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Abstract. When planning and manufacturing a removable dental prosthesis, efforts should be made to optimally distribute pressure without
exceeding the threshold of the physiological capacity of tissues, especially since this type of restoration often causes prosthetic stomatopathies
and atrophy of the bone substrate. The aim is to evaluate acrylic prosthetic structures in terms of microstructure, micromechanical parameters,
resistance to movement in sliding friction, and wear resistance in the environment of physiological saline and artificial saliva. The research
material includes removable prosthetic restorations made of acrylic resins manufactured in the Materials Science Laboratory at the Department
of Dental Prosthetics of the Jagiellonian University Medical College. The clinical functionality of the restoration consists of adapting to
individual biomechanical forces and creating the most favorable conditions for proper occlusion. Microstructure tests allowed the identification
of the surface layer in wear defects and indicated the Vertex Rapid Simplified material as the least susceptible to internal defects and cracks,
which may constitute potential places for the growth of fungi and bacteria. Micromechanical tests showed similar values of microhardness and
longitudinal elastic moduli of the biomaterials tested. They may determine the strength and extent of the plate. Premacryl Plus had different and
lower micromechanical parameters. Tribological tests facilitated a positive assessment of the effect of saliva on friction coefficients and forces.
Reducing its value protects the tissues of the prosthetic base against the irritating effects of forces generated by the restoration under chewing and
occlusion conditions.

Keywords: removable dental prosthesis; microstructure; microhardness; friction coefficient; wear.

1. INTRODUCTION

Acrylic resins are widely used in reconstructive dentistry for the
production of denture plates, artificial teeth, materials for den-
ture repairs, individual custom trays, temporary reconstructions,
and maxillofacial epitheses [1–3]. The clinical functionality of
removable structures consists of creating the most favorable
conditions for proper occlusion, without the traumatic impact
of masticatory forces on the prosthetic base, and adapting to
individual biomechanical forces without shifting or damaging
the mucous membrane. Biomaterials for these structures should
be characterized by: strength and durability, satisfactory ther-
mal conductivity properties, accuracy of the shapes produced
and shape-dimensional stability, chemical inertness in the oral
environment and low liquid sorption, lack of taste and odor,
biocompatibility, aesthetics, adhesion to polymeric materials,
metals, and ceramics, and moderate cost and repairability [4–8].
Manufacturers of these materials indicate many characteristics,
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but experimentally determined indications are valuable, allow-
ing optimal choice of material and manufacturing technique
in clinical applications [9–15]. In recent years, work has been
conducted on improving the microstructural, mechanical, and
tribological parameters of acrylic resins modified with various
types of fibers, fillers, and nanofillers [1, 3, 6–8]. In the condi-
tions of transferring functional loads and the need to evaluate
the impact of the structure on the stomatognathic system (SS),
important criteria are the mesial and distal resistance of the
prosthesis plate, the correct microstructure of the manufactured
restorations, the appropriate biomechanical parameters and en-
suring a surface layer compatible with oral tissues [6, 8, 16].
When planning and manufacturing the structure, efforts should
be made to optimally distribute the pressure on the substrate
so that the masticatory loads can be evenly transferred, with-
out exceeding the threshold of the physiological capacity of the
tissues, especially since this type of structure often causes pros-
thetic stomatopathies and atrophy of the bone substrate [17,18].
The main cause of these symptoms is overload and trauma to the
mucous membrane caused by occlusive forces generated in SS.

Prosthetic stomatopathy is an inflammatory process of the
prosthetic base mucous membrane of varying severity and com-
plex etiology, with the predominant involvement of mechanical
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trauma from the prosthesis and fungal infection [19–22]. It man-
ifests itself with swelling, pain, bleeding, and taste disturbances.

Mechanical trauma is considered the most common etiologi-
cal factor of stomatopathy. It may result from the following:
• Incorrect design of the prosthesis and insufficient smooth-

ness of the mucosal surface of the denture plate or bridge
pontics (Fig. 1)

• Incorrect course of the clasps (Fig. 2a)
• Too long and wide edges of prosthetic crowns (Fig. 2b)
• Individual predispositions

Fig. 1. The Impact of an incorrect prosthesis construction and
insufficient smoothness of the mucosal surface

Fig. 2. Mechanical injury caused by: (a) incorrect placement of
the clasps, (b) too long and wide edge of the prosthetic crowns

The design of the prosthesis has a decisive role in influencing the
substrate, bone, and periodontal structures, the musculoskele-
tal system, and the preserved natural teeth. Optimization of the
structure requires a holistic approach [23–28]. The basic issues
are clinical solutions that ensure functionality, but not less im-
portant is the biomechanical and biotribological context, which
includes analysis of restoration contact in the oral cavity itself,
adhesion of structures and tissue structures, rheological pro-
cesses in layer contact: the supporting surface of the prosthesis
– saliva – mucous membrane [29–34].

Currently, a prosthetist who is to make a prosthetic restoration
uses one of the materials available on the market, without having
full data on its microstructural, micromechanical, or tribolog-
ical parameters. They can only rely on information provided
by manufacturers, but experimentally determined indications
are more valuable. Only a broader perspective on the parame-
ters allows for the optimal selection of a material for clinical
applications. In other research centers, the authors conducted

tests on selected mechanical and tribological parameters of var-
ious acrylic and composite resins, often modified with fibers,
fillers, and nanofillers, but there are no reports on studies on
currently commercially used acrylic resins. The study aimed to
evaluate acrylic prosthetic structures in terms of microstructure,
micromechanical parameters, resistance to movement in sliding
friction, and wear resistance in the environment of physiological
saline and artificial saliva, which may be an indication for the
prosthetist to use a specific material for prosthetic restorations.

2. MATERIALS AND METHODS

The research material includes removable prosthetic restorations
made of acrylic resins intended for denture plates and acrylics
for dentures, polymerized according to the manufacturers’ rec-
ommendations, manufactured in the Laboratory of Materials
Science and Dental Technology, Department of Dental Pros-
thetics, Institute of Dentistry, Faculty of Medicine, Jagiellonian
University Medical College.

For microstructural, micromechanical, and tribological tests
of acrylic polymers intended for denture plates and for their
repair, samples were made in the shape of ϕ1/4 inch (6.35 mm)
discs with a thickness of 1/16 inch (1.59 mm), 15 pieces of each
material. The polymers had valid certificates of use. They were
made from the following biomaterials:
1. ProBase Hot Pink (Ivoclar Vivadent, Schaan, Liechtenstein)

– intended for denture plates. The samples were hot poly-
merized using the flasking procedure. The framed can was
placed in a pot of cold water. The water was heated to 100◦C.
The boiling was maintained for 45 minutes.

