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Disk‑shaped specimens were prepared from additively (NX and DT), subtractively (MZ), and 
conventionally manufactured denture base resins (CV). Surface roughness and color coordinates were 
measured after polishing, simulated brushing, and coffee thermocycling, while surface roughness was 
also measured before polishing. Polishing reduced the surface roughness of all materials. Brushing and 
coffee thermocycling increased the surface roughness of only DT. CV had the highest susceptibility to 
consecutive brushing and coffee thermocycling as it had the highest surface roughness, which was above 
the clinically acceptable threshold. All materials had similar stainability; only MZ had perceptible color 
change after brushing. Even though stainability of tested denture base resins was similar, additively or 
subtractively manufactured computer‑aided design and computer‑aided manufacturing (CAD‑CAM) 
resins had smoother surfaces after brushing and coffee thermocycling, regardless of the material. 
Therefore, complete dentures made out of these CAD‑CAM resins may have favorable surface properties 
in the long term.

Introduction
A denture base resin should have optimal flexural strength to 
prevent fracture and polishability against roughness-related 
complications such as bacterial adhesion and color instabil-
ity. Polymethylmethacrylate (PMMA) has been commonly 
processed by using flask-pack-press manufacturing for the 
fabrication of removable dentures [1, 2]. Even though conven-
tional PMMA has flexural strength and polishability that can 
be considered adequate, the fact that it is prone to polymeri-
zation-related issues may jeopardize its mechanical properties 
and lead to bacterial adhesion, discoloration and even cracks 
and fractures. Parallel with the advancements in computer-
aided design and computer-aided manufacturing technologies, 

indicated deficiencies of conventional PMMA are attempted to 
be minimized utilizing subtractive manufacturing and prepo-
lymerized pucks for the fabrication of complete dentures [3]. 
However, despite its advantages, subtractive manufacturing 
results in excessive waste. More recent additive manufacturing 
of denture base resins decreased the amount of waste; however, 
polymerization-related issues may still remain with these types 
of resins leading to surface-related issues, including roughness 
and subsequent excessive biofilm formation [4, 5].

Denture cleaning is essential for the longevity of a complete 
denture [6], regardless of the manufacturing technique being 
additive, subtractive, or conventional [7], and brushing is a 
straightforward and affordable cleaning method [8]. However, 
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previous studies have shown the significant effects of brushing 
on the surface roughness of denture base material [6, 9–13], 
which is a known cause of plaque accumulation and biofilm 
formation [14, 15]. Clinically acceptable threshold for surface 
roughness that would lead to bacterial accumulation has been 
reported as 0.2 µm in previous in vivo [16] and in vitro studies 
[3, 5, 6, 9–11, 13, 14].

Another critical factor affecting the clinical success of a com-
plete denture is the stainability of the denture base material [17, 
18]. Color change may impair the esthetics of a complete den-
ture, which may eventually lead to replacement [19, 20]. Thus, 
denture base materials should be resistant to exposure to hot 
and cold beverages not just for stainability but also for the fact 
that thermal stresses will lead to surface degradation [21]. Even 
though there are studies on the surface roughness and stainability 
of additively manufactured denture base resins [2, 7, 22–25], the 
number of studies investigating the effect of brushing on surface 
roughness and stainability is limited [7, 13]. In addition, those 
studies [7, 13] did not involve a comparison between additively 
manufactured and subtractively manufactured denture base 
materials. Therefore, the present study aimed to evaluate the 
effect of manufacturing technique on the surface roughness and 
stainability of denture base materials after brushing and coffee 
thermocycling by comparing additive manufacturing, subtrac-
tive manufacturing, and conventional manufacturing. The null 
hypotheses were that (i) surface roughness of denture base resins 
would not be affected by the material type (2 additively manu-
factured, 1 subtractively manufactured, and 1 conventionally 
manufactured denture base resins) and the time interval (before 
polishing, after polishing, after brushing, and after coffee ther-
mocycling), and (ii) stainability of denture base resins would 
not be affected by material type (2 additively manufactured, 1 
subtractively manufactured, and 1 conventionally manufactured 
denture base resins) and time interval (when after polishing stage 
is compared with after brushing stage and when after polishing 
stage is compared with after coffee thermocycling stage).

