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ARTICLE INFO ABSTRACT

Keywords: 3D printing, Background: Denture base resins play a critical role in the longevity and clinical success of

denture base resin, heat- removable prostheses. Conventional heat-cured polymethyl methacrylate (PMMA) has long

cured PMMA, flexural been the material of choice; however, the advent of 3D printing technology has introduced

strength, mechanical alternative materials with potential advantages in fabrication efficiency and customization.

properties Despite these benefits, concerns remain regarding their mechanical properties.
Aim: To compare the mechanical strength of 3D-printed denture base resins with
conventional heat-cured denture base resins.

doi:10.48165/ajm.2026.9.01.35  Materials and Methods: This in vitro study was conducted using standardized rectangular
specimens fabricated from two groups: Group I - heat-cured PMMA denture base resin and
Group II - 3D-printed denture base resin. Each group consisted of equal numbers of samples
prepared according to manufacturer specifications. Mechanical strength was evaluated using
a three-point bending test on a universal testing machine to determine flexural strength.
The obtained data were statistically analyzed using an independent t-test, with the level of
significance set at p < 0.05.
Results: The heat-cuared PMMA group demonstrated higher mean flexural strength
compared to the 3D-printed resin group. The difference between the groups was found
to be statistically significant (p < 0.05), indicating superior mechanical performance of
conventional denture base material under the tested conditions.
Conclusion: Within the limitations of this study, heat-cured denture base resins exhibited
greater mechanical strength than 3D-printed resins. However, 3D-printed materials offer
advantages in terms of fabrication and digital workflow, suggesting the need for further
advancements to enhance their mechanical properties for long-term clinical application.

Introduction prostheses, serving to support artificial teeth and distribute
functional forces to the underlying oral tissues."” Among
The denture base is a fundamental component of removable the various materials available, polymethyl methacrylate
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has remained the gold standard for denture base fabrication
due to its favorable properties, including adequate esthetics,
ease of processing, cost-effectiveness, and acceptable
biocompatibility.’ Conventional heat-cured PMMA, in
particular, has been widely used owing to its superior
mechanical properties compared to self-cured and light-
cured alternatives. Despite these advantages, PMMA is not
without limitations, as it exhibits relatively low impact and
flexural strength, making it susceptible to fracture under
functional and parafunctional stresses.**

In recent years, advancements in digital dentistry
have revolutionized prosthodontic practice, with the
introduction of computer-aided design and computer-
aided manufacturing (CAD-CAM) technologies. Among
these innovations, additive manufacturing, commonly
known as 3D printing, has gained significant attention for
the fabrication of denture bases. This technology allows for
precise layer-by-layer construction of prostheses directly
from digital designs, offering advantages such as reduced
material wastage, enhanced reproducibility, improved fit, and
streamlined laboratory workflows. Additionally, 3D printing
enables rapid prototyping and customization, making it an
attractive alternative to conventional techniques.

However, the transition from conventional to digital
fabrication methods raises important concerns regarding
the mechanical properties of 3D-printed denture base
resins. Unlike heat-cured PMMA, which undergoes
polymerization under controlled temperature and pressure
conditions, 3D-printed resins are typically fabricated
through photopolymerization processes. This difference in
polymerization mechanisms may influence the material’s
internal structure, degree of conversion, and ultimately its
mechanical performance. Factors such as layer orientation,
printing parameters, and post-processing protocols can
further affect the strength and durability of 3D-printed
prostheses.®’

Mechanical strength, particularly flexural strength, is a
critical parameter in evaluating denture base materials, as
dentures are subjected to complex masticatory forces during
function. Insufficient strength can lead to midline fractures,
patient discomfort, and frequent prosthesis failure, thereby
compromising treatment outcomes.'”"! Therefore, it is
essential to assess whether 3D-printed denture base resins
can withstand functional loads comparable to those of
conventional heat-cured PMMA.