2. Vertex Rapid Simplified (Vertex Dental B.V., Soesterberg,
Netherlands) – intended for full and partial denture founda-
tions. It is characterized by short-term polymerization using
the pressing technique. Starting polymerization in warm wa-
ter, polymerization at 100◦C for 20 minutes.

3. ProBase Cold Polymer Pink (Ivoclar Vivadent, Schaan,
Liechtenstein), a self-polymer intended for repairing and
rebasing, can be used for denture plates. Polymerization us-
ing the infusion technique was carried out on a pressure
apparatus for 15 minutes at a temperature of 40◦C and a
pressure of 5 bar.

4. Vertex Self-Curing (Vertex Dental B.V., Soesterberg,
Netherlands) – self-polymer intended for the repair and re-
basing of dentures. It was briefly polymerized for 10 minutes
at a temperature of 45–55◦C and a pressure of 2.5 bar.

5. Villacryl SP V4 (Zhermack Dental, Badia Polesine, Italy) –
self-polymer intended for the fabrication of acrylic parts in
frame dentures, as well as for the manufacture of full den-
tures using the infusion method. It can also be used to repair
dentures or to make temporary or immediate dentures. The
samples were taken using the infusion technique. Polymer-
ized for 20 minutes at 65◦C under a pressure of 2 bar.

6. Premacryl Plus (SpofaDental, Jicin, Czech Republic) – a
self-polymer intended for immediate dentures and for re-
pairs of removable dentures. Samples were polymerized at
a temperature of 50–60◦C, 15 minutes at a pressure of 0.2–
0.3 MPa.
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In addition, microstructural and micromechanical tests of re-
movable prosthetic restorations were conducted. Denture plates
were made of ProBase Hot Pink polymer and Gnathostar teeth
were used for the lateral section, following the recommenda-
tions of Ivoclar Vivadent. The prostheses were made using hot
polymerization using the flasking procedure. After standard pro-
cessing and polishing, they were intended for further research.
The prosthesis fragments were separated:
• In a plane perpendicular to the alveolar arch, including the

tooth, its attachment to the plate, and part of the plate con-
tacting the alveolar process of the mandible (Fig. 3a).

• By cutting from the vestibular side, the internal structure
and the attachment of the teeth to the denture plate in the
plane tangential to the arch were exposed (Fig. 3b).

Fig. 3. Fragments of the denture intended for testing: (a) structure ob-
tained by cutting with a plane perpendicular to the mandibular arch,
(b) structure obtained by cutting with a plane tangential to the mandibu-

lar arch

To perform microstructural and micromechanical tests, the cut
fragments were stabilized in resin and polished using a Struers
TegraForce-5 device. Using programmed operations, the surface
layer required for the testing was achieved.

Microstructural analyses were performed on a Zeiss Stemi
508 optical microscope and a Hitachi S3400N scanning electron
microscope. The microstructure of the surface layer before the
wear process and in the wear defect zone was evaluated using a
Hitachi S-3400N scanning microscope after carbon sputtering.

Micromechanical properties tests, which included measure-
ments of microhardness and Young’s modulus in selected cross
sections, were carried out on the NHT3 device from Anton Paar.
They were determined by using a Berkovich indenter. In the mea-
surements, the force and penetration depth values of the blade
were continuously recorded during the loading and unloading
cycle. The maximum load value was 200 mN, the loading and
unloading speed was 400 mN/min, and the maintenance time
of the maximum load was 5 s. For each cycle, the indenter load
was determined as a function of the penetration depth. The anal-
ysis of micromechanical properties was based on the Oliver and
Pharr method, according to which the microhardness (HV) and
elastic modulus of the tested material (E) were calculated from
the indentation curve. Micromechanical parameters for each of
the discussed materials were determined as the average of eight
measurements for selected cross sections.

Tribological tests were performed on a Roxana Machine
Works machine, using a friction node of the ball – three discs

made of the tested material. Countersamples were standard
Sø 1/2′′ (12.70 mm) ceramic balls made of zirconium oxide,
made with a deviation of 0.00013 mm according to ASTM
F2094-02a. The discs and countersamples were moistened for 48
hours prior to test, when samples from the first group were im-
mersed in physiological saline, and in the second group a com-
mercial preparation of artificial saliva Kserostemin was used.

Fig. 4. Spatial system of forces in the friction node and a set of 3 discs
after the test

The geometry of the sliding test node approximated the spatial
arrangement found in SS (Fig. 4) [28]. It allowed the imitation
of the change in wear intensity observed in in vivo tests, which
is associated with an increase in the contact surface area. The
tests were performed in the first group in a physiological saline
environment and in the second group in an artificial saliva en-
vironment, with the following parameters:
• Rotational speed 𝑛 = 200 rpm ±5 rpm
• Operating temperature 36.6◦C ±1◦C
• Load 𝑃 = 400 N ±3 N
• Duration 15 min ±5 s

The measure of the anti-wear properties of the tested materials
was the average diameter of the wear flaw. During the test,
the friction torque was continuously recorded, and the friction
coefficients were determined on this basis.

3. TEST RESULTS

3.1. Microstructural studies

Based on the optical and scanning tests, the microstructures of
the surface layer of the discs were determined, wear defects were
measured, and their structures were analyzed (Figs. 5 and 6). Op-
tical microscopy tests locate the structure of the surface layer in
the defect (Fig. 5). SEM analysis in wear resistance tests allows
us to show differences in the size of the defect, but also identi-
fies the surface layer in the defect. Defects in the surface layer,
free from flaws, were found for the Vertex Rapid Simplified ma-
terial. Only minor scratches are visible. There are cracks and
delaminations in other materials. A particularly exfoliated and
cracked structure is visible in Villacryl SP V4 and Premacryl
Plus. Thus, cracks, delaminations, peelings, and empty spaces
found in defects may weaken the structure and constitute po-
tential places for the accumulation of bacteria and fungi. Such
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defects create the possibility of their multiplication and patho-
logical impact on the oral mucosa. As a consequence, they can
cause inflammation and mycosis.