Materials and methods
Specimen preparation

Table 1 lists information and abbreviations regarding the materials 
used in the present study, while Fig. 1 illustrates the experimental 
design. A total of 40 disk-shaped specimens (Ø 10 mm × 2 mm) 
were fabricated by using 4 different denture base resins (NextDent 
Denture 3D+, NextDent B.V. (NX); Denturetec, Saremco (DT); 
M-PM Disc, Merz Dental GmbH (MZ); Meliodent Heat Cure, 
Kulzer GmbH (CV)) (n = 10). The number of specimens in each 
group was determined based on the results of similar previous 
studies that reported significant differences [3, 7, 13].

A 10-mm-wide cylinder was designed in standard tessel-
lation language format by using a design software (Meshmixer 

v3.5.474; Autodesk Inc) for the fabrication of MZ specimens. 
This design file was used to mill prepolymerized PMMA disks 
with a milling unit (Milling unit M1; Zirkonzahn). Cylinder-
shaped specimens were further wet-sliced by using a precision 
cutter (Vari/cut VC-50; Leco Corporation) to obtain 2-mm-
thick specimens. Same software was used to design a disk-
shaped standard tessellation language file with the desired final 
dimensions to fabricate NX and DT specimens. This standard 
tessellation language file was transferred into nesting software 
(RayWare; SprintRay Inc for NX and Composer v1.3.3; Asiga 
for DT) and positioned with 45° angle to the build platform. 
After automatically generating supports, this configuration was 
duplicated 10 times and the specimens were printed by using 
digital light processing printers (MoonRay S100; SprintRay Inc 
for NX and MAX UV; Asiga for DT). All specimens were printed 
with a layer thickness of 50 µm. All 3D-printing processes were 
performed in a specifically designed room that had stabilized 
temperature (20 °C) and humidity (45%), which were controlled 
by building maintenance system. Patterns with the desired final 
dimensions were prepared from wax and processed according 
to the traditional flask-press-pack technique (heat polymeriza-
tion at 74 °C for 8 h) for the fabrication of CV specimens [2]. 
After deflasking, excess material was trimmed and all specimens 
were smoothened by using #600 silicon carbide abrasive papers 
under running water. A uniform final thickness (2 ± 0.03 mm) 
was ensured with digital calipers (Model number NB60; Mitu-
toyo American Corp) [5].

Initial surface roughness and color coordinate 
measurements

Surface roughness of the specimens was measured by using a 
non-contact optical profilometer (FRT MicroProf 100 equipped 
with an H0 sensor; Fries Research & Technology GmbH). Three 
horizontal and 3 vertical linear traces, which were 1 mm apart 
from each other, were recorded for each specimen and aver-
aged with a software (Mark III; Fries Research & Technology 
GmbH) [26]. The parameters of the profilometer were 5.5 mm of 
transverse length, 1000/mm of pixel density [26], 3 nm of z-axis 
resolution, and 0.8 mm of cut-off wavelength (Lc).

A slurry of pumice in water (Pumice fine; Benco Dental) 
was used for 90s (1500 rpm) [27] to polish the specimens, while 
a polishing paste (Fabulustre; Grobet USA) was applied for an 
additional 90s for fine polishing [14]. Prior to the measurements, 
specimens were cleaned in distilled water for 10 min by using 
an ultrasonic cleaner (Eltrosonic Ultracleaner 07-08; Eltrosonic 
GmbH) and then, dried with paper towels. Surface roughness of 
the specimens was then remeasured after controlling the thick-
ness of all specimens with the same calipers. Color coordinates 
(L*, which corresponds to lightness; a*, which corresponds to 
redness; b*, which corresponds to yellowness) defined by the 
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Commission internationale de l’éclairage (CIE) were measured 
by using a digital spectrophotometer (CM-26d; Konica Minolta) 
with an illumination aperture of 8 mm, which uses the CIE 
Standard (2-degree) human observer characteristics and CIE 
D65 illuminant in its color estimations [2]. Before each meas-
urement, the spectrophotometer was calibrated according to 
the manufacturer’s recommendation. Measurements were per-
formed over a gray background, and a saturated sucrose solution 
was used for optical contact. Three measurements were recorded 
for each specimen, and mean values of these 3 measurements 
were calculated as the definitive color coordinates of a specimen. 
Same clinician (M.S.P.) performed all color measurements in 
a temperature- and humidity-controlled room with day light.

