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Purpose: To evaluate relevant material properties (flexural strength [σf], elastic modulus [E], water sorption 
[Wsp] and solubility [Wsl], and biocompatibility) of an additive manufacturing (AM) polymer vs a heat-curing 
acrylic resin (AR; control) for the manufacture of complete dentures, testing the hypothesis that fabrications 
from both materials would present acceptable material properties for clinical use. Materials and Methods: 
The σf, E, Wsp, and Wsl were evaluated according to the ISO 20795-1:2013 standard, and the biocompatibility 
was evaluated using MTT and SRB assays. Disk-shaped specimens were fabricated and used for Wsp (n 
= 5), Wsl (n = 5), and biocompatibility (n = 3) testing. For assessment of σf and E, bar-shaped specimens  
(n = 30) were fabricated and stored in 37°C distilled water for 48 hours or 6 months before flexural testing 
in a universal testing machine with a constant displacement rate (5 ± 1 mm/minute). Data from σf, E, Wsp, 
Wsl, and biocompatibility tests were statistically analyzed using Student t test (α = .05). Weibull analysis 
was also used for σf and E data. Results: Significant differences between the two materials were found 
for the evaluated material properties. Water storage for 6 months did not affect the flexural strength of 
the AM polymer, but this material showed inadequate σf and Wsl values. Conclusions: Despite adequate 
biocompatibility and strength stability after 6 months of water storage, the AM polymer recommended for 
complete dentures needs further development to improve the material properties evaluated in this study. Int 
J Prosthodont 2024;37(suppl):s109–s117. doi: 10.11607/ijp.8295
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Edentulism is a highly prevalent condition worldwide that is more prominent among 
low- and middle-income countries.1 Tooth loss can negatively impact quality of life, 
decreasing functional and nutritional abilities,2,3 affecting esthetics and lifestyle, 

and reducing self-esteem and social integration.4,5 A complete denture is a treatment 
option to minimize such negative effects for edentulous patients.6

The American Society for Testing and Materials (ASTM) defines additive manufac-
turing (AM) as the process of joining materials to make objects from 3D model data, 
usually layer upon layer, as opposed to subtractive manufacturing methodologies.7 
Digital technologies have advanced rapidly in dentistry, enabling the development 
of faster and less expensive techniques with greater predictability,7 including the 
manufacture of complete dentures and their parts.8–10 As a result, AM technology 
is now able to fabricate structures from digital models created by computer-aided 
design (CAD) software and transferred to 3D printers. The transition to the clinical 
application of AM in dentistry is highly dependent on the available materials, which 
must not only provide the necessary precision but also the biologic and physical prop-
erties suitable for dental use.11 Water sorption and solubility, flexural strength, elastic 
modulus, and biocompatibility are clinically relevant material properties for a denture 
base.11–13 Acrylic resins (ARs), which are traditionally used to manufacture complete 
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denture bases, must withstand masticatory forces12 and 
present adequate water sorption and solubility values, as 
these properties can influence the dimensional behavior 
and stability of the denture.13

Water can significantly affect the dimensional and me-
chanical properties of polymers, which absorb a small 
amount of water when in an aqueous system. Water 
penetrates the polymer chains, acting as a plasticizer and 
slightly expanding the polymerized material.14 Flexural 
strength has been widely used to characterize materials 
and structures because it is an efficient and simple test.15–17  
Studies have evaluated the flexural strength (σf),

16,18 elastic 
modulus (E),16,18 water sorption (Wsp),19,20 and water 
solubility (Wsl)19,20 of heat-curing ARs used for denture 
bases. However, there is limited information on the mate-
rial properties of AM polymers used for denture bases.21 
The flexural strength of denture base resins manufactured 
with different techniques (conventional and AM) ranged 
from 62 to 110 MPa for conventional ARs, while an AM 
polymer (NextDent Base) ranged from 60 to 84 MPa.22 
The evaluation of postpolymerization time (0, 5, 10, and 
20 minutes) on flexural strength, elastic modulus, frac-
ture toughness, water sorption and solubility, degree of 
conversion, surface hardness, and cytotoxicity of resin 
materials for denture bases (3D-printing PMMA or con-
ventional heat-curing resin) showed that all properties and 
parameters improved with increasing postcuring time for 
the AM resin, while 20 minutes of exposure had similar 
behavior for the conventional heat-curing resin.23 In ad-
dition, other parameters influence the accuracy of printed 
objects, such as the printing technology, the type and 
color of resin, the type of polymerization light, and the 
procedures using for the postprinting process.21

Thus, AM technology could be used to improve the 
development of new and practical dental treatment 
options. However, knowledge about materials and the 
clinical applicability of AM in dentistry is still incipient. 
Therefore, the present study aimed to evaluate the bio-
mechanical behavior and biocompatibility of an AM 
polymer used to fabricate complete denture bases by 
investigating clinically relevant material properties that 

were compared to a conventional AR also used for den-
ture bases. The hypothesis tested was that both materials 
present acceptable properties for clinical use.

