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Abstract

Purpose: To evaluate the effect of polishing and denture cleansers on the surface rough-
ness (R,) of new-generation denture base materials that are additively, subtractively, and
conventionally fabricated, while also assessing their color change after cleansing.
Material and Methods: One hundred and fifty disk-shaped specimens (@10 X 2 mm)
were prepared from five denture base materials (one subtractively manufactured
nanographene-reinforced prepolymerized polymethylmethacrylate (PMMA) (SM-
GC), one subtractively manufactured prepolymerized PMMA (SM-PM), two additively
manufactured denture base resins (AM-DT and AM-ND), and one heat-polymerized
PMMA (CV) (n = 30). The R, of the specimens was measured before and after con-
ventional laboratory polishing, while color coordinates were measured after polishing.
Specimens were then divided into three subgroups based on the denture cleanser: dis-
tilled water, 1% sodium hypochlorite (NaOCl), and effervescent tablet (n = 10). The
R, and color coordinates were remeasured after nine cleansing cycles over a period of
20 days. The CIEDE2000 formula was used to calculate the color differences (AEy).
Two-way analysis of variance (ANOVA) was used to analyze the R, values before (n =
30) and after (n = 10) cleansing, while repeated measures ANOVA was used to analyze
the R, of material-time point pairs within each denture cleanser (n = 10). AE, data
after denture cleansing was also analyzed by using two-way ANOVA (n = 10) (o =
0.05).

Results: Before polishing, R, varied significantly among the materials. SM-GC and
SM-PM had the lowest and AM-ND the highest R, values (P < 0.001). Polishing sig-
nificantly reduced R, of all materials (P < 0.001), and after polishing, R, differences
among materials were nonsignificant (P > 0.072). Regardless of the denture cleanser,
the R, of AM-DT, AM-ND, and CV was the highest before polishing when different
time points were considered (P < 0.001). After cleansing, AM-ND had the highest R,
of all the materials, regardless of the cleanser (P < 0.017). AM-DT had higher R, than
SM-PM when distilled water (P = 0.040) and higher R, than SM-GC, SM-PM, and CV
when NaOCl was used (P < 0.001). The type of cleanser significantly influenced the R,
of AM-DT, AM-ND, and CV. For AM-DT, NaOCl led to the highest R, and the tablet
led to the lowest R, (P < 0.042), while for AM-ND, distilled water led to the lowest
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R, (P £ 0.024). For CV, the tablet led to lower R, than distilled water (P = 0.009).
Color change varied among the materials. When distilled water was used, SM-GC had
higher AE|y, than SM-PM and AM-DT (P < 0.034). When NaOCl was used, AM-ND
had higher AE, than SM-GC, SM-PM, and AM-DT, while CV and SM-GC had higher
AE(, than SM-PM and AM-DT (P < 0.039). Finally, when the tablet was used, AM-ND
and CV had the highest AEy,, while AM-DT had lower AE|,, than SM-GC (P < 0.015).
Conclusions: The tested materials had unacceptable surface roughness (>0.2 um)
before polishing. Roughness decreased significantly after polishing (<0.2 um). Denture
cleansers did not significantly affect the surface roughness of the materials, and rough-
ness remained clinically acceptable after cleansing (<0.2 um). Considering previously
reported color thresholds, AM-ND and CV had unacceptable color change regardless
of the denture cleanser, and the effervescent tablet led to perceptible, but acceptable
color change for SM-GC, SM-PM, and AM-DT.

KEYWORDS

Computer-aided design and computer-aided manufactur-
ing (CAD-CAM) denture base materials, which can be
processed additively or subtractively, have reduced the
costs and the number of appointments needed to produce
removable prostheses.! Subtractively manufactured poly-
methylmethacrylate (PMMA) denture bases exhibit favorable
mechanical properties as they involve a prepolymeriza-
tion process that involves high pressure and temperature.”
However, reinforcement of PMMA to improve its mechan-
ical properties has been reported* and a prepolymerized
nanographene-reinforced PMMA that can be subtractively
manufactured has recently been introduced.”® Graphene
is a crystalline form of carbon® in which atoms are
arranged in a honeycomb-shaped pattern.” Previous studies
on nanographene-reinforced PMMA have reported promis-
ing results considering its mechanical properties, optical
characteristics, and antibacterial adhesion effect.””!! Never-
theless, a primary disadvantage of prepolymerized PMMA
is that subtractive manufacturing generates a large amount
of waste material, regardless of the chemical structure of
the material.®'> In contrast, additive manufacturing generates
less material waste and enables the fabrication of complex
structures.' >4