Although several studies have explored the properties of
3D-printed dental materials, there remains a need for direct
comparative analysis focusing on their mechanical strength
in relation to traditional denture base resins. Such evidence
is crucial for guiding clinicians in material selection and
for determining the clinical viability of emerging digital
fabrication techniques.

Hence, the present in vitro study was undertaken to compare
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the mechanical strength of 3D-printed denture base resins
with that of conventional heat-cured denture base resins,
thereby contributing to the growing body of evidence in
digital prosthodontics.

Materials and Methods

This in vitro comparative study was conducted to evaluate
and compare the mechanical strength of 3D-printed denture
base resins with conventional heat-cured denture base
resins. A total of 40 standardized specimens were fabricated
and divided into two groups, with 20 specimens in each
group. Group I comprised heat-polymerized polymethyl
methacrylate (PMMA) resin specimens fabricated using DPI
Heat Cure Denture Base Resin (Dental Products of India,
Mumbai, India), while Group II consisted of 3D-printed
specimens fabricated using NextDent Denture 3D+ resin
(NextDent B.V,, Soesterberg, Netherlands).

All specimens were prepared in accordance with ISO
20795-1:2013 standards for denture base polymers, with
dimensions standardized at 65 mm x 10 mm x 3 mm. For
Group I, wax patterns were first fabricated using a stainless
steel mold of the desired dimensions. These patterns were
subjected to conventional flasking and dewaxing procedures.
The heat-cured PMMA resin was mixed according to the
manufacturer’s instructions, packed into the mold, and
polymerized using a long curing cycle at 74°C for 8 hours.
Following polymerization, the specimens were allowed
to bench cool, retrieved, and finished and polished using
standard laboratory techniques.

For Group II, specimens were digitally designed using CAD
software and fabricated using a 3D printer (NextDent 5100,
3D Systems, USA) with a layer thickness of 50 pm. After
printing, the specimens were cleaned in isopropyl alcohol
to remove any uncured resin and subsequently subjected to
post-polymerization in a UV curing unit (LC-3DPrint Box,
NextDent) as per the manufacturer’s recommendations.
The specimens were then finished and polished to ensure
uniform surface characteristics.

The mechanical strength of all specimens was evaluated by
measuring flexural strength using a three-point bending
test in a universal testing machine (Instron, Norwood, MA,
USA). Each specimen was placed on two supports with a
span length of 50 mm, and load was applied at the center
at a crosshead speed of 5 mm/min until fracture occurred.
The maximum load at fracture was recorded, and flexural
strength was calculated using the standard formula.

The obtained data were tabulated and statistically analyzed
using SPSS software (Version 25.0; IBM Corp., Armonk, NY,
USA). Mean and standard deviation values were calculated
for each group, and an independent t-test was applied to
compare the mean flexural strength between the two groups.
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The level of statistical significance was set at p < 0.05. As this
was an in vitro study, ethical approval was not required.

Result

The flexural strength values of both groups were recorded
and analyzed. The mean flexural strength of the heat-cured
PMMA group (Group I) was found to be higher than that
of the 3D-printed resin group (Group II). The difference
between the two groups was statistically significant,
indicating superior mechanical strength of the conventional
heat-cured denture base resin under the conditions of this
study. (Table 1)

Table 1: Comparison of Flexural Strength Between Group
Mean Flexural

Group  Material Strength (MPa) + p-value
Standard Deviation
GroupI Heat-cured PMMA 92.45+5.12 0.001
<0.
Group I 3D-Printed Resin ~ 68.30 + 4.87
Discussion

The present in vitro study compared the mechanical strength,
specifically flexural strength, of 3D-printed denture base
resins with conventional heat-cured polymethyl methacrylate
(PMMA). The results demonstrated that the heat-cured
PMMA specimens exhibited significantly higher flexural
strength than the 3D-printed denture base resins, indicating
superior resistance to fracture under bending forces.
Flexural strength is a critical property for denture base
materials, as dentures are routinely subjected to complex
masticatory and parafunctional forces in the oral
environment.'>” Fracture of dentures, particularly along
the midline, is a common clinical complication and is often
attributed to inadequate material strength. The higher
flexural strength observed in heat-cured PMMA in this
study can be attributed to its well-established polymerization
process, which occurs under controlled heat and pressure
conditions.” This results in a more homogeneous polymer
matrix, reduced residual monomer content, and improved
intermolecular bonding, all of which contribute to enhanced
mechanical properties.