MATERIALS AND METHODS

Specimen Preparation
Disk-shaped specimens (50-mm diameter × 0.5-mm 
thickness for Wsp and Wsl tests; 4-mm diameter × 1-mm 
thickness for biocompatibility) and bar-shaped specimens 
(64-mm length × 10-mm width × 3.5-mm thickness for 
σf and E tests) were manufactured for the two materi-
als,24 AR (Clássico; control), and AM polymer (Cosmos 
Dental Model, Yller).

The 3D specimens were created and saved as standard 
tessellation language (STL) files that were transferred 
to the specific system (CAMcreator) of the 3D printer 
(Varseo, Bego) and organized three-dimensionally on 
the digital printing platform (Fig 1). The number and 
placement of the sprues followed the standard software 
suggestion.

Respecting the limit of the printing area of the 3D 
printer based on stereolithography (SLA) technology, 
each cycle allowed printing of four bar-shaped speci-
mens or five disk-shaped specimens. The bar-shaped 
specimens were horizontally printed according to their 
largest surface and contained 182 layers with a thickness 
of 0.027 mm (27 µm) comprising the printing base, the 
support sprues, and the specimen. The disks were verti-
cally printed and contained 1,080 layers with a thickness 
of 0.027 mm (27 µm) from the base to the specimen. 
After printing, the structure (including the printing base, 
sprues, and specimen) was removed from the printer, 
and the residue from the printing resin was initially re-
moved in 96% ethyl alcohol. The specimens were then 
sonically cleaned in a digital ultrasonic cleaner (CD-4810, 
Gnatus) in a 96% ethyl alcohol bath for 10 minutes.

Postcuring was performed in a light-curing unit 
(Magnabox, EDG) consisting of a 3-minute cycle followed 
by two polymerization cycles of 5 minutes each (total time: 
13 minutes). The specimens were manually separated from 

Fig 1  (a) Bar-shaped and (b and c) disk-shaped specimens were designed to fit on the digital printing platform. 

a b c
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the sprues, and small defects from removing the sprues 
were polished using a #2,500 sandpaper (3M ESPE) ap-
plied in one direction with water.

The bar- and disk-shaped AR specimens were conven-
tionally fabricated using dental laboratory muffles and 
matrices made using printing resin (Cosmos Denture, 
Yller) and a 3D printer, as described previously. The lower 
part of the muffle was filled with a layer of extra hard 
plaster (Tuff Rock 44, Talladium). After setting, the plas-
ter was covered with a layer of laboratory condensation 
silicone (Zettalabor, Zhermack). Four 3D-printed matrices 
were placed in the silicone, and a 2-kg glass plate was 
placed on them to obtain a smooth layer. After complete 
setting of the silicone, the middle part of the muffle 
was positioned, an isolation coat (Cel-Lac, SS White) 
was applied to the surface of the silicone/matrices, the 
muffle was filled with extra hard plaster, and the muffle 
was closed. After complete setting of the plaster, the 
muffle was opened and the matrices were removed, 
leaving their impression on the laboratory silicone. The 
heat-activated AR was manipulated according to the 
manufacturer’s instructions and adapted to the impres-
sions left by the matrices. The muffle was closed and hy-
draulically pressed to remove the excess AR. The muffle 
was placed in a manual press, immersed in water at 
room temperature, and heated to 70°C for 30 minutes, 
followed by 30 minutes of temperature maintenance 
and subsequent heating to 100°C for 60 minutes. The 
water was allowed to cool to room temperature, and 
the muffle was removed from the water and opened to 
access the AR specimens, which were carefully removed 
and polished in water with #2500 sandpaper.

