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Abstract

This study aimed to comprehensively evaluate the next-generation complete denture manu-
facturing systems that include the material engineering properties, printing procedures, and
their effects on the mechanical properties, surface properties, and biological behaviors. An
in vitro experimental study was conducted. The conventional heat-polymerized polymethyl
methacrylate (PMMA), CAD/CAM-milled polymethyl methacrylate (PMMA), and additively
manufactured denture resins were used in making full dentures. The characterization of the
materials was carried out with respect to mechanical (flexural strength and fracture re-
sistance), surface (surface roughness and microscopic morphology), and physicochemical
(stability) tests. Biological performance was measured by the analysis of protein adsorption
as well as microbial adhesion. Statistical analysis was performed to determine significant dif-
ferences between manufacturing techniques. Computer-aided design and computer-aided
machining (CAD/CAM) dentures showed significantly (p < 0.05) increased flexural strength
(112.7 £ 7.5 MPa) and fracture resistance (1560 + 110 N) compared to the conventional
PMMA denture. CAD/CAM fabricated dentures had significantly lower surface roughness
(0.28 = 0.05 um) than PMMA. Furthermore, there was a decrease in protein adsorption and
bacterial adhesion in CAD/CAM dentures, indicating improved biological compatibility. The
next-generation complete denture manufacturing systems are improved to the conventional
fabrication techniques, in terms of material properties, surface finish and biological re-
sponses. The combination of new material engineering with digital manufacturing is a new
trend towards more predictable and reliable performance, better durability and potentially
better clinical outcome in complete denture restoration.

The traditional form of full denture manufac-

Introduction

Edentulism remains a common oral health
problem, particularly among elderly pa-
tients, and is associated with functional, es-
thetic, and psychosocial consequences. Alt-
hough implant-supported prostheses are in-
creasingly used, complete dentures remain
an important treatment option because they
are affordable, non-invasive, and widely ap-
plicable in fully edentulous patients.
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turing has been highly relying on the tradi-
tional heat-polymerized polymethyl methac-
rylate (PMMA) polymers which is being sub-
jected to compression molding process. De-
spite the clinical success of these classic
workflows of decades, they have been at-
tributed to some inherent weaknesses, like
shrinkage of the polymerization, creation of
pores, size errors, and operator-dependent
variability. These disadvantages may influ-
ence the adhesion of dentures, mechanical
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retention, and clinical prognosis over time,
leading to patient satisfaction and prosthe-
ses retention [1].

Recent advances in digital dentistry have in-
troduced CAD/CAM milling and additive
manufacturing as alternatives to conven-
tional denture processing. These techniques
allow the fabrication of denture bases from
pre-polymerized or digitally cured resin ma-
terials, which may improve material homo-
geneity, dimensional accuracy, and repro-
ducibility.

New articles in this journal are licensed under a Creative Commons Attribution 4.0 United States License.
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Besides mechanical and dimensional factors,
the biological behavior of complete denture
materials have also been in the focus of the
investigation in the contemporary world.
Outcomes of surface modification as a by-
product of production process are crucial in
protein adsorption, microbial adhesion, and
biofilm formation, which are directly in-
volved in the pathology development of den-
ture-related pathologies, denture stomatitis.
It has been argued that digitally made den-
ture bases have a smoother surface and are
less prone to colonization by bacteria than
the traditional PMMA processing, possibly
providing a biological advantage associated
with the digital processing [2].

Although reports have been done on the iso-
lated evaluation of specific aspects of digital
denture production process including the ac-
curacy of fit or mechanical performance,
there is a myriad of gaps in literature regard-
ing the behavior of detailed analytical stud-
ies that perceive the material engineering,
manufacture methodology, biological func-
tions, and clinical outcomes as a unit of anal-
ysis. It is necessary to bridge this gap to have
a clear picture of the impact of the advanced
complete denture manufacturing on patient-
centered care and evidence-based practice
in the discipline of prosthodontics [3].

Previous studies have mainly evaluated iso-
lated outcomes such as denture fit, mechani-
cal strength, or surface roughness. However,
fewer studies have combined mechanical,
surface, and biological assessments within
one experimental design. Therefore, the pre-
sent study aimed to compare conventional
heat-polymerized PMMA, CAD/CAM-milled
PMMA, and additively manufactured den-
ture resins in terms of mechanical perfor-
mance, surface properties, and biological in-
teractions.

Materials and Methods

Study Design

This study was conducted as an integrated in
vitro study which would assess the impact of
different denture fabrication techniques on
material, biological and clinical outcomes.
Three methods of fabrication were explored,
including traditional heat-polymerized
polymethyl methacrylate (PMMA),
CAD/CAM-milled PMMA and additively man-
ufactured denture base resins.

Denture Fabrication Groups

Full denture bases were made and separated
into three experimental groups based upon
the production method:

- Group [: PMMA dentures made tra-
ditionally by heat-polymerizing the material
through the compression molding process.