Regardless of the denture base material, daily denture
cleansing is critical to prevent biofilm accumulation and
denture stomatitis.'> Using denture cleansers is a relatively
easy method to perform denture cleansing, particularly for
elderly patients with reduced cognitive abilities to perform
mechanical cleaning.'®'® Denture cleansers have antimicro-
bial properties and are available in various forms, such as
tablets, pastes, gels, or solutions.'® Alkaline peroxide tablets
and sodium hypochlorite (NaOCl) are among the commonly
used denture cleansers.” However, the potential detrimental
effects of denture cleansers on denture base materials, such
as increased surface irregularities, leading to denture base
bleaching, have been reported.'® Surface roughness (R,) val-
ues higher than 0.2 um might result in increased bacterial
plaque retention and faster discoloration.”!*?" Therefore, the

additive manufacturing, chemical disinfection, color change, denture base, surface roughness

effect denture cleansers have on the R, and stainability of
new-generation CAD-CAM denture base materials should be
thoroughly investigated.

Previous studies have examined the effect of den-
ture cleansers on the R, and color stability of heat-
polymerized,”! 2 subtractively manufactured PMMA,>?7-%"
and additively manufactured denture base resins.*’*! How-
ever, to the authors’ knowledge, no such studies have been
carried out on subtractively manufactured nanographene-
reinforced PMMA compared with other new-generation
denture base materials. Therefore, the present study aimed
to investigate the R, of different denture base materi-
als (one subtractively manufactured nanographene-reinforced
prepolymerized PMMA, one subtractively manufactured pre-
polymerized PMMA, two additively manufactured denture
base resins, and one heat-polymerized PMMA) after pol-
ishing and after use of different denture cleansers (distilled
water, 1% NaOClI, and denture cleanser effervescent tablet).
The effect of the cleansers on the color stability of the den-
ture base materials was also tested. The null hypotheses were
that (i) material type and polishing would not affect the R, of
the denture base materials before cleansing, (ii) material type
and denture cleanser would not affect the R, after cleansing
(iii) material-time point pair would not affect the R, for each
denture cleanser, and (iv) material type and denture cleanser
type would not affect the color change.

MATERIALS AND METHODS

Table | presents the denture base materials tested in the
present study. The number of specimens was based on previ-
ous studies on the R, and stainability of CAD-CAM denture
base materials.”'>3% A total of 150 disk-shaped specimens
(@10 mm X 2 mm) were produced from five denture base
resins (G-CAM Pink (SM-GC), M-PM Disc Pink (SM-PM),
Denturetec (AM-DT), NextDent Denture 3D+ (AM-ND),
and Promolux High Impact Rosa (CV) (n = 30). Specimens
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TABLE 1 Denture base materials tested.
Material Type Chemical composition Abbreviation Manufacturer
G-CAM Pink Subtractively Not disclosed SM-GC Graphenano Dental, Valencia,
manufactured Spain
nanographene-
reinforced
prepolymerized
PMMA
M-PM Disc Pink Subtractively PMMA, methyl 2-methylprop-2-enoate, methyl SM-PM Merz Dental GmbH,
manufactured 2-methylpropenoate, methyl methacrylate, dibenzoyl Liitjenburg, Germany
prepolymerized peroxide, benzoyl peroxide
PMMA
Denturetec Additively Ethoxylated bisphenol A dimethacrylate, aliphatic AM-DT Saremco Dental AG,
manufactured urethane dimethacrylate, Rebstein, Switzerland
denture base resin triethyleneglycoldimethacrylate
NextDent Denture  Additively Ethoxylated bisphenol A dimethacrylate, AM-ND NextDent B.V., Soesterberg,
3D+ manufactured 7,7,9-trimethyl-4,13-dioxo-3,14-dioxa-5,12- The Netherlands
denture base resin diazahexadecane-1,16-diyl bismethacrylate,
2-hydroxyethyl methacrylate, silicon dioxide,
diphenyl(2,4,6- trimethylbenzoyl)phosphine oxide,
titanium dioxide
Promolux High Heat-polymerized PMMA copolymer, dibenzoyl peroxide, organic (0\% Merz Dental GmbH,
Impact Pink PMMA colorants, inorganic pigments, methylmethacrylate, Liitjenburg, Germany