The disk-shaped AR specimens (50 × 0.5 mm) for the 
Wsp and Wsl tests were obtained from a stainless steel 
matrix.23 The AR was manipulated to the plastic phase 
as described previously and fitted in the metal matrix, 
which was closed with the stainless steel lid. The matrix 
was pressed (1,000 kg for 12 hours), the AR excess was 
removed, and the matrix was placed into a container 
with water at room temperature for the polymerization 
cycle as described previously. After AR polymerization 
and matrix cooling, the matrix was opened, and the 
specimens were removed.

All specimens were visually inspected to assess poten-
tial manufacturing failures.

Flexural Strength and Elastic Modulus
The bar-shaped AR and 3D specimens were tested for σf 
and E according to the ISO 20795-1:2013 standard.24 Af-
ter fabrication, all specimens were stored in 37°C distilled 
water for 48 hours or 6 months before submitting them 
to the 3-point bending test. The water of the specimens 
stored for 6 months was changed weekly, ensuring that 
the specimens remained constantly immersed in water.

The specimens (n = 30) were removed from the water 
storage and placed on the supporting rollers (3.2-mm  
diameter × 10.5-mm length; span = 50 mm) of the 
3-point bending test unit immersed in 37°C water. The 
metallic piston of the universal testing machine (Instron) 
was carefully positioned in the center of the specimen, 
and the load was applied with a constant displacement 
rate of 5 mm/minute until specimen fracture.

Flexural strength was calculated (in MPa) with the 
following equation, where F is the maximum load (in 
Newtons), l is the span between the supports (50 mm), 
b is the width (in millimeters) of the specimen, and h is 
the height (in millimeters) of the specimen:

σ = 3Fl / 2bh2

The E was calculated (in megapascals) with the follow-
ing equation, where F1 is the load (in Newtons) at a point 
in the straight line portion (with maximum slope) of the 
load/deformation curve, d is deformation (in millimeters) 
at F1, and l, b, and h are as defined above:

E = F1l
3/ 4bh3d

The fractured surfaces of the specimens were evalu-
ated based on fractography principles. Hence, a visual 
inspection was performed initially and followed by ste-
reomicroscopy (Stemi 2000-C, Zeiss) and scanning elec-
tron microscopy (SEM; Vega3, Tescan) for representative 
specimens.

Water Sorption and Solubility
Disk-shaped specimens (n = 5) were used for Wsp and 
Wsl tests.24 The specimens were placed in the rack inside 
the desiccator containing dried silica gel. The desiccator 
was placed in an oven at 37°C for 23 hours and then 
removed. The rack containing the specimens was trans-
ferred to a second desiccator with freshly dried silica gel 
that was kept at 23°C for 60 minutes before weighing the 
specimens with an analytical balance to an accuracy of 
0.2 mg (Bioprecisa, TDS). The desiccator was kept sealed 
except for handling the specimens and changing the dry 
silica gel. After weighing the specimens, the silica gel in 
the desiccator was replaced with freshly dried gel, and 
the rack with the specimens was placed in the desicca-
tor and then returned to the oven. This procedure was 
repeated until the specimens presented a constant mass, 
m1 (conditioned mass); ie, until the loss in mass of each 
specimen was not more than 0.2 mg between successive 
weighings. At this point, the specimens were considered 
dry. The volume, V (V = πr2h), of each specimen was cal-
culated using the mean of three diameter measurements 
and the mean of five thickness measurements.

The conditioned specimens were immersed in water25 
at 37°C for 7 days. They were then removed from the 
water, placed on a paper towel until they were free from 
visible moisture, waved in the air for 15 seconds, and 
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weighed 60 seconds after removal (to an accuracy of  
0.2 mg). This mass was then recorded as m2.

The specimens were reconditioned to constant mass 
in the desiccator as described previously to obtain m1, 
and the mass of the “reconditioned” specimens was 
recorded as m3. The same conditions as in the first dry-
ing process for m1 were applied.

The Wsp value for each specimen was expressed in 
micrograms per cubic millimeter (µg/mm3) using the 
following equation, where m2 is the mass of the speci-
men (in micrograms) after water immersion, m3 is the 
reconditioned mass of the specimen (in micrograms), and 
V is the volume of the specimen (in millimeters cubed):

Wsp = m2 – m3 / V

The soluble matter per unit volume (ie, Wsl) leached 
out during immersion, expressed in micrograms per cubic 
millimeter, was calculated for each specimen from the 
following equation, where m1 is the conditioned mass 
of the specimen (in micrograms), and m3 and V are as 
described above:

Wsl = m1 – m3 / V

The values calculated for Wsl were rounded off to the 
nearest of 0.1 µg/mm3.