- Group II: CAD/CAM-milled den-
tures made of pre-polymerized PMMA
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blocks with the help of a computer-aided
production system.

- Group III: Additively manufactured
dentures made with a photopolymerizable
denture base resin that would be processed
through a 3D printing system.

All the specimens were prepared according
to the instructions of manufacturers and the
standard laboratory protocols to reduce the
influence of the operator.

A total of 30 specimens were fabricated for
each experimental group. Rectangular speci-
mens measuring 65 x 10 x 3 mm were pre-
pared according to ISO 20795-1 standards.
Mechanical Testing

Flexural strength and fracture resistance
were the tests done to assess the mechanical
properties of the denture base materials.

A three-point bending test on a universal
testing machine was used to measure flex-
ural strength as per the ISO standards on
denture base polymers. The samples were
continuously loaded under a fixed crosshead
rate until fractured.

Fracture resistance was measured in apply-
ing compressive force until final failure. The
highest magnitude of fracture was noted in
Newtons (N).

Surface Characterization

Surface roughness (Ra) was determined, and
surface morphology was analyzed as surface
properties of denture base materials.

A digital profilometer was used to measure
the surface roughness. Each of the specimens
was read several times, and the average was
obtained. Besides, scanning electron micros-
copy (SEM) was used to examine micro-
scopic surface morphology to determine sur-
face defects, porosity, and structural irregu-
larities.

Biological Evaluation

Protein adsorption and microbial adhesion
analysis was used to evaluate the biological
performance of denture base materials.
Protein adsorption was assessed through the
exposure of denture specimens to artificial
saliva which has salivary proteins and then
spectrophotometric determination of ad-
sorbed proteins was done.

Microbial adhesion was determined using
the common oral microorganisms related to
the formation of denture biofilm. Microbial
colonies that were adhered to denture sur-
faces were then counted by means of colony-
forming unit (CFU) testing after incubation.
Statistical Analysis

The statistical software was used to analyze
all the collected data. Each variable was com-
puted as descriptive statistics of means and
standard deviations.

One-way analysis of variance (ANOVA) was
done with post-hoc tests being used where
necessary to compare the three

manufacturing techniques. The level of sta-
tistical significance was taken to be p < 0.05.

Results

Results are summarized in Figure 1 and Ta-
bles 1, 2, and 3.

Mechanical Performance of Complete
Denture Base Materials

Significant differences in mechanical perfor-
mance were observed among the three man-
ufacturing techniques. CAD/CAM-milled
PMMA showed the highest flexural strength
and fracture resistance, followed by addi-
tively manufactured resin and conventional
heat-polymerized PMMA.

Surface Properties of Full Denture Bases
Significant differences in surface properties
were observed among the manufacturing
techniques. Higher values of surface rough-
ness of the traditionally manufactured den-
tures were accompanied by surface irregu-
larities and porosities even though the pol-
ishing was standard. In contrast, CAD/CAM-
milled dentures demonstrated smoother and
more homogeneous surfaces with fewer
structural irregularities. Additive produced
dentures showed intermediate values of sur-
face roughness, and surface features of lay-
ers, which were partially removed following
finishing and polishing. These findings indi-
cate that in the final conditions of complete
denture base surfaces, manufacturing tech-
nique plays a very crucial role in determining
the final conditions.

Interactions of Biology and Surfaces

Biological evaluation demonstrated that
manufacturing technique directly influenced
protein adsorption and microbial adhesion.
CAD/CAM-milled denture bases showed the
lowest levels of protein adsorption and mi-
crobial colonization, whereas conventional
PMMA demonstrated the highest values. Ad-
ditively manufactured dentures showed in-
termediate biological behavior. These find-
ings suggest that smoother denture surfaces
may reduce microbial accumulation and im-
prove biological compatibility.

Discussion

The findings of the present in vitro study
demonstrate that digital denture manufac-
turing techniques, particularly CAD/CAM
milling, significantly enhance the mechanical
performance of denture base materials com-
pared to conventional heat-polymerized
PMMA. The CAD/CAM-milled specimens,
with improved flexural strength and fracture
toughness, may be attributed to the indus-
trial polymerization of pre-polymerized
resin blocks leading to improved homogene-
ity of materials and less porosity. These en-
hancements are fundamental in reducing the
generation and propagation of cracks under
masticatory forces and thus contribute to
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denture base stability. Similar findings re-
garding the improvement in mechanical
properties of CAD/CAM fabricated denture
materials have been reported before [4].
The tested methods also exhibited signifi-
cant variations in surface properties. Den-
tures manufactured by CAD/CAM milling
had lower surface roughness than conven-
tional PMMA denture base materials,
demonstrating the accuracy and precision of
subtractive manufacturing. In comparison,
conventional processing techniques can cre-
ate surface imperfections and porosities re-
sulting from shrinkage and manual handling.
Given that the surface roughness plays a crit-
ical role in bacterial attachment and plaque
formation, better surface properties of
CAD/CAM denture bases may positively af-
fect their biological behavior. These results
agree with other studies that reported better
surface properties of CAD/CAM denture ba-
ses [2,5].