dimethacrylate

were fabricated and polished in line with a previous study
on the R, and color stability of CAD-CAM denture base
materials.>” Briefly, a 10 mm-wide cylinder was designed
(Meshmixer v3.5.474; Autodesk Inc.), subtractively manu-
factured (PrograMill PM7; Ivoclar Vivadent AG), and then
wet-sliced (Vari/cut VC-50; Leco Corp) into 2 mm-thick
specimens by using SM-PM and SM-GC. To fabricate AM-
DT and AM-ND specimens, a 2 mm-thick disk of 10 mm
diameter was designed and additively manufactured by using
proprietary digital light processing three-dimensional printers
(MAX UV; Asiga for AM-DT and MoonRay S100; Sprint-
Ray Inc for AM-ND). Specimens were printed with a 50 um
layer thickness and a 60° angle relative to the build plat-
form. Post-polymerization processes were carried out in line
with the respective manufacturer’s recommendations. CV
specimens were manufactured by flask-press-packing wax
patterns (£10 mm X 2 mm) at 74°C for 8 h. After fabrica-
tion, a non-contact optical profilometer (FRT MicroProf 100;
Fries Research & Technology GmbH) and its integrated soft-
ware (Mark III; Fries Research & Technology GmbH) were
used to measure the R, values before and after polishing.?>
Three horizontal and three vertical traces with a length of
5.5 mm, a point/line pixel density of 5501, a cut-off value
(Lc) of 0.8 mm (ISO Norm 4287), and a distance of 1 mm
between them were measured for each specimen before the
mean values were calculated. Silicon carbide papers (Struers
Labo-Pol 21 #280, #360, #1000, and #2400; Struers) were
then used to smooth one surface of each specimen, which
was then polished using a mixture of pumice and water
(Pumice fine; Benco Dental) for 90 s at 1500 rpm, and with
a polishing paste (Fabulustre; Grobet) for 90 s. Specimens

were ultrasonically cleaned in distilled water for 10 min at
40 kHz (Eltrosonic Ultracleaner 07—08; Eltrosonic GmbH)
and air-dried before the R, values were remeasured.

Each specimen’s color coordinates were measured three
times against a gray background by using a digital spec-
trophotometer (CM-26d; Konica Minolta), which had an
8-mm aperture and estimated coordinates with Commission
International de I’Eclairage Standard (2°) human observer
characteristics. The optical contact between the gray back-
ground and the specimen was ensured by using a saturated
sucrose solution. All measurements were performed by a
single operator (G.C) in a room with controlled humidity,
temperature, and natural light. The spectrophotometer was
calibrated before each measurement, and the average values
of three measurements were calculated.

After the initial color coordinate measurements, specimens
were randomly divided (Excel; Microsoft Corp) into three
groups according to denture cleanser used (distilled water
(control), 1% NaOCl, and denture cleanser effervescent tablet
containing alkaline peroxide (Corega Tablet; Block Drug
Company) (n = 10). Specimens paired with 1% NaOCI were
immersed in a 200-mL glass beaker containing a 1% NaOCl
solution for 10 min.”?” Specimens paired with an efferves-
cent tablet were immersed in 200 mL tap water (40°C), in
which a tablet had been dissolved for 15 min. Nine cleans-
ing cycles were performed over a span of 20 days to replicate
180 days of denture cleansing”?’ and specimens were stored
in distilled water at 37 + 2°C between cycles. Before each
cleansing cycle, specimens were rinsed under running tap
water for 60 s and immersed in a freshly prepared solution.”’
Specimens paired with distilled water were stored in beakers
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TABLE 2  Surface roughness (R,) of each material before cleansing
(um; mean =+ standard deviation) (n = 30).