Biocompatibility
Primary gingival fibroblasts were used to assess the im-
pact of the evaluated polymers on cell viability. Cells were 
obtained from a healthy patient after signing informed 
consent, as approved by the local Research Ethics Com-
mittee, and registered in the National Research Ethics 

System (CAAE: 41445320.4.0000.5347). The explants 
were cultured in Dulbecco Modified Eagle Medium 
(DMEM) supplemented with 10% fetal bovine serum 
(FBS) and 1% penicillin, at 37°C and 5% CO2. Cell viability 
assays were conducted in 96-well plates. The cells were 
seeded at a concentration of 5 × 103 and allowed to at-
tach for 24 hours. As an indirect method was used, the 
extracts were obtained from the immersion of samples  
(4-mm diameter × 1 mm thick) in 1 mL of DMEM for 24 
hours at 37°C. Cells were kept in contact with extracts 
for 72 hours, and the viable proteins were then stained 
with 0.4% sulforhodamine B (SRB; n = 5) after fixation 
with 50% trichloroacetic acid. The stained cells were 
suspended with 10% Trizma buffer (Sigma), and absor-
bance was detected at 560 nm in a microplate spectro-
photometer (Multiskan GO, Thermo Fisher Scientific). The 
metabolic activity of treated cells was evaluated with an 
MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide) assay (n = 5). A 0.05-mg/mL MTT solution was 
added to the wells after 69 hours of treatment. Cells were 
allowed to metabolize the MTT solution for 3 hours before 
the purple formazan crystals were detected at 590-nm 
absorbance. Cells grown in DMEM for the same amount 
of time with no contact with the polymers were analyzed 
in both assays to normalize the data for the percentage 
of viable cells.

Statistical Analysis
Data from the evaluated material properties were statisti-
cally analyzed using Student t test (α = 005). The σf and 
E values were also subjected to Weibull analysis.

RESULTS

Table 1 presents σf and E values for the materials evalu-
ated at baseline (48 hours) and after 6 months of wa-
ter storage. All comparisons were statistically different  
(P = .0000), except for the mean σf values for the AM 
polymer comparing baseline and 6 months in water  
(P = .12), indicating that the strength did not change 
based on the storage condition.

Table 2 presents the Weibull modulus (m) and char-
acteristic strength (s0) estimations from σf data. The s0 

Table 1   Flexural Strength and Elastic Modulus of AR and AM Polymers According to Water Storage Time

Material
Property 

(MPa) n

Time of assessment

48 h 6 mo

AR
σf 30 78.1 ± 5.5 (76.1–80.2)A,a 52.8 ± 3.5 (51.4–54.1)B,a

E 30 1,707 ± 190 (1636–1778)A,a 1,172 ± 99 (1134–1211)B,a

AM polymer
σf 30 34.4 ± 7.5 (31.6–37.2)A,b 31.9 ± 8.8 (28.6–35.2)A,b

E 30 811 ± 128 (759–862)A,b 539 ± 115 (496–582)B,b

Data are reported as mean ± SD (95% CI). Different uppercase letters indicate statistical differences in the same row (P ≤ 0.05). Different lowercase letters 
indicate statistical differences in the same column for the same material property (P ≤ .05).

Table 2   Weibull Modulus (m) and Characteristic 
Strength Values

Material m, MPa s0, MPa

AR (at baseline) 17.5 (12.4, 22.3) 80.5 (78.7, 82.5)

AR (after 6 mo) 18.0 (12.3, 22.0) 54.3 (53.0, 55.7)

AM (at baseline) 5.5 (3.6, 6.5) 37.2 (34.1, 40.8)

AM (after 6 mo) 4.2 (3.0, 5.4) 35.0 (31.9, 38.7)

Data are presented as mean (95% CIs). 
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values for AR decreased significantly after 6 months 
of water storage, which was not the case for the AM 
polymer, which was not affected by the 6-month water 
storage. The material m values did not change after  
6 months of water storage, maintaining their structural 
reliability. Yet, the m and s0 values for AR were signifi-
cantly higher than the values for the AM polymer.
The qualitative evaluation of the fracture surface 
(fractography), initially performed under stereomi-
croscopy and later using SEM, showed characteristics 
(fracture origin, mirror region, direction of fracture 
propagation, and compression curve) of brittle behavior  
(Figs 2 to 5).