The biological assessment adds to the body
of literature promoting the use of digital den-
ture fabrication. The observed reduction in
protein adhesion and microbial adhesion in
CAD/CAM specimens can be attributed to
their more smooth and uniform surfaces. Re-
duced microbial adherence is especially im-
portant in avoiding denture-related oral dis-
eases like denture stomatitis, where biofilm
formation is a key factor. Other studies have
also shown decreased biofilm accumulation
on digital denture materials compared to
conventional resins, further confirming the
advantages of digital denture technologies
[6,7].

Additive manufacturing showed moderate
results with regards to mechanical, surface,
and microbiological characteristics. Alt-
hough disposable dentures made through 3D
printing systems have benefits with respect
to design and material waste, the layered
structure may lead to anisotropy in mechan-
ical properties and to surface imperfections,
which might influence the mechanical stabil-
ity and the initial bacterial adhesion. This
agrees with earlier reports, which showed
that additive manufacturing technologies,
despite being promising, need to be im-
proved in terms of material types and post-
processing methods to achieve comparable
properties to CAD/CAM-milled dentures
[7,8].

In summary, this study underscores the im-
portance of processing technologies in the
performance of denture base materials. The
combination of enhanced material engineer-
ing and digital production techniques offers
a more uniform manufacturing process,
which leads to enhanced mechanical proper-
ties, surface incompatibilities and biological
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effects. While the current study was per-
formed in a laboratory setting, the outcomes
of this study indicate great prospects for dig-
ital denture manufacturing in prosthodon-
tics. However, such results need to be con-
firmed through long-term studies for a bet-
ter understanding of the clinical perfor-
mance and the long-term stability [3,9].
Study Limitations

This study has several limitations. First, the
experiment was conducted under controlled
laboratory conditions, which may not fully
reproduce the complexity of the oral envi-
ronment. Second, thermocycling and long-
term aging simulation were not performed.
Third, only selected denture base materials
and fabrication systems were evaluated.
Therefore, future studies should include
long-term clinical evaluation, broader mate-
rial comparisons, and aging protocols to con-
firm these findings.

Future Research Directions

The future research needs to be conducted
based on long-term clinical trials on the du-
rability of digitally fabricated dentures, wear
resistance, and biological performance of
such dentures in various patient groups. Ad-
ditional research is also necessary to deter-
mine the effects of various 3D printing tech-
nology, resin formulations, and subse-
quently post-processing instructions on the
mechanical and biological characteristics of
denture base materials. Also, to develop the
performance of complete denture therapy
and its personalization, it is recommended
that further investigations should be con-
ducted on the adoption of innovative bio-
materials and antimicrobial surface modifi-
cations, along with the artificial intelligence-
enhanced digital workflows. These new de-
velopments can help in improving predicta-
ble, long-lasting and patient-centered forms
of prosthodontics in the digital era of dentis-
try.

Conclusion

Within the limitations of this in vitro study,
CAD/CAM-milled PMMA and additively man-
ufactured denture resins showed improved
mechanical, surface, and biological perfor-
mance compared with conventional heat-
polymerized PMMA.

In general, the implementation of modern
material engineering, combined with digital
manufacturing, is an important contribution
to the overall denture therapy, which pro-
vides greater predictability and longevity
and, more importantly, a biologically prefer-
able prosthodontic solution to edentulous
patients.
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Table 1. The mechanical characteristics of total denture base materials produced using different manufacturing procedures.

Manufacturing technique ||Flexural strength (MPa)|[Fracture resistance (N)
Conventional PMMA 85.4+6.8 1,120+ 95
CAD/CAM-milled PMMA 112.7+7.5 1,560 =110
Additive manufacturing 989+6.2 1,340 £ 105
140 -
p <0.05 p < 0.05
J 1
189 112.7 +7.5 |
i~ 98.3 £ 6.2
a 100 -
= 87.4 + 6.8
s
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Conventional Heat-Polymerized CAD/CAM-Milled Additively Manufactured
PMMA PMMA Denture Resin

Figure 1. Flexural strength of complete denture resins fabricated by different manufacturing techniques.

Table 2. Numbers of surface roughness (Ra) of full denture base materials.
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Manufacturing technique ||Surface roughness Ra (um)
Conventional PMMA 0.62 +0.08
CAD/CAM-milled PMMA 0.28 +0.05
Additive manufacturing 0.41£0.07
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Table 3. Wholesale denture base material biologic interaction parameters.

Manufacturing technique ||Protein adsorption (ng/cm?) |Microbial adhesion (CFU/mm?)

Conventional PMMA 4.8+0.6 32x10°+£04 %103
CAD/CAM-milled PMMA 2.1+04 1.1 x10°+£0.3 x 103
Additive manufacturing 33+0.5 20x10°+£0.5%x 103
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