Before After
Material polishing polishing
SM-GC 0.48 + 0.08B2 0.13 + 0.1048
SM-PM 0.43 + 0.0582 0.09 + 0.054%
AM-DT 3.06 + 1.51B° 0.09 + 0.094%
AM-ND 6.77 + 1.26% 0.14 + 0.04A8
cv 3.47 £ 0.798° 0.09 + 0.064%

Different superscript uppercase letters indicate significant differences in rows, while
different superscript lowercase letters indicate significant differences in columns
(P > 0.05).

containing distilled water (37 + 2°C) during the 20-day
period. After completing nine denture cleansing cycles, all
specimens were cleaned in an ultrasonic bath and air-dried.
Finally, the R, and color coordinate measurements were
repeated. The CIEDE2000 formula with parametric factors
(kL, kC, and kH) set to 132 was used to determine the color
difference (AE(,) of each material after denture cleansing.
All procedures were performed by a single operator (J.A.H).

A two-way analysis of variance (ANOVA) test was used
to evaluate the R, values before (n = 30) and after (n =
10) cleansing, with material type and polishing as the main
effects, and their interaction was included. Repeated mea-
sures ANOVA was used to evaluate the R, of material-time
point pairs within each denture cleanser. AE, values after
denture cleansing were evaluated by using two-way ANOVA
followed by post-hoc Tukey HSD tests with material and den-
ture cleanser as main effects, and the interaction was included
(n = 10). All analyses were performed by using statistical
analysis software (SPSS v27.0; IBM Corp) with a signifi-
cance level of a = 0.05. AEy, values were also analyzed
according to previously set perceptibility (1.72 units) and
acceptability (4.08 units) thresholds for denture base resins.>”

RESULTS

The main factors of material type and polishing as well as
their interaction significantly affected R, before cleansing
(P < 0.001). Thus, before polishing, SM-GC and SM-PM
had statistically similar R, (P > 0.05), which was signifi-
cantly lower than that of the other materials (P < 0.001).
AM-ND had the highest R, (P < 0.001), while the

difference between AM-DT and CV was nonsignificant (P
= 0.445). Polishing reduced the R, of each material sig-
nificantly (P < 0.001). After polishing, the R, differences
among tested materials were nonsignificant (P > 0.072)
(Table 2).

After cleansing, R, was significantly affected by the main
factors of material type and denture cleanser as well as
by their interaction (P < 0.010). AM-ND had the high-
est R, among materials, regardless of the denture cleanser
(P £0.017). Also, AM-DT had higher R, than SM-PM when
distilled water was used (P = 0.040) and higher than SM-
GC, SM-PM, and CV when NaOCI was used (P < 0.001).
The type of cleanser significantly influenced the R, of AM-
DT, AM-ND, and CV. For AM-DT, NaOCl led to the highest
R, and the tablet to the lowest R, (P < 0.042), while for AM-
ND, distilled water led to the lowest R, (P < 0.024). For CV,
the tablet led to lower R, than distilled water (P = 0.009)
(Table 3).

The time-point at which R, was measured significantly
influenced the R, of three of the five denture base mate-
rials. Thus, for AM-DT, AM-ND, and CV, R, was the
highest before polishing regardless of the denture cleanser
(P < 0.001), while the differences between after polishing
and after denture cleansing R, values were nonsignificant
(P >0.767) (Table 4).

AE, values were also significantly affected by the main
factors of material type and denture cleanser as well as
by their interaction (P < 0.009). When distilled water was
used, SM-GC had higher AE(, than SM-PM and AM-DT
(P £0.034), while every other pairwise comparison was non-
significant (P > 0.114). When NaOCl was used, AM-ND had
higher AE|y, than the other materials (P < 0.034), except for
CV (P = 0.187). SM-PM and AM-DT had similar AE, val-
ues (P = 0.246), which were lower than that of SM-GC and
CV (P £0.039). The difference between SM-GC and CV was
nonsignificant (P = 0.414). Finally, when a tablet was used,
AM-ND and CV had similar AE, values (P = 0.869) that
were higher than those of the other materials (P < 0.015),
while AM-DT had lower AE, than SM-GC (P = 0.001).
Type of cleanser affected the AE(y, of SM-GC and AM-DT
(P <£0.032), but not of the other three denture base materials
(P > 0.054 for SM-PM, P > 0.115 for AM-ND, and P > 0.164
for CV). For both SM-GC and AM-DT distilled water led to
the highest AE, (P < 0.038), while NaOCl and tablet led to
similar AEy, values (P > 0.533) (Table 5). Figure 1 shows
the trend of surface texture and color change for each denture
base material at each time point.