Regarding Wsp and Wsl (Table 3), AR presented  
Wsp = 24.9 µg/mm3, which was higher than the AM 
polymer (Wsp = 15.2 µg/mm3) (P = .0000). No solubil-
ity was found for AR, while the AM polymer showed a 
Wsl of 2.3 µg/mm3 (P = .0000), which is slightly above 
the standard value.

Biocompatibility was evaluated using SRB and MTT 
assays (Fig 6). The SRB assay showed a lower percentage 
of viable cells for AR (69.93% ± 10.55%; 95% CI: 60.68 
to 79.17) than for AM (86.27% ± 7.80%; 95% CI: 79.43 
to 93.10) (P = 0.023). This finding was confirmed by the 
MTT assay, which showed higher cell viability for AM 

(100% ± 12.37%; 95% CI: 88.84 to 111.15) than for AR 
(80.73% ± 8.25%; 95% CI: 73.49 to 87.96) (P = .010).

DISCUSSION

This study aimed to evaluate the maximum σf, E, Wsp, 
Wsl, and biocompatibility of polymer materials used 
for complete denture base manufacturing via 3D print-
ing and the conventional method (heat-curing AR). The 
results showed significant differences between the AM 
polymer and AR, with the AM polymer showing inad-
equate σf and Wsl values, rejecting the study hypothesis.

The σf and E tests were performed based on the ISO 
standard24 and previous studies18,26 for the AM polymer, 
which is not yet covered by international standards. 
There are several relevant parameters that should be 
considered in AM, such as printing orientation, which 
is still a controversial issue.26–28 Thus, the present study 
followed previous studies,26,28 and the specimens used 
for σf and E were printed at 0 degrees relative to the 
printing platform, while the compressive load was ap-
plied perpendicularly (90 degrees) to the deposition of 
layers in constructing the specimens.

The influence of printing parameters on σf and struc-
tural accuracy of AM objects has been evaluated.26–28 

Fig 2  (a and b) Stereomicroscopy and (c and d) SEM images of an AM specimen tested at baseline. (a) Entire fractured surface (×10 magnifi-
cation). (b) Fracture origin (semicircle), hackle region and direction of crack propagation (*), and compression curve (CC) at x32 magnification. 
(c) Fracture origin (semicircle), mirror (m) and hackle (*) region, and CC at ×160 magnification. (d) Fracture origin and mirror (m) and hackle (*) 
regions at ×340 magnification. The black arrows show the direction of crack propagation. Printing layers (horizontal lines) can be observed, 
inducing the propagation direction of some hackles initiating from the fracture origin.
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Fig 3  (a and b) Stereomicroscopy and (c and d) SEM images of 
an AM specimen tested after 6 months of water storage. (a) Entire 
fractured surface (×10 magnification). (b) Fracture origin (semicircle), 
hackle region and direction of crack propagation (*), and CC at ×32 
magnification. (c) Fracture origin (semicircle), mirror (m) and hackle 
(*) regions, and CC at ×160 magnification. (d) Fracture origin, direc-
tion of crack propagation (black arrows), and mirror (m) and hackle 
regions at ×340 magnification. 

Fig 4  Stereomicroscopic images of an AR specimen at baseline.  
(a) Entire fractured surface (×10 magnification). (b) Fracture origin 
(semicircle), hackle region and direction of crack propagation (*), and 
CC at ×32 magnification.

Fig 5  Stereomicroscopic images of an AR specimen after 6 months 
of water storage. (a) Entire fractured surface (×10 magnification).  
(b) Fracture origin (within the semicircle) at ×32 magnification.
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A study reported that samples print-
ed at 90 degrees (layers parallel to 
the axial load) showed superior σf 
and E, while a 45-degree orienta-
tion relative to the printing platform 
presented the best accuracy.27 Other 
studies26,28 presented divergent re-
sults, with specimens constructed at 
0 degrees (load applied perpendicu-
larly to the construction of the layers) 
exhibiting superior mechanical prop-
erties compared to those printed at 
90 degrees,26,28 mostly because the 
adhesion between layers is lower 
than the intrinsic strength of each 
layer. This anisotropy is closely as-
sociated with the adhesion strength 
between the printed layers, which 
can thus change the effect of the 
printing orientation. Moreover, the 
adhesive strength can be affected 
by the type of polymer, the size of 
the adhesion area, and the polym-
erization rate, which can also affect 
the σf of the entire structure.26 This 
rationale explains the reason for 
printing the specimens used for σf 
and E at 0 degrees and for applying 
the load perpendicularly to the layer 
impression, which is similar to the 
application of biting forces.