Fig. 5. Optical microscopy images of the structure of the surface layer
in the defect of discs from: (a) ProBase Hot Pink, (b) Vertex Rapid
Simplified, (c) ProBase Cold Polymer Pink, (d) Vertex Self Curing,

(e) Villacryl SP V4, (f) Premacryl Plus

Fig. 6. SEM images of the structure, along with defect measurements,
of discs from: (a) ProBase Hot Pink, (b) Vertex Rapid Simplified,
(c) ProBase Cold Polymer Pink, (d) Vertex Self Curing, (e) Villacryl

SP V4, (f) Premacryl Plus

3.2. Micromechanical tests

Micromechanical tests were preceded by tests using a Zeiss
Stemi 508 optical microscope of cut denture structures in areas
characteristic of the denture structure (Fig. 7). Three research
areas were selected in these cross-sections: the tooth, the tooth-
plate connection and the plate. The following cross sections
were made for microscopic analysis: cross sections in a plane
perpendicular to the mandibular arch through the attached tooth
and the plate from the buccal and lingual side, and cross sections
in a plane tangential to the mandibular arch through acrylic teeth
and the plate in the lingual view. Microscopic images confirmed

Fig. 7. Image of the structure obtained by cutting with a plane: (a) per-
pendicular to the mandibular arch, (b) tangential to the mandibular arch

the correct attachment of the teeth to the denture plates, proving
that the polymerization process is taking place properly.

Micromechanical tests were conducted: microhardness and
longitudinal modulus of elasticity in cross sections through the
internal structures of the prostheses (Tables 1 and 2). Young’s
moduli in the cross-sections were very similar. The average value
was 4.30 GPa. This proves the homogeneity of the materials for
the teeth, the material of the plates, and the correct connection
of the teeth with the plate in the polymerization process. No
defects were found in the connections analyzed that stabilize the
teeth in the denture. The highest microhardness was observed in
teeth in axial sections, with 226.35 GPa in planes tangential to
the alveolar arch and with 232.39 MPa in planes perpendicular
to it.

Table 1
List of micromechanical parameters of the prosthesis in the cross-

section in a plane perpendicular to the alveolar arch
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Tooth
Average value 21.52 232.39 4.45 6721.82

Standard deviation 0.24 2.60 0.04 40.22

Tooth-plate
connection

Average value 20.58 222.20 4.38 6851.98

Standard deviation 0.32 3.48 0.02 39.84

Plate
Average value 20.09 216.92 4.30 6936.10

Standard deviation 0.01 0.08 0.01 2.06

Table 2
List of micromechanical parameters of the prosthesis in the cross-

section with a plane tangential to the alveolar arch

Material
of tests
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parameters
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Tooth
Average value 20.96 226.35 4.24 6830.59

Standard deviation 0.13 1.38 0.03 21.22

Tooth-plate
connection

Average value 20.76 224.11 4.23 6862.93

Standard deviation 0.05 0.55 0.01 6.81

Plate
Average value 20.88 225.44 4.22 6852.01

Standard deviation 0.32 3.47 0.02 43.22

In addition, micromechanical tests were performed on a wider
group of biomaterials intended for denture plates. The results of
these studies can be presented in three groups (Table 3, Fig. 8):
• The highest and similar values in the range from 244.56 MPa

to 250.95 MPa were recorded by ProBase Hot Pink, Vertex
Rapid Simplified, and Villacryl SP V4.

• Lower, but also similar values ranging from 234.53 MPa to
237.13 MPa had ProBase Cold Polymer Pink and Vertex
Self-Curing.
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• Premacryl Plus had the lowest and different microhardness
value, 202.87 MPa.

The test results for Young’s modulus, which characterizes the
elasticity of acrylics, were similar in the range of 4.48 GPa
to 4.63 GPa for the analyzed group of materials, except for
Premacryl Plus, which achieved a lower Young’s modulus
value, 4.14 GPa.

Table 3
List of micromechanical parameters of acrylic resins for denture plates

Material
of tests
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parameters
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ProBase
Hot Pink

Average value 23.24 250.95 4.57 6507.97

Standard deviation 23.24 1.20 0.01 9.79

Vertex Rapid
Simplified

Average value 22.76 245.72 4.52 6570.46

Standard deviation 0.06 0.65 0.01 8.31

ProBase Cold
Polymer Pink

Average value 21.96 237.14 4.64 6637.16

Standard deviation 0.06 0.63 0.04 10.61

Vertex Self-
-Curing

Average value 21.72 234.53 4.48 6691.13

Standard deviation 0.16 1.75 0.01 22.53

Villacryl
SP V4

Average value 22.65 244.56 4.64 6557.12

Standard deviation 0.07 0.74 0.02 11.64

Premacryl
Plus

Average value 18.79 202.87 4.14 7116.00

Standard deviation 0.21 2.29 0.02 41.49

Fig. 8. Microhardness graph and Young’s modulus of acrylic resins for
denture plates

3.3. Tribological tests

The results of tribological tests of materials intended for den-
ture plates made of six different materials, in cooperation with
ZrO2, showed different degrees of friction coefficients both in
the physiological saline environment (Fig. 9) and in the presence
of artificial saliva (Fig. 10).

In the case of tribological tests performed in a physiological
saline environment, a similar nature of the course of friction
coefficients can be observed. All materials first achieved the
maximum value of friction coefficients, and then the value of

Fig. 9. Sliding friction coefficients of acrylic polymers in physiological
saline

Fig. 10. Sliding friction coefficients of acrylic polymers in artificial
saliva

friction coefficients decreased until they stabilized in the final
phase. Taking into account the final phase of the study, the
materials are arranged into three groups.

The group with the lowest friction coefficient values includes
ProBase Hot Pink, which had friction coefficients from 0.085 to
0.140, and after stabilization at the level of 0.090.

The group with higher friction coefficient values included
Vertex Rapid Simplified and ProBase Cold Polymer Pink. In
the case of Vertex Rapid Simplified, the friction coefficients
during the test were in the range of 0.100–0.127 and stabilized
at 0.110. In turn, ProBase Cold Polymer Pink denture materials
had friction coefficients throughout the test range of 0.100–
0.149, which stabilized in the final phase at the level of 0.122.

The third group with the highest friction coefficient values
included the following polymers: Vertex Self-Curing, Villacryl
SP V4, and Premacryl Plus. In the case of Vertex Self-Curing
acrylic plates, the friction coefficients were in the range of
0.136–0.157 and stabilized at 0.140. For Villacryl SP V4, the
friction coefficients were in the range of 0.137–0.160 and in
the final phase they reached the value of 0.142. In turn, for
Premacryl Plus, the friction coefficients were in the range of
0.137–0.155 and stabilized at the level of 0.138.
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In tribological tests in the presence of artificial Kserostemin
saliva, characteristic variations were observed in the course of
the friction coefficient values. It is possible to distinguish materi-
als that had a similar stabilized course of coefficients throughout
the research period. These materials include: Vertex Rapid Sim-
plified and ProBase Hot Pink. In the second group of materials,
the friction coefficients increased, and only in the final phase of
the test did stabilization occur, namely ProBase Cold Polymer
Pink and Vertex Self-Curing. In the remaining test nodes, first
achieved the maximum values of friction coefficients, and then
these values decreased until they stabilized in the final phase
– Villacryl SP V4 and Premacryl Plus. Taking into account the
final phase of the study, it can also be observed that the materials
are arranged in 3 groups.