Simulated brushing and coffee thermocycling

After surface roughness and color measurements, specimens 
were subjected to simulated brushing (Bürstmaschine lin-
ear LR1; Syndicad Engineering) by using FDA-certified tooth 
brushes [28] that had soft bristles [11]. Total brushing time of 
20,000 cycles (40,000 strokes, each cycle considered as a linear 
back and forth brushing action at a frequency of 1.5 Hz) was 
considered to replicate complete denture cleaning of approxi-
mately 4 years, as 10,000 strokes were reported to represent 
1 year of complete denture cleaning [6, 29, 30]. Six brush heads 
were mounted to 6 separate slots and each brush applied a ver-
tical load of 200 g directly onto the specimen surface. A soap 
slurry, which replicated the complete denture cleaning medium, 
was homogenously prepared (T25 digital Ultra Turrax; IKA) 
by mixing 1 part of alkali-free ground soap (Sibonet pH 6.5; 
Burnus GmbH) and 3 parts of distilled water by weight [31]. 
Soap slurries were prepared and poured into each chamber of 
the brushing machine until the surface of the specimens was 
covered. The toothbrushes and slurry were replaced with new 

ones every 10,000 cycles for each specimen [32], and the test 
was performed at room temperature (23 °C). After brushing, 
the specimens were removed from the brushing machine, rinsed 
with distilled water, and gently air-dried.

The specimens were then subjected to 10,000 thermocy-
cles (SD Mechatronik Thermocycler; SD Mechatronik GmbH) 
at 5–55 °C in a coffee solution with a dwell time of 30 s and 
a transfer time of 10 s [5, 33, 34]. The filtered coffee solution 
was prepared with a tablespoon of coffee (Intenso Roasted and 
Grounded; Kaffeehof GmbH) dissolved in 177 ml of water, 
which was freshly made in every 12 h [5, 33]. After coffee ther-
mocycling, coffee extracts were cleaned by gently brushing the 
specimens 10 times with a toothpaste (Colgate Total Pro Breath 
Health; Colgate-Palmolive) under running water [5, 33], which 
was followed by ultrasonic cleaning in distilled water for 10 min 
(Whaledent Biosonic; Whaledent Inc).

Surface roughness and color coordinates were remeasured 
after brushing and coffee thermocycling, and color differences 
between different time intervals were calculated by using the 
CIEDE2000 color difference formula [5, 37], in which the para-
metric factors (kL, kC, and kH) were set to 1 [5, 33, 35]:

Scanning electron microscopy (SEM) analysis

Figure 2 depicts one additional sample from all test groups 
at different time intervals (before polishing, after polishing, 
and after coffee thermocycling). Scanning electron micros-
copy (SEM) (LEO 440, Zeiss, Cambridge, UK) images of these 
additional samples were also taken at different time intervals 
(before polishing, after polishing, and after coffee thermocy-
cling) under × 50 magnification to analyze surface topography.

CIEDE2000 =
[(

�L
′/kLSL

)2
+

(

�C
′/kCSC

)2
+

(

�H
′/kHSH

)2

+RT

(

�C
′/kCSC

)(

�H
′/kHSH

)]1/2

TABLE 1:  Materials used in this study.

Material Type Composition Abbreviation Manufacturer

NextDent Denture 3D + 3D-printed resin Methacrylic oligomers, methacrylate 
monomer, inorganic filler, phosphine 

oxides, pigments

NX NextDent B.V., Soesterberg, The 
Netherlands

Denturetec 3D-printed resin BisEMA, Urethanmethacrylate, 
TEGDMA, pyrogenic silica, catalysts, 
inhibitors, pigments

DT Saremco Dental AG, Rebstein, 
Switzerland

M-PM Disc Prepolymerized PMMA disk Polymethylmethacrylate (PMMA) 
and cross-linked polymers based on 
methacrylic acid esters, colorants, 
residual peroxide as dibenzoyl 
peroxide, methylmethacrylate 
(MMA) may be contained as residual 
monomer up to max 1%

MZ Merz Dental GmbH, Lütjenburg, 
Germany

Meliodent
Heat Cure

Heat-polymerized acrylic resin Powder: PMMA, benzoyl peroxide
Liquid: MMA, ethylene glycol 
dimethacrylate

CV Kulzer GmbH, Hanau, Germany
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Statistical analysis

Shapiro–Wilk tests were performed to evaluate the distri-
bution of both surface roughness and color difference data. 
Repeated measures analysis of variance test was used to ana-
lyze each material’s before polishing, after polishing, after 
brushing, and after coffee thermocycling surface roughness 
values, while one-way analysis of variance test was used to 
compare the surface roughness values within each time inter-
val. Color difference values between after polishing and after 
brushing, and after polishing and after coffee thermocycling 
among the materials were evaluated by using one-way analy-
sis of variance tests. All analyses were performed by using a 
statistical analysis software (IBM SPSS Statistics, v23; IBM 

Corp) at a significance level of α = 0.05. Perceptibility and 
acceptability of color difference values were further evalu-
ated by the previously reported thresholds by Ren et al. (50% 
perceptibility threshold: 1.72 CIEDE2000 units, 50% accept-
ability threshold: 4.08 CIEDE2000 units) [19].