The positioning of the structure 
on the printing platform can also af-
fect its geometry. Objects placed on 
the edges of the printing platform 
might be particularly prone to inac-
curacies.27 Therefore, in this study, 
the specimens were printed in the 
center of the printing platform.

According to the ISO standard,24 
the σf for denture base materials 
should be at least 65 MPa, which 
was fully achieved by the AR (78.1 ±  
5.5 MPa) but was not reached by 
the AM (34.4 ± 7.5 MPa) material. 
However, the literature shows sig-
nificant variability for the mean σf  
value, 23,26–28 which is significant de-
pending on the printing parameters 
and postcuring time.23 In addition, no 
previous study has tested specimens 
simulating the oral environment; that 
is, in distilled water at 37°C.

The σf and E of two heat-curing 
ARs used for denture bases, Rodex 

(S.P.D.) and Lucitone 199 (Dentsply), were evaluated after storage in 37°C 
artificial saliva for 2 weeks,18 showing the following results: σf = 70 MPa 
and E = 1,600 MPa for Rodex; σf = 82 MPa and E = 1,230 MPa for Luci-
tone 199. These results are similar to the AR results of the present study 
(σf = 78 MPa and E = 1,700 MPa). However, another study16 evaluated a 
conventional acrylic resin (Lucitone 199) under dry conditions and reported 
mean σf values of 116 MPa and E values of 2,918 MPa, which are higher 
than the values from the present study, most likely due to laboratory testing 
conditions (dry vs wet conditions). The influence of humidity on the σf of 
heat-curing ARs has been reported.29,30 AR specimens stored in artificial 
saliva were evaluated after 2, 60, 90, and 120 days and showed a significant 
reduction in strength (86 to 76 MPa) with storage time (2 to 120 days).30 
Similarly, AR specimens stored in artificial saliva or in water were evaluated 
for σf after 15, 30, 60, and 120 days. A significant reduction in strength 
(98 to 86 MPa) with increased storage time was reported regardless of the 
medium (water or artificial saliva).29 These results were corroborated by 
another recent study.23 Such data support the findings of the present study, 
in which the AR showed a higher mean σf value (78 MPa) at baseline than 
after 6 months of water storage (53 MPa). These studies show the influence 
of a humid environment on the σf of acrylic resins, which is also a frequent 
finding for dental polymers.29,30

Few studies have compared the σf of denture base resin structures manu-
factured by different techniques (conventional vs AM). Conventionally manu-
factured AR specimens showed mean σf values from 62 to 110 MPa,22 in 

Fig 6  Mean and SD values of cell viability obtained using SRB and MTT assays. Different 
capital letters indicate a statistically significant difference between materials according to 
Student t test. 

Table 3   Water Sorption (Wsp) and Water Solubility (Wsl) for  
Each Material

Property n

Material

AR 3D

Wsp (µg/mm3) 5 24.91 ± 0.55 (24.2–25.6)A 15.16 ± 0.57 (14.4–15.8)B

Wsl (µg/mm3) 5 0.00 ± 0.00A 2.33 ± 0.48 (1.7–2.9)B

Data are reported as mean ± SD (95% CI).  
Different uppercase letters indicate statistical differences in the same line (P ≤ .05).
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agreement with the present results, while the AM poly-
mer (NextDent Base) showed mean σf values from 60 
to 84 MPa,22 which are higher than the values obtained 
in the present study (σf = 34 MPa). This difference can 
be explained by the different testing conditions (dry vs 
wet). Furthermore, it has been reported that the longer 
the postcuring time of the AM structure, the higher 
the σf.

23 The mean σf values of an AM resin (Denture 
Base, Dentca) ranged from 50 to 127 MPa for 5 and 20 
minutes of postcuring, respectively. Similar variation was 
observed for the E values.23

It is worth noting that the present study simulated oral 
conditions to evaluate mechanical properties (σf and E), 
and no study was found in the literature reporting the 
influence of water storage at 37°C for 6 months with 
subsequent testing of these properties in 37°C water. 
These experimental conditions can approximate the labo-
ratory data to the expected clinical results.