The first group consisted of materials with the lowest friction
coefficients: Vertex Rapid Simplified and ProBase Hot Pink.
These materials were obtained by hot polymerization. In the case
of Vertex Rapid Simplified, the friction coefficients throughout
the test range were in the range of 0.032–0.054 and stabilized at
the level of 0.051. In turn, in the case of the ProBase Hot Pink
material, higher values of friction coefficients were observed,
but the most stable course of all the materials tested over the
entire research range was 0.058–0.072 and stabilized at 0.060.

The second group with slightly higher friction coefficient
values were Villacryl SP V4, ProBase Cold Polymer Pink, and
Vertex Self-Curing materials. During the test, Villacryl SP V4
denture plates had friction coefficients ranging from 0.042 to
0.088. In the final phase, these coefficients amounted to 0.076.
In the case of ProBase Cold Polymer Pink, the friction coef-
ficients throughout the test range were 0.075–0.115 and sta-
bilized at 0.083. In turn, Vertex Self-Curing had friction co-
efficients during the test in the range of 0.064–0.092, which
stabilized at 0.090.

The last group was the material with the highest friction
coefficient value – Premacryl Plus. Throughout the research
range, it had the highest friction coefficients among all tested
materials, in the range of 0.107–0.125, and they stabilized at the
value of 0.108.

The results of the wear resistance tests of plate materials
were evaluated based on the average diameter of the wear de-
fect (Fig. 11). The highest wear resistance under sliding friction

Fig. 11. Wear resistance in sliding friction of acrylic resins on denture
plates, in the presence of physiological saline and artificial saliva

conditions in the presence of saline was found for the following
materials: ProBase Hot Pink – the average diameter of the wear
defect was 2.60 mm and Vertex Rapid Simplified – the average
diameter of the wear defect was 2.64 mm. In turn, the lowest
wear resistance was found for the Premacryl Plus sample – the
average diameter of the wear defect was 3.93 mm. When the arti-
ficial saliva preparation Kserostemin was used in the test nodes,
significantly lower values of wear defects were observed. The
highest wear resistance was found for the following materials:
Vertex Rapid Simplified – the average diameter of the wear de-
fect was 1.93 mm. The following materials were characterized
by poorer wear resistance: ProBase Hot Pink – average defect
diameter was 2.23 mm, Vertex Self-Curing – defect 2.32 mm,
ProBase Cold Polymer Pink – 2.47 mm, and Villacryl SP V4 –
2.58 mm. Premacryl Plus demonstrated the lowest wear resis-
tance of all the tested materials, for which the average diameter
of the wear defect was found to be 3.17 mm.

4. DISCUSSION

In the conditions of transferring functional loads and the need
to evaluate the impact of the structure on SS, important crite-
ria are the correct microstructure of the manufactured restora-
tions, appropriate mechanical parameters, and surface layers of
the prosthesis compatible with oral tissues. Compatibility with
tissues is determined by friction coefficients that ensure micro-
slips without disturbing the structure of the mucous membrane
and ensure the generation of optimal friction forces under chew-
ing conditions, which will be balanced by the interaction of
the substrate in the presence of physiological saline or artificial
saliva. Another important parameter is the wear resistance of
the denture plate and teeth [28].

Comparison of test results with studies by other authors
was difficult because our tests analyzed modern commercial
acrylic resins dedicated to the production of prosthetic restora-
tions. Comprehensive micromechanical and tribological tests
were conducted, which may indicate to the prosthetist to use a
specific material for prosthetic restorations. In other research
centers, the authors conducted tests of selected mechanical
and tribological parameters of various acrylic and composite
resins, often modified with fibers, fillers, and nanofillers. Dayan
et al. [35] compared different acrylic and composite materi-
als with respect to microhardness and wear. Materials with the
highest microhardness were the most wear-resistant. Gallab et
al. [36] evaluated the mechanical and tribological properties
of PMMA-based dentures strengthened by a low content of
alumina (Al2O3) nanoparticles. Yu et al. [37] evaluated the
influence of 3D printing process parameters on the tribologi-
cal and mechanical properties of acrylic resin. Wyszyńska et
al. [38] compared the parameters of 10 materials used for the
soft lining of acrylic dentures. Among the materials tested were
Vertex Rapid Simplified and Villacryl, which were also evalu-
ated in our tests. Raszewski [39] presented studies comparing
the mechanical properties, biocompatibility, and clinical use of
acrylic resins from CAD/CAM technology. Rana et al. [40]
evaluated the fracture loads of PMMA complete denture bases
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reinforced with glass-fiber mesh and orthopedic casting tape,
in comparison to conventional PMMA dentures under artificial
aging. Yadav et al. [41] performed a comprehensive review of
the physical, mechanical, and tribological parameters of dental
resin composite materials. Al-Qahtani et al. [42] evaluated the
flexural strength of PMMA denture base repaired with heat-
polymerized, auto-polymerized, and light-polymerized acrylic
resins after thermocycling. Chhabra et al. [43] evaluated and
compared the flexural strength and impact strength of a heat-
cured acrylic denture base resin and 3D-printed denture base
resin. Tzeng et al. [44] developed potential composite resins
with tunable mechanical properties for 3D printers based on
digital light processing technology.

It should be noted that in the tested dentures the highest mi-
crohardness of the tooth construction materials is recommended
due to their direct tribological contact with opposing teeth dur-
ing food grinding and chewing [11, 12, 35–37, 45–47]. Very
similar values of the longitudinal modulus of elasticity indicate
the similarity of chemical bonds and do not have a significant
impact on the strength comparison of structures made of these
biomaterials [13, 16, 38–41, 48]. Differences in microhardness
values are much more important. Here, it can be noticed that
only Premacryl Plus has lower values, which indicates that it
should not be used in support structures.