Results
Figure 3 illustrates surface roughness values of each group-time 
interval pair. Repeated measures analysis of variance results 
showed significant differences among time intervals within 
each material (P < 0.001). NX had the highest surface rough-
ness before polishing (P < 0.001), whereas differences among 
other time intervals were nonsignificant (P ≥ 0.072). DT had 
the highest surface roughness before polishing (P < 0.001) and 
the lowest surface roughness after polishing (P ≤ 0.001). In addi-
tion, surface roughness values after coffee thermocycling were 
higher than those after brushing (P = 0.002). MZ had the high-
est surface roughness before polishing (P ≤ 0.012). After polish-
ing and after brushing, surface roughness values of MZ were 
similar (P = 0.24) and lower than after coffee thermocycling 
(P ≤ 0.038). After polishing and after brushing, surface rough-
ness values of CV were similar (P = 0.16) and lower than that 
before polishing (P < 0.001). However, surface roughness values 
after coffee thermocycling were similar to those at other time 
intervals (P ≥ 0.11). One-way analysis of variance results showed 
significant differences among materials within each time interval 
(P ≤ 0.003), except for after brushing (P = 0.091). NX had the 
highest (P < 0.001) and MZ had the lowest (P ≤ 0.006) surface 
roughness before polishing. In addition, DT had higher sur-
face roughness than CV (P = 0.041). NX had the highest surface 
roughness after polishing (P ≤ 0.006), and the differences among 
other materials were nonsignificant (P ≥ 0.11). After coffee ther-
mocycling, CV had the highest surface roughness (P ≤ 0.003) 

Figure 1:  Overview of study (NX NextDent Denture 3D+, DT Denturetec, MZ M-PM Disc, CV Meliodent Heat Cure).

Figure 2:  Representative images of one sample from each test group at 
different time intervals (A: Before polishing; B: After polishing; C: After 
coffee thermocycling) (NX NextDent Denture 3D+, DT Denturetec, MZ 
M-PM Disc, CV Meliodent Heat Cure).
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and the differences among other materials were nonsignificant 
(P ≥ 0.76).

Regardless of the material tested, SEM images before polish-
ing had prominent irregularities with MZ having the smoothest 
surface. In addition, different topographies related to different 
manufacturing methods were also evident before polishing. 
However, after polishing, surfaces of all specimens were smooth-
ened significantly, while visible lines were present on the surface 
of NX and CV after all procedures were completed (Fig. 4).

No significant differences were observed among color differ-
ence values of materials between after polishing and after brush-
ing (df = 3, F = 1.075, P = 0.372), and after polishing and after cof-
fee thermocycling (df = 3, F = 0.951, P = 0.426) (Fig. 5). Figure 6 
illustrates the box-plot for color difference values’ trend between 
different time intervals among materials. Figure 7 shows the 
change in color coordinates of materials after each procedure.

Discussion
Significant differences in surface roughness were observed 
among time intervals within denture resins and among denture 
resins within each time interval. Therefore, the first null hypoth-
esis was rejected.

Even though none of the materials tested had a surface 
roughness value that was similar to or lower than the previously 
reported threshold value of 0.2 µm [3, 5, 6, 9–11, 13, 14, 16] 
before polishing, surface roughness of all materials decreased 
to an acceptable range after polishing (Table S1). SEM images 

(Fig. 4) support this finding as the surface of each material 
before polishing had a rough topography, which was signifi-
cantly smoother after polishing. It is also possible to observe 
the lamellar structure of additively manufactured specimens, 
particularly NX, and longitudinal lines present on MZ’s sur-
face caused by milling burs and precision cutter before polish-
ing. Brushing significantly increased the surface roughness of 
only DT as its mean surface roughness increased from 0.13 to 
0.14 µm, while NX (0.21 µm) and CV (0.22 µm) had slightly 
higher values than 0.2 µm after brushing. However, the authors 
believe that such small differences may be clinically negligible; 
thus, it can be speculated that tested materials are resistant to 
long-term brushing. In addition, each material had significantly 
lower surface roughness values after brushing when compared 
with before polishing, which is in line with a previous study [9]. 
CV and NX had higher mean surface roughness values than 
0.2 µm after coffee thermocycling (Table S1). SEM images of 
the surfaces after all procedures completed are also parallel 
with the raw surface roughness data as NX and CV had higher 
mean values than those of DT and MZ (Fig. 4). In addition, 
NX had higher surface roughness values than DT at all stages, 
with values before polishing being statistically significant. Even 
though additively manufactured resin specimens were fabri-
cated by using their respective proprietary 3D printers with 
digital light processing technology, compositions of the tested 
materials differ from each other, which may have caused this 
difference. DT consists of 25– < 50%wt ethoxylated bisphenol 
A dimethacrylate (Bis-EMA), 25– < 50%wt aliphatic urethane 