In contrast, 3D-printed denture base resins are fabricated
using additive manufacturing techniques based on
photopolymerization. This process involves layer-by-
layer deposition and curing of resin, which can introduce
anisotropy and weak interlayer bonding. The presence of
layer lines and potential voids between layers may act as
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spots of stress concentration, thereby reducing the overall
strength of the material. Additionally, the degree of polymer
conversion in 3D-printed resins may be lower compared to
heat-cured PMMA, especially if post-curing protocols are
not optimized, further affecting mechanical performance.'>'¢
Another important factor influencing the strength of
3D-printed resins is the printing orientation. Studies have
shown that specimens printed at different angles exhibit
varying mechanical properties, with certain orientations
leading to reduced resistance to fracture due to the alignment
of layers relative to applied forces. In the present study,
although standardized printing parameters were maintained,
inherent limitations of the additive manufacturing process
may have contributed to the lower flexural strength observed
in the 3D-printed group.

The findings of this study are consistent with several previous
investigations that reported superior mechanical properties
of conventional heat-cured denture base resins compared to
3D-printed materials. However, it is important to note that
despite their lower strength, 3D-printed resins offer several
advantages, including reduced fabrication time, improved
reproducibility, digital storage of designs, and enhanced
customization. These benefits make them a promising
alternative, particularly in cases where rapid denture
fabrication is required.

From a clinical perspective, the lower flexural strength of
3D-printed denture base resins suggests that they may be
more suitable for interim or provisional prostheses rather
than long-term definitive dentures, especially in patients
with high occlusal loads or parafunctional habits. However,
ongoing advancements in material science and printing
technologies are expected to improve the mechanical
properties of these materials, potentially bridging the gap
between digital and conventional fabrication methods.

The present study has certain limitations. Being an in
vitro study, it does not fully replicate the complex oral
environment, where factors such as thermal cycling,
water sorption, fatigue loading, and microbial activity can
influence material properties. Additionally, only one brand
of 3D-printed resin and one type of conventional heat-cured
PMMA were evaluated, which may limit the generalizability
of the findings. Future studies should include a wider range
of materials, evaluate additional mechanical properties such
as impact strength and fatigue resistance, and incorporate
simulated oral conditions to provide more comprehensive
insights.

Within the limitations of this study, it can be concluded
that conventional heat-cured PMMA denture base resins
continue to demonstrate superior mechanical strength
compared to currently available 3D-printed alternatives.
Nevertheless, the advantages offered by digital fabrication
highlight the need for continued research and development
in this evolving field of prosthodontics.
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Conclusion

Within thelimitations of this in vitro study, it can be concluded
that conventional heat-cured polymethyl methacrylate
(PMMA) denture base resin demonstrated significantly
higher flexural strength compared to 3D-printed denture
base resin. This indicates that heat-cured PMMA possesses
superior resistance to fracture and remains more reliable for
long-term clinical use in denture fabrication.

Although 3D-printed denture base resins exhibited lower
mechanical strength, they offer notable advantages such as
ease of fabrication, reduced processing time, and enhanced
digital workflow. Therefore, these materials may be
considered suitable for interim or provisional prostheses,
with potential for broader clinical application as material
properties continue to improve.

Further research incorporating larger sample sizes, multiple
material systems, and simulation of intraoral conditions is
recommended to validate and expand upon these findings.
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