In the clinical aspect, a more optimal solution will be a plate
with a higher microhardness and a higher elastic modulus value.
Higher microhardness and Young’s modulus provide improved
structural stability and greater compressive strength under chew-
ing conditions [10, 42–44]. Moreover, such parameters deter-
mine the possibility of making an extensive structure with a
smaller plate thickness. The anatomical structure and physiol-
ogy of the SS should be taken into account. It is important
to recognize that microhardness and Young’s modulus should
not attain excessively high values. Plates may exert elevated
pressure on the mucous membrane, especially in the absence
of saliva or its inappropriate rheological parameters. Increased
value of microhardness and elastic modulus may prevent the
creation of negative pressure conditions between the denture
plate and the substrate tissues. In the case of natural tooth tis-
sues, the mechanical parameters are significantly higher than
for acrylic materials. Enamel is the most mineralized and also
the hardest tissue in the human body, surpassing even bone in

hardness. This facilitates its proper functioning, i.e., covering
the remaining tooth tissues and protecting them from external
factors. Enamel reaches a microhardness of 2500–6000 MPa,
and Young’s modulus in the range of 55–120 GPa. Underneath
the enamel is dentin, which is a mineralized connective tissue
consisting of a yellow porous material whose role is tooth pro-
tection, similar to enamel. As a protective layer, dentin cannot
compare with enamel in terms of hardness and is therefore more
susceptible to damage. It contains microscopic dentinal tubules
and exhibits a microhardness ranging from 500 to 800 MPa,
with Young’s modulus between 15 and 22 GPa. Cortical bone,
in turn, demonstrates micromechanical properties comparable
to those of dentin, with a microhardness in the range of 600 and
700 MPa and a longitudinal modulus of elasticity between 13
and 21 GPa [49].

The results of tribological tests facilitated the determination
of friction coefficients and wear resistance of acrylic polymers
in sliding contact in the presence of physiological saline and in
the presence of artificial saliva. The introduction of two fluids
in the test nodes and the significant differences in the results of
tests on friction coefficients and wear resistance demonstrate the
important physiological and tribological function of saliva.

The evaluation of resistance to movement in sliding friction
allows for the determination of friction coefficients, and the
sizes of wear defects indicate the resistance of biomaterials to
destruction as a result of concentrated contact. The given force
𝑃, loading the node, generates three reactions on the Hertzian
diameter: 𝑁1 = 𝑁2 = 𝑁3 (Fig. 4). With the symmetry of the
friction node and the same thickness of the disks, it can be
assumed that the load on the node 𝑃 is divided into three normal
reactions

𝑁1 = 𝑁2 = 𝑁3 = 𝑁. (1)

The value of the normal reaction is

𝑁1 =
𝑃
√

6
. (2)

If the force 𝑃 corresponds to the resulting chewing force, then
based on the experimentally determined values of the friction
coefficients 𝜇1 = 𝜇2 = 𝜇3, we can determine the friction forces
in chewing, acting on the SS (Table 4). These forces must be
balanced by the resistance of the prosthetic base tissues.

Table 4
List of friction coefficients and forces for denture plate materials tested in a physiological saline environment and in an artificial saliva preparation

Material of tests Occlusal force [N]
𝑁1=𝑁2=𝑁3

Physiological saline Artificial saliva
Coefficient of
friction 𝜇PS

Friction force
𝑇PS [N]

Coefficient of
friction 𝜇𝑆

Friction force
𝑇𝑆 [N]

ProBase Hot Pink

163.30

0.090 14.70 0.060 9.80
Vertex Rapid Simplified 0.110 17.96 0.051 8.33
ProBase Cold Polymer Pink 0.122 19.92 0.083 13.55
Vertex Self-Curing 0.140 22.86 0.090 14.70
Villacryl SP V4 0.142 23.19 0.076 12.41
Premacryl Plus 0.138 22.54 0.108 17.64
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The decrease in wear resistance, which is manifested by an
increase in the average diameter of the wear defect under sliding
contact conditions, indicates a greater susceptibility of the ma-
terial to destruction and may reveal defects in the polymerized
biomaterial. Structure discontinuities, cracks, and delaminations
create potential areas for colonization by plaque, bacteria, and
fungi. These types of material defects may also negatively af-
fect the deterioration and scraping of the structure used by the
patient.

The analysis of tribological processes in the sliding contact
of the prosthesis plate with SS tissues indicates that there are
two causes of movement resistance: mechanical friction result-
ing from the deformation of the irregularities of the contact of
the surface layers of the plate and tissues in the presence of a
lubricating medium, and molecular friction caused by the need
to overcome adhesion forces resulting from the interactions of
surface particles (molecules) of both structures. Based on the
conducted research, it can be evaluated that this molecular in-
teraction is particularly important and results from the nature of
the lubricating medium, in this case, saliva. The patient’s saliva
and its rheological spectrum influence the possibility of using
the prosthesis and the conditions of its operation. In clinical sit-
uations, the application of SS reconstruction should be preceded
by the patient’s saliva rheological tests.

To analyze the influence of the lubricant in the form of physi-
ological saline and artificial saliva, three materials with the best
tribological parameters were compared on a graph (Fig. 12).
The comparison shows that for each of the materials tested, the
use of the artificial saliva preparation Kserostemin resulted in a
significant reduction in the friction coefficients. Moreover, it can
be observed that in test nodes using artificial saliva, there are
much more stable courses of friction coefficients throughout the
entire test range. The largest decrease in the friction coefficient
value in the stabilized phase was observed for Vertex Rapid
Simplified from 0.110 to 0.051, and the smallest for ProBase
Hot Pink – from 0.090 to 0.060. The results of tribological tests
indicate that the presence of saliva has a significant impact on
reducing the values of friction coefficients and increasing the

Fig. 12. List of friction coefficients of selected acrylic resins for denture
plates in physiological saline and artificial saliva

wear resistance. Lower coefficient values under normal loads
are due to the increased adhesion and molecular nature of the
saliva preparation compared to physiological saline.

Lowering the friction coefficients in contact of the denture
plate with the substrate tissues may result in lower microdis-
placement resistances, which reduces the irritating effect on the
substrate. It is a basic factor that improves the conditions of use
of the prosthesis by the patient.

5. CONCLUSIONS

Lowering the values of friction coefficients results in a reduction
in the values of friction forces that are generated by normal
forces resulting from occlusion, especially in mastication. This
reduces the irritating effect of friction forces on the tissues of
the prosthetic base.

Lowering the values of the friction coefficients protects the
structure against the formation of wear-related irregularities in
the surface layer, which protects the denture against plaque de-
position and the formation of potential fatigue cracks.

The values of the friction coefficients and their stabiliza-
tion depend on the tribological parameters of the lubricating
medium. In the case of artificial saliva, thanks to its rheological
and adhesive parameters, the coefficient values are much lower
and the waveforms are much more stable.

Reduced wear resistance, which is manifested by the size of
wear defects under sliding contact conditions, may reveal de-
fects in the polymerized biomaterial. Structure discontinuities,
cracks, and delaminations create potential areas for colonization
by plaque, bacteria, and fungi.