Figure 3:  Bar graph of mean and standard deviation surface roughness values of each material-time interval pair (NX NextDent Denture 3D+, DT 
Denturetec, MZ M-PM Disc, CV Meliodent Heat Cure).
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dimethacrylate (UDMA) and 1– < 5%wt triethylene glycol 
dimethacrylate [36], while Bis-EMA comprises more than 
75%wt of the NX resin mixture along with 10–20%wt meth-
acrylate monomers, 5–10%wt silicon dioxide, 1–5%wt phos-
phine oxide, and < 0.1%wt titanium dioxide [37]. UDMA was 
reported to have higher mechanical properties than Bis-EMA 
[38], which may also explain the difference between additively 
manufactured resins. However, this interpretation needs further 
support with studies based on other mechanical properties of 
tested additively manufactured resins. Nevertheless, consider-
ing that CV, which was the only conventionally manufactured 
denture base resin, had the highest surface roughness values 
after coffee thermocycling, it can be hypothesized that CV is the 

material most susceptible to surface changes after brushing and 
coffee thermocycling among tested denture base resins.

To the authors’ knowledge, only 1 study [13] has investi-
gated the effect of brushing on the surface roughness of addi-
tively manufactured denture base resins. Alfouzan et al. [13] 
compared the surface roughness of additively manufactured and 
conventionally manufactured denture base resins after consec-
utive thermocycling, brushing, and staining. Even though no 
significant difference was shown between materials, brushing 
and staining increased the surface roughness values after pol-
ishing [13]. However, in the present study, neither brushing nor 
coffee thermocycling affected the surface roughness of NX and 
CV. This contradiction between the present study and Alfouzan 

Figure 4:  Representative SEM images (× 50) of surfaces after different time intervals (A: Before polishing; B: After polishing; C: After coffee 
thermocycling) (NX NextDent Denture 3D+, DT Denturetec, MZ M-PM Disc, CV Meliodent Heat Cure).
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Figure 5:  Bar graph of mean and standard deviation color difference values of each material-time interval pair (NX NextDent Denture 3D+, DT 
Denturetec, MZ M-PM Disc, CV Meliodent Heat Cure).

Figure 6:  Box-plot graphs of the color difference (ΔE00) values of each material in between different time intervals (X-axis represents time intervals) (NX 
NextDent Denture 3D+, DT Denturetec, MZ M-PM Disc, CV Meliodent Heat Cure).
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et al.’s [13] study may be related to the difference in tested mate-
rials and test designs. Nevertheless, considering the limited 
number of studies on the behavior of the surface of additively 
manufactured denture base resins after brushing, future studies 
should investigate the effect of brushing on different mechani-
cal parameters.

Gad et al. [22] reported lower surface roughness values for 
additively manufactured resin compared with heat-polymer-
ized resin after polishing. However, in the present study, while 
there was no difference between DT and CV, NX had higher 
surface roughness values than those after polishing. In Gad 
et al.’s [22] study, a polishing procedure and a heat-polymer-
ized resin different than those in the present study were used, 
which may explain the contradicting results between these 
studies. In addition, differences in chemical composition of 
additively manufactured resins may have led to significantly 
different outcomes. Another study investigated the surface 
roughness of additively manufactured, subtractively manufac-
tured, and conventionally manufactured denture base resins 
before and after polishing [24]. Similar to the present study, Di 
Fiore et al. [24] concluded that the differences among materi-
als after polishing were nonsignificant. These results are also 
in line with other previous studies [5, 23, 25, 39]. In addition, 
both the present and Di Fiore et al.’s [24] studies showed that 
subtractively manufactured denture base resin had signifi-
cantly lower baseline surface roughness values than those of 
other materials. This may be associated with the fact that pre-
polymerized PMMAs are fabricated under high pressure and 

temperature that may have reduced their inherent defects due 
to increased degree of polymerization and reduced residual 
monomer content [3].