Visual and low-magnification microscopy (optical 
microscopy and stereomicroscopy) often reveal basic 
characteristics of fractured surfaces.31 Yet, some materi-
als and structures require higher magnifications (SEM) 
to define and measure relevant fractographic features, 
such as the fracture origin. Nevertheless, quantitative 
fracture strength data should be supported by a detailed 
investigation of the fractured surface using fractographic 
principles.32 Such rationale was applied in the present 
study; the fractured surfaces were examined using ste-
reomicroscopy and SEM (see Figs 2 to 5). Fractography 
showed that the mirror region (m) was usually smaller for 
specimens tested at baseline, indicating higher fracture 
stress and, consequently, higher mean σf and E values 
than the specimens aged for 6 months in water (see 
Table 1). Water aging is deleterious for most materials, 
including polymers,29,30 and impairs the mechanical 
properties (σf and E). Hence, aged structures accumulate 
less energy up to the catastrophic fracture. These obser-
vations are consistent with the quantitative (flexure test) 
and qualitative (fractography) analyses of the structures 
in the present study. Further, no study has yet evaluated 
the fractured surface of denture base structures based on 
fractographic principles, although two studies evaluated 
the impact resistance using the Charpy method, followed 
by a morphologic evaluation of denture base AR. As a 
consequence of the impact test, these studies had dif-
ficulties showing the fractured surface characteristics 
usually observed in bending tests.33,34 Another study 
used SEM and profilometry to assess the topography 
of the fractured surface.23

The solubility of ARs represents the amount of water-
soluble ingredients (eg, monomers that do not partici-
pate in the reaction, such as plasticizers and initiators) 
that migrate to water during the immersion time of the 
experiment. As residual monomers may get into oral 
fluids and irritate the oral mucosa,20 these materials 

must have low or no solubility. According to the ISO 
standard,24 the maximum Wsl value for heat-curing (Type 
1) and light-activated polymers (Type 4, by analogy to 
AM polymers) for complete denture bases is 1.6 µg/mm3,  
and the maximum Wsp value for these materials is  
32 µg/mm3. In the present study (see Table 2), AR showed 
a higher Wsp (24.9 µg/mm3) than the AM polymer  
(15.2 µg/mm3), but both values are below the maximum 
Wsp.24 AR showed no solubility, and the AM polymer 
showed a Wsl of 2.3 µg/mm3. Yet, previous studies on 
commercially available ARs showed values of Wsp =  
20.3 µg/mm3 and Wsl = 3.02 μg/mm3 for Lucitone 19919 
and Wsp = 38.3 μg/mm3 and Wsl = 0.18 μg/mm3 for 
Lucitone 550.20 Only one study23 evaluated the Wsp 
and Wsl of AM denture base resins, with Wsp ranging 
between 23 and 26 μg/mm3 and Wsl ranging from 2 
to 6 μg/mm3, which are slightly greater than the values 
found in the present study.

There are different methods to assess the biocom-
patibility or the cytotoxicity of biomaterials. MTT is of-
ten used to investigate cell metabolism in vitro.35–39 
Additionally, the impact on cell structure is often as-
sessed by SRB analysis.39,40 Despite the solubility ob-
served for the AM material, its cell viability was higher 
than AR in both MTT and SRB analyses. While a reduc-
tion in cell structure was observed in both groups, the 
maintenance of cell metabolism was found for the AM 
material in MTT. Further, a study23 reported that lon-
ger postcuring time increased the cell viability of the  
AM resin. 

Although SLA and digital light processing (DLP) are 
the most popular AM technologies in dentistry,21 it is 
worth noting that they have differences. SLA is done 
in incremental curing that traces the object, while in 
DLP and LCD technology, the curing process happens 
in a full surface cure. Using one AM technology (SLA) 
and one printing resin can be considered limitations 
of the present study. Future studies should investigate 
different AM technologies and printing resins, and the 
influence of additional parameters, such as postcur-
ing, on the long-term behavior of AM denture base  
materials.

CONCLUSIONS

Significant differences were found for the evaluated 
material properties of the polymers used for denture 
base fabrication. The σf, E, and Wsp were higher for the 
AR than for the AM polymer, and the Wsl was higher 
for the AM polymer than for the AR, rejecting the study 
hypothesis. Water storage for 6 months had a negative 
influence on σf and E for AR. It can be concluded that 
the AM polymer is biocompatible but requires further 
development to improve other material properties, such 
as σf and Wsl.
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