The implemented method of testing acrylic resins for remov-
able dentures allowed them to be evaluated in terms of structural,
strength, and tribological aspects, which significantly translates
into optimal selection and application in clinical conditions.

Microstructure tests allowed the identification of the surface
layer in wear defects and indicated the Vertex Rapid Simplified
material as the least susceptible to internal defects and cracks,
which may constitute potential places for the growth of fungi
and bacteria. Micromechanical tests showed similar values of
microhardness and longitudinal elastic moduli of the biomateri-
als tested and may determine the strength and extent of the plate.
Premacryl Plus attained different and lower micromechanical
parameters.

Given the microstructural, micromechanical, and tribological
tests, Vertex Rapid Simplified was identified as the best plate
material for clinical applications, followed by ProBase Hot Pink.
In contrast, Premacryl Plus accomplished the least favorable
results.

ACKNOWLEDGEMENTS

This work is financed by AGH University of Krakow, Fac-
ulty of Mechanical Engineering and Robotics: subvention No.
16.16.130.942/B503.

8 Bull. Pol. Acad. Sci. Tech. Sci., vol. 73, no. 5, p. e154730, 2025



Acrylic resins for manufacturing dental prosthetic restorations – microstructural, micromechanical and tribological tests

REFERENCES

[1] Y. AL-Jmmal, N.Z. Mohammed, and H.M. AL-Kateb, “The ef-
fect of aging on hardness of heat cured denture base resin modi-
fied with recycled acrylic resin,” Clin. Exp. Dent., vol. 10, no. 1,
p. e828, 2024, doi: 10.1002/cre2.828.

[2] S. Alsharif, A. Alhareb, and A. Abudalazez, “Components of
Dental Resin Composites: A Literature Review,” AlQalam J.M.
Appl. Sci., vol. 7, no. 3, pp. 427–440, 2024, doi: 10.54361/aj-
mas.247301.

[3] E.S. Ahmed and L.M. Oudah, “Acrylic Resin Denture Base Ma-
terial Enhancement by Fiber, Filler, and Nano Filler Addition:
A Systematic Review,” Tikrit J. Dent. Sci., vol. 12, no. 1, pp.
11–20, 2024, doi: 10.25130/tjds.12.1.2.

[4] E.Ç. Yilmaz and R. Sadeler, “A literature review on chewing
simulation and wearssssss mechanisms of dental biomaterials,”
J. Bio. Tribo-Corros., vol. 7, p. 91, 2021, doi: 10.1007/s40735-
021-00529-0.

[5] X. Xu, L. He, B. Zhu, J. Li, and J. Li, “Advances in polymeric
materials for dental applications,” Polym. Chem., vol. 8, no. 5,
pp. 807–823, 2017, doi: 10.1039/C6PY01957A.

[6] B.D. Sahm et al., “Structure-properties correlation of acrylic
resins modified with silver vanadate and graphene,” Heliyon, vol.
10, no. 11, p. e32029, 2024, doi: 10.1016/j.heliyon.2024.e32029.

[7] T.M. Hamdy, “Evaluation of flexural strength, impact strength,
and surface microhardness of self-cured acrylic resin reinforced
with silver-doped carbon nanotubes,” BMC Oral Health, vol. 24,
p. 151, 2024, doi: 10.1186/s12903-024-03909-3.

[8] B.D. Sahm et al., “Microstructural characterization, mechani-
cal and microbiological properties of acrylic resins added with
reduced graphene oxide,” Odontology, vol. 113, pp. 340–348,
2025, doi: 10.1007/s10266-024-00981-7.

[9] M. Gad et al., “Water sorption, solubility, and translucency of
3D-printed denture base resins,” Dent. J., vol. 10, no. 3, p. 42,
2022, doi: 10.3390/dj10030042.

[10] B.C. Aguirre, J.H. Chen, E.D. Kontogiorgos, D.F. Murchison,
and W.W. Nagy, “Flexural strength of denture base acrylic resins
processed by conventional and CAD-CAM methods,” J. Pros-
thet. Dent., vol. 123, no. 4, pp. 641–646, 2020, doi: 10.1016/
j.prosdent.2019.03.010.

[11] S.F. Altaie, “Tribological, microhardness and color stability
properties of a heat-cured acrylic resin denture base after re-
inforcement with different types of nanofiller particles,” Dent.
Med. Probl., vol. 60, no. 2, pp. 295–302, 2023, doi: 10.17219/
dmp/137611.

[12] P.N. Uehara, C.M. Iegami, R. Tamaki, R.Y. Ballester, R.M. de
Souza, and D.C. Laganá, “Analysis of behavior of the wear co-
efficient in different layers of acrylic resin teeth,” J. Prosthet.
Dent., vol. 121, no. 6, pp. 967-e1, 2019, doi: 10.1016/j.prosdent.
2019.02.022.

[13] V. Torno and P. Soares, “Tribological behavior and wear mecha-
nisms of dental resin composites with different polymeric matri-
ces,” J. Mech. Behav. Biomed. Mater., vol. 144, p. 105962, 2023,
doi: 10.1016/j.jmbbm.2023.105962.

[14] S. Dur et al., “An optimally solving dentistry internal purity
in heat polymerized acrylic resin with different polymerization
methods,” Sys. Rev. Pharm., vol. 11, no. 3, pp. 974–980, 2020,
doi: 10.31838/srp.2020.3.149.

[15] M.M. Quezada, C.M.d.C.G. Fernandes, J.M. Martín,
A.R.M. Correia and P.A.B. da Fonseca, “Influence of dif-
ferent processing techniques for prosthetic acrylic resins in the

surface roughness parameters: a research article,” BMC Oral
Health, vol. 24, p. 641, 2024, doi: 10.1186/s12903-024-04397-1.

[16] B. Almufleh et al., “Patient-Reported Outcomes of Metal and
Acrylic Resin Removable Partial Dentures: A Systematic Review
and Meta-Analysis,” J. Prosthodont., vol. 29, no. 5, pp. 378–386,
2020, doi: 10.1111/jopr.13169.

[17] D. Pieniak et al., “The effect of thermal stresses on the functional
properties of various dental composites,” Tribol. Int., vol. 152,
pp. 106509, 2020, doi: 10.1016/j.triboint.2020.106509.

[18] D. Pieniak, A. Walczak, M. Walczak, K. Przystupa, and
A.M. Niewczas, “Hardness and wear resistance of dental biomed-
ical nanomaterials in a humid environment with non-stationary
temperatures,” Materials, vol. 13, no. 5, p. 1255, 2020, doi:
10.3390/ma13051255.