Neither material type nor time interval had a significant 
effect on color difference values. Thus, the second null hypoth-
esis was accepted. Among the materials tested in the present 
study, only MZ had a color difference value that was slightly 
higher than the clinically perceptible threshold (1.72 units) 
[19] after brushing (color difference: 1.77); tested materials had 
acceptable stainability (Table S2).

Alfouzan et al. [7] investigated the stainability of 2 additively 
manufactured denture base resins after consecutive thermocy-
cling, brushing, and coffee immersion, comparing with conven-
tionally manufactured resin. The authors [7] reported significant 
differences among the materials, conventionally manufactured 
resin having the lowest stainability. Thermocycling and subse-
quent coffee immersion of resins led to a greater color change 
with additively manufactured resins compared with those con-
ventionally or subtractively manufactured. Even though the 
results of the present study contradict those of Alfouzan et al.’s 
[7] and Gruber et al.’s [2] studies, a direct comparison might be 
misleading given the differences in tested materials, test design, 
and the color difference formulae used. In addition, Alp et al. 
[5] have shown that subtractively manufactured denture base 
resin had similar color change with conventionally manufac-
tured denture base resin after polishing and coffee thermocy-
cling similar to those in the present study. This finding was later 
substantiated by Al-Qarni et al.’s [17] study as 7 days of coffee 

Figure 7:  Change in color coordinates (L, a, and b) of each material after each treatment (X-axis represents time intervals) (NX NextDent Denture 3D+, 
DT Denturetec, MZ M-PM Disc, CV Meliodent Heat Cure).
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immersion had a similar effect on the stainability of subtrac-
tively manufactured and conventionally manufactured denture 
base resins.

Brushing slightly increased the L* values (lightness) of mate-
rials. However, coffee thermocycling decreased the L* values of 
all materials other than DT. NX and DT had the greatest change 
in a* values (redness), which decreased for NX and increased 
for DT throughout the procedures. MZ did not have a notable 
change in a* values. However, brushing increased, coffee ther-
mocycling decreased the a* values of CV. Both brushing and 
coffee thermocycling increased the b* values (yellowness) of DT 
and CV. Brushing did not significantly affect the b* values of NX 
and MZ. However, coffee thermocycling decreased the b* values 
of NX (Fig. 7).

One of the limitations of the present study is the lack of 
a priori power analysis to determine the sample size, which 
indicates the number of specimens per group. However, sig-
nificant differences were observed among test groups, and 
the number of specimens was based on previous studies [3, 
7, 13]. The in vitro design of the present study is a limitation, 
considering that in vivo factors, such as saliva, were not fully 
simulated. One type of toothbrush and a soap slurry were used 
for simulated brushing and different results may be obtained 
with different brush, soaps, and dentifrices. During coffee ther-
mocycling, both surfaces of the specimens were discolored. 
However, only polished surfaces of dentures are in contact with 
staining solutions clinically; thus, the results of the present 
study might have been amplified. In addition, only coffee was 
used as the staining solution, yet different staining solutions 
may lead to different results [7]. In addition, the present study 
investigated the specimens after brushing and coffee thermocy-
cling, which can be considered as a clinical routine. However, 
changing the order of these tests may affect the results. Finally, 
2 types of additively manufactured and 1 type of subtractively 
manufactured denture base resins were tested, which is a limi-
tation. Considering that the knowledge on the properties of 
additively manufactured denture base resins after brushing 
and coffee thermocycling is limited, the results of the present 
study should be corroborated with future studies investigating 
different mechanical properties such as flexural strength and 
microhardness using different dentifrices, tooth brushes, and 
staining solutions. In addition, given the fact that the mono-
mers in tested denture base materials might have hazardous 
effects, toxicity of these materials after brushing and coffee 
thermocycling, which may increase the leaching of these mon-
omers, should also be investigated.

Conclusions
Based on the findings of this in vitro study, the following conclu-
sions were drawn:

1. Polishing significantly reduced the surface roughness of 
materials tested, while brushing and coffee thermocycling 
had a significant effect only on the roughness of DT.

2. NX and CV had higher surface roughness than clinically 
acceptable threshold of 0.2 µm after all procedures were 
completed.

3. Stainability of tested denture base materials was mostly not 
affected by brushing and coffee thermocycling; only MZ 
had a perceptible color change after brushing.
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