the lowest (68.96 + 2.19 MPa). However, no sig-
nificant differences were observed across groups
(p>0.05).

Table 3. Flexural Modulus (Heat-cured acrylic resin Material)

Control 71.38 +0.82
. . A1

5.25% Sodium hypochlorite | 68.96 +2.19 OC-S > NS

0.798
o o N

4% Chlorhexidine 70.54 £ 56.51 C-CHX NS
0.649

2% Glutaraldehyde 70.28 +42.42 C-G NS

3.4 Flexural Modulus Valplast
Table 4 shows the flexural modulus results for
Valplast. The control group had the highest value

Table 4. Flexural Modulus (Valplast Material)

(56.40 = 0.796 MPa), while the glutaraldehyde
group had the lowest (55.44 + 0.585 MPa). No sta-
tistically significant differences were observed.

Control 56.40 + 0.796
. . 0.400
5.25% Sodium hypochlorite | 55.66 + 0.965 C-S NS
0.998
o 1 N
4% Chlorhexidine 56.32 + 0.988 C-CHX NS
0.215
2% Glutaraldehyde 55.44 £0.585 C.G NS

3.5 Comparative Analysis Heat-cured acrylic
resin vs. Valplast

Independent t-test analysis revealed highly signify
Table 5. Comparison of Flexural Strength Heat-
cured acrylic resin vs. Valplast cant differences (p

< 0.001) in both flexural strength and modulus be-
tween Heat-cured acrylic resin and Valplast across
all treatment groups, as summarized in Table 5-6.
All values were rechecked for accuracy, and the
reported variability reflects the material behavior.

Table 5. Comparison of Flexural Strength Heat-Cured Acrylic Resin vs. Valplast

Control Valplast | 1846.08 = 70.74 16.392 | 0.000
Acrylic | 2826.08 £113.43

5.25% Sodium Hypochlorite | Valplast | 1760.64 +101.37 16.448 | 0.000 HS
Acrylic | 2702.04 £ 78.09

4% Chlorhexidine Valplast | 1773.34 +70.44 24.848 | 0.000 HS
Acrylic | 2776.94 + 56.51

2% Glutaraldehyde Valplast | 1753.72 + 80.83 25.985 | 0.000 HS
Acrylic | 2814.64 £42.42
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Table 6. Comparison of Flexural Modulus Heat-Cured Acrylic Resin vs.Valplast

Control Valplast | 56.40 + 0.796 29.133 | 0.000 HS
Acrylic 71.38 £0.82

;5; :ﬁigf:t‘;m Valplast | 55.66 + 0.965 12.396 | 0.000 HS
Acrylic | 68.96+2.19

4% Chlorhexidine Valplast | 56.34 + 0.988 20.356 | 0.000 HS
Acrylic 70.54 £ 1.20

2% Glutaraldehyde Valplast | 55.44 +0.586 25.985 | 0.000 HS
Acrylic | 70-28 % 42.42 (double-

check SD)
DISCUSSION but limits structural support.'’

Flexural strength is a critical mechanical property
that reflects the ability of a material to resist frac-
ture under bending stress.''"'* In the present study,
comparative analysis between Heat-cured acrylic
resin and Valplast denture base materials demon-
strated a significantly lower flexural strength in
Valplast specimens. This difference is likely asso-
ciated with the hydrophilic nature of Valplast,"
which promotes water absorption and compromis-
es the integrity of the polymer network, potentially
weakening its mechanical properties.

In contrast, Heat-cured acrylic resin is character-
ized by a cross-linked polymer structure that limits
water penetration and preserves mechanical integ-
rity. These results are in alignment with earlier re-
search,'* which reported that nylon-based materi-
als exhibit inferior flexural strength when com-
pared to conventionally processed Heat-cured
acrylic resin. The flexural modulus results further
emphasize this material difference.

Heat-cured acrylic resin specimens fractured under
the three-point bending test, while Valplast speci-
mens showed high elasticity and bent into U-
shaped curves without failure. The higher variabil-
ity observed in Valplast may be attributed to its
elastic deformation behavior under load. This find-
ing indicates that Valplast exhibits greater flexibil-
ity, resulting in a lower modulus of elasticity, a
characteristic that may offer comfort advantages
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The lower modulus values of Valplast also indi-
cate greater susceptibility to long-term defor-
mation under masticatory forces. Importantly, the
effect of chemical disinfectants on the mechanical
performance of both materials was also investigat-
ed.

Immersion in 5.25% sodium hypochlorite, 4%
chlorhexidine, and 2% glutaraldehyde for 40
minutes did not result in statistically significant
deterioration in flexural strength or modulus.
These findings support previous studies'® indicat-
ing that short-term immersion in such disinfectants
under controlled conditions is generally safe.
However, other studies'”'®have reported adverse
effects, but these discrepancies may be variations
in disinfectant concentration, exposure duration, or
elevated immersion temperatures. Our controlled
temperature approach (room temperature or as per
manufacturer instructions) likely contributed to the
negligible effects on mechanical properties.

These findings hold significant clinical implica-
tions, particularly given the frequent disinfection
of removable prostheses in clinical and laboratory
settings. Ensuring that disinfection does not com-
promise denture integrity is essential for maintain-
ing prosthetic performance and patient safety.'’
This study evaluated short-term disinfection; long-
term immersion and cumulative clinical cycles
were not investigated and warrant further research.
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As an in vitro study, these findings should be in-
terpreted with caution when extrapolating to clini-
cal conditions.

CONCLUSION

This study concludes that both Heat-cured acrylic
resin and Valplast denture base materials maintain
their mechanical integrity after disinfection with
4% chlorhexidine gluconate, 5.25% sodium hypo-
chlorite, and 2% glutaraldehyde solutions for up
to 40 minutes. No statistically significant changes
were observed in flexural strength or flexural
modulus under these conditions. However,
Valplast consistently exhibited lower values in
both parameters compared to Heat-cured acrylic
resin, suggesting that while it is more flexible, it
may not be as suitable for cases requiring higher
structural rigidity.
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