[19] S. An, J.L. Evans, S. Hamlet, and R.M. Love, “Incorporation
of antimicrobial agents in denture base resin: A systematic re-
view,” J. Prosthet. Dent., vol. 126, no. 2, pp. 188–195, 2021, doi:
10.1016/j.prosdent.2020.03.033.

[20] Z. Raszewski, A. Nowakowska-Toporowska, D. Nowakowska,
and W. Więckiewicz, “Update on acrylic resins used in dentistry,”
Mini Rev. Med. Chem., vol. 21, no. 15, pp. 2130–2137, doi:
10.2174/1389557521666210226151214.

[21] A.M. Ryniewicz, K. Mazur, Ł. Bojko, and W. Ryniewicz, “Influ-
ence of the Position of the Mandible on Stresses and Displace-
ments within the Structures of the Temporomandibular Joint,”
Tribologia, vol. 293, no. 5, pp. 27–38, 2020, doi: 10.5604/01.
3001.0014.6956.

[22] W. Ryniewicz, A.M. Ryniewicz, and Ł. Bojko, “Geometrical
parameters of the mandible in 3D CBCT imaging,” Biocybern.
Biomed. Eng., vol. 39, no. 2, pp. 301–311, 2019, doi: 10.1016/
j.bbe.2018.09.005.

[23] W. Ryniewicz, Ł. Bojko, and A.M. Ryniewicz, “The Impact of
Sintering Technology and Milling Technology on Fitting Tita-
nium Crowns to Abutment Teeth – In Vitro Studies,” Materials,
vol. 15, no. 17, p. 5835, 2022, doi: 10.3390/ma15175835.

[24] Ł. Bojko, A.M. Ryniewicz, and W. Ryniewicz, “Strength Tests
of Alloys for Fixed Structures in Dental Prosthetics,” Materials,
vol. 15, no. 10, p. 3497, 2022, doi: 10.3390/ma15103497.

[25] W. Ryniewicz, A.M. Ryniewicz, and Ł. Bojko, “The effect of a
prosthetic crown’s design on the accuracy of mapping an abut-
ment teeth’s shape,” Measurement, vol. 91, pp. 620–627, 2016,
doi: 10.1016/j.measurement.2016.05.019.

[26] W. Ryniewicz, A.M. Ryniewicz, and Ł. Bojko, “Modeling crowns
and assessment of the accuracy of mapping the shape of pros-
thetic abutments,” Prz. Elektrotech., vol. 90, no. 5, pp. 146–149,
2014, doi: 10.12915/pe.2014.05.34.

[27] A.M. Ryniewicz, T. Machniewicz, W. Ryniewicz, and Ł. Bojko,
“Strength tests of the polymers used in dental prosthetics,” Arch.
Mech. Eng., vol. 65, no. 4, pp. 515–525, 2018, doi: 10.24425/
ame.2018.125440.

[28] A.M. Ryniewicz, W. Ryniewicz, Ł. Bojko, and P. Pałka, “Tri-
bological tests and impact tests of acrylic polymers for dental
prosthetics,” Tribologia, vol. 280, no. 4, pp. 89–95, 2018, doi:
10.5604/01.3001.0012.7539.

[29] P. Blau, “Lessons learned from the test-to-test variability of dif-
ferent types of wear data,” Wear, vol. 376, pp. 1830–1840, 2017,
doi: 10.1016/j.wear.2016.11.012.

[30] M. Firlej et al., “Effect of artificial aging on mechanical
and tribological properties of CAD/CAM composite materi-

Bull. Pol. Acad. Sci. Tech. Sci., vol. 73, no. 5, p. e154730, 2025 9

https://doi.org/10.1002/cre2.828
https://doi.org/10.54361/ajmas.247301
https://doi.org/10.54361/ajmas.247301
https://doi.org/10.25130/tjds.12.1.2
https://doi.org/10.1007/s40735-021-00529-0
https://doi.org/10.1007/s40735-021-00529-0
https://doi.org/10.1039/C6PY01957A
https://doi.org/10.1016/j.heliyon.2024.e32029
https://doi.org/10.1186/s12903-024-03909-3
https://doi.org/10.1007/s10266-024-00981-7
https://doi.org/10.3390/dj10030042
https://doi.org/10.1016/j.prosdent.2019.03.010
https://doi.org/10.1016/j.prosdent.2019.03.010
https://doi.org/10.17219/dmp/137611
https://doi.org/10.17219/dmp/137611
https://doi.org/10.1016/j.prosdent.2019.02.022
https://doi.org/10.1016/j.prosdent.2019.02.022
https://doi.org/10.1016/j.jmbbm.2023.105962
https://doi.org/10.31838/srp.2020.3.149
https://doi.org/10.1186/s12903-024-04397-1
https://doi.org/10.1111/jopr.13169
https://doi.org/10.1016/j.triboint.2020.106509
https://doi.org/10.3390/ma13051255
https://doi.org/10.1016/j.prosdent.2020.03.033
https://doi.org/10.2174/1389557521666210226151214
https://doi.org/10.5604/01.3001.0014.6956
https://doi.org/10.5604/01.3001.0014.6956
https://doi.org/10.1016/j.bbe.2018.09.005
https://doi.org/10.1016/j.bbe.2018.09.005
https://doi.org/10.3390/ma15175835
https://doi.org/10.3390/ma15103497
https://doi.org/10.1016/j.measurement.2016.05.019
https://doi.org/10.12915/pe.2014.05.34
https://doi.org/10.24425/ame.2018.125440
https://doi.org/10.24425/ame.2018.125440
https://doi.org/10.5604/01.3001.0012.7539
https://doi.org/10.1016/j.wear.2016.11.012


Ł. Bojko, P. Pałka, A.M. Ryniewicz, and W. Ryniewicz

als used in dentistry,” Materials, vol. 14, p. 4678, 2021, doi:
10.3390/ma14164678.

[31] V.L. Mudliar, M.T. Tieh, J.M. Aarts, A. Paras and J.J.E. Choi,
“Wear of modern denture teeth – a systematic review,” Oral,
vol. 2, pp. 95–111, 2022, doi: 10.3390/oral2010011.

[32] G. Myagmar, J.-H. Lee, J.-S. Ahn, I.-S.L. Yeo, H.-I. Yoon, and
J.-S. Han, “Wear of 3D printed and CAD/CAM milled in-
terim resin materials after chewing simulation,” J. Adv. Prostho-
dont., vol. 13, no. 3, pp. 144–151, 2021, doi: 10.4047/jap.2021.
13.3.144.

[33] D.M. Pham, M.D. Gonzalez, J.C. Ontiveros, F.K. Kasper,
G.N. Frey, and D.M. Belles, “Wear resistance of 3D printed and
prefabricated denture teeth opposing zirconia,” J. Prosthodont.,
vol. 30, pp. 804–810, 2021, doi: 10.1111/jopr.13339.

[34] A. Grymak, M.T. Tieh, A.H.X. Yang, and J.J.E. Choi, “Devel-
opment of predictive algorithms for the wear resistance of den-
ture teeth materials,” J. Mech. Behav. Biomed. Mater., vol. 144,
p. 105984, 2023, doi: 10.1016/j.jmbbm.2023.105984.

[35] C. Dayan, B. Kiseri, B. Gencel, H. Kurt, and N. Tuncer, “Wear
resistance and microhardness of various interim fixed prosthesis
materials,” J. Oral. Sci., vol. 61, no. 3, pp. 447–453, 2019, doi:
10.2334/josnusd.18-0323.

[36] M. Gallab, M. Taha, A. Rashed, and A. Nabhan, “Effect of low
content of Al2O3 nanoparticles on the mechanical and tribo-
logical properties of polymethyl methacrylate as a denture base
material,” Egypt. J. Chem., vol. 65, no. 8, pp. 1–9, 2022, doi:
10.21608/EJCHEM.2022.88597.4786.

[37] L. Yu, Y. Zhu, L. Wang, J. Zhang, J. Zhou, and Y. Fu, “Influence
of 3D printing process parameters on the tribological properties
of acrylic resin,” J. Appl. Polym. Sci., vol. 140, no. 6, p. e53448,
2023, doi: 10.1002/app.53448.

[38] M. Wyszyńska et al., “Analysis of Changes in the Tensile
Bond Strenght of Soft Relining Material with Acrylic Den-
ture Material,” Materials, vol. 14, no. 22, p. 6868, 2021, doi:
10.3390/ma14226868.

[39] Z. Raszewski, “Acrylic resins in the CAD/CAM technology:
A systematic literature review,” Dent. Med. Probl., vol. 57, no. 4,
pp. 449–454, 2020, doi: 10.17219/dmp/124697.

[40] M.H. Rana et al., “Influence of dental glass fibers and orthope-
dic mesh on the failure loads of polymethyl methacrylate den-

ture base resin,” Polymers, vol. 13, no. 16, p. 2793, 2021, doi:
10.3390/polym13162793.

[41] R. Yadav, H. Lee, J.H. Lee, R.K. Singh, and H.H. Lee, “A com-
prehensive review: Physical, mechanical, and tribological char-
acterization of dental resin composite materials,” Tribol. Int., vol.
179, p. 108102, 2023, doi: 10.1016/j.triboint.2022.108102.

[42] M. AlQahtani and S.B. Haralur, “Influence of different repair
acrylic resin and thermocycling on the flexural strength of den-
ture base resin,” Medicina, vol. 56, no. 2, pp. 50, 2020, doi:
10.3390/medicina56020050.

[43] M. Chhabra, M.N. Kumar, K.N. Raghavendra Swamy, and
H.M. Thippeswamy, “Flexural strength and impact strength of
heat-cured acrylic and 3D printed denture base resins – A com-
parative in vitro study,” J. Oral. Biol. Craniofac. Res., vol. 12,
no. 1, pp. 1–3, 2022, doi: 10.1016/j.jobcr.2021.09.018.

[44] J.J. Tzeng, T.S. Yang, W.F. Lee, H. Chen, and H.M. Chang, “Me-
chanical properties and biocompatibility of urethane acrylate-
based 3D-printed denture base resin,” Polymers, vol. 13, no. 5,
p. 822, 2021, doi: 10.3390/polym13050822.

[45] S. Al-Zubaidi, B.L. Mahdi, M.A. Salman, and M.S. Salleh, “Eval-
uation of hardness and Surface roughness of 3D printed Acrylic
Resin Used for Denture Base,” DJES, vol. 18, no. 1, pp. 237–248,
2025, doi: 10.24237/djes.2025.18114.

[46] S.M. Fouda et al., “Influence of denture brushing on the surface
properties and color stability of CAD-CAM, thermoformed, and
conventionally fabricated denture base resins,” J. Prosthodont.,
vol. 34, no. 1, pp. 91–100, 2025, doi: 10.1111/jopr.13801.

[47] S.A. Ali, H.W. Abozaed, H.A. Jazar, and A.Z. Mostafa, “Sur-
face hardness and wear resistance of prefabricated and CAD-
CAM milled artificial teeth: A cross-over clinical study,”
J. Prosthodont., vol. 34, no. 1, pp. 15–25, 2025, doi: 10.1111/
jopr.13890.

[48] A. Al-Ameri, O.Y. Alothman, O. Alsadon, and D. Bangalore,
“An In-Vitro Evaluation of Strength, Hardness, and Color Sta-
bility of Heat-Polymerized and 3D-Printed Denture Base Poly-
mers After Aging,” Polymers, vol. 17, no. 3, p. 288, 2025, doi:
10.3390/polym17030288.

[49] S. Habelitz, “Materials Engineering by Ameloblasts,” J. Dent.
Res., vol. 94, no. 6, pp. 759–767, 2015, doi: 10.1177/0022034
515577963.

10 Bull. Pol. Acad. Sci. Tech. Sci., vol. 73, no. 5, p. e154730, 2025

https://doi.org/10.3390/ma14164678
https://doi.org/10.3390/oral2010011
https://doi.org/10.4047/jap.2021.13.3.144
https://doi.org/10.4047/jap.2021.13.3.144
https://doi.org/10.1111/jopr.13339
https://doi.org/10.1016/j.jmbbm.2023.105984
https://doi.org/10.2334/josnusd.18-0323
https://doi.org/10.21608/EJCHEM.2022.88597.4786
https://doi.org/10.1002/app.53448
https://doi.org/10.3390/ma14226868
https://doi.org/10.17219/dmp/124697
https://doi.org/10.3390/polym13162793
https://doi.org/10.1016/j.triboint.2022.108102
https://doi.org/10.3390/medicina56020050
https://doi.org/10.1016/j.jobcr.2021.09.018
https://doi.org/10.3390/polym13050822
https://doi.org/10.24237/djes.2025.18114
https://doi.org/10.1111/jopr.13801
https://doi.org/10.1111/jopr.13890
https://doi.org/10.1111/jopr.13890
https://doi.org/10.3390/polym17030288
https://doi.org/10.1177/0022034515577963
https://doi.org/10.1177/0022034515577963

	INTRODUCTION
	MATERIALS AND METHODS
	TEST RESULTS
	Microstructural studies
	Micromechanical tests
	Tribological tests

	DISCUSSION
	CONCLUSIONS