TABLE 3  Surface roughness (R,) of each material-surface cleanser pair after cleansing (um; mean =+ standard deviation) (n = 10).

Denture Material

cleanser SM-GC SM-PM AM-DT AM-ND CvV

Distilled water 0.10 + 0.04AB2 0.08 + 0.0342 0.12 + 0.068° 0.16 + 0.03 0.11 + 0.0748>
NaOCl 0.08 £ 0.014¢ 0.08 + 0.014 0.16 + 0.065¢ 0.21 + 0.04<° 0.08 + 0.0544
Tablet 0.09 + 0.0244 0.07 + 0.0242 0.07 £ 0.0142 0.20 + 0.048° 0.07 £ 0.0142

Different superscript uppercase letters indicate significant differences in rows, while different superscript lowercase letters indicate significant differences in columns (P > 0.05).
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TABLE 4  Surface roughness (R,) of each material according to
cleansing protocol and time point (um; mean + standard deviation) (n =
10).

Before After After Cleansing
Material polishing polishing cleansing protocol
SM-GC 0.45 +£0.07* 0.11 £0.06* 0.10 +0.04* Distilled water

0.50 + 0.05* 0.09 +0.04* 0.08 +0.01* NaOCl
0.49 +0.10° 0.18 +0.16* 0.09 +0.02* Tablet
SM-PM 0.44 +0.05° 0.13+0.06* 0.08 +0.03* Distilled water
0.43 +0.05* 0.07 +0.03* 0.08 +0.01* NaOCl
0.41 +0.06* 0.06 +0.01* 0.07 +0.02* Tablet
AM-DT 344 +1.94° 0.12+0.16* 0.12 +0.06* Distilled water
325+ 1.37° 0.08+0.022 0.16 +0.06 NaOCl
2.50 + 1.09° 0.06 +0.01* 0.07 +0.01* Tablet
AM-ND 6.66 +0.91° 0.12 +0.05* 0.16 + 0.03* Distilled water
6.64 +1.05> 0.12+0.03* 021 +0.04* NaOCl
7.02 +1.26° 0.17 +£0.03* 0.20 +0.04* Tablet
cv 347 +0.78" 0.11 +£0.08° 0.11 +0.07* Distilled water
3.40+0.72°> 0.08 +0.05* 0.08 +0.05* NaOCl
3.55+0.94° 0.08 +0.04* 0.07 +0.01* Tablet

Different superscript lowercase letters indicate significant differences in rows (P <
0.05).

DISCUSSION

Tested materials had significantly different R, before and
after polishing, as polishing significantly reduced the R, of
each material. Thus, the first null hypothesis was rejected.
While none of the materials had acceptable R, before pol-
ishing, SM-GC and SM-PM had significantly lower R,
than the other materials. This aligns with previous stud-
ies that found low R, values for prepolymerized PMMA
compared to additively manufactured denture base resins or
heat-polymerized PMMA.. 2203132 These outcomes could be
attributed to the fact that fabrication of SM-GC and SM-PM
involves standardized polymerization under high temperature
and pressure, which increases the degree of conversion and
reduces residual monomers.® Even though there were signif-
icant differences in R, among materials after polishing, they
all had clinically acceptable R,, which is also in line with
previous studies. -'>19:20-32

After denture cleansing, significant differences were
observed in R, among certain materials and denture cleansers,
which led to the rejection of the second null hypothesis. R, of

Your smile. Our specialty’

Before After
polishing polishing

Distilled

NaOCl Tablet
water

FIGURE 1 Representative images of specimens from each group
before polishing, after polishing, and after each denture cleanser.

SM-GC and SM-PM was not affected by denture cleansers,
which may indicate that the R, of subtractively manufactured
specimens is similarly affected by the denture cleansers used.
In addition, it should be noted that none of the material-
cleanser pairs had unacceptable R, after denture cleansing.
Therefore, it may be speculated that the tested materials are
resistant to the topographical changes caused by the denture
cleansers tested and may potentially have similar bacterial
plaque accumulation after cleansing. However, this hypoth-
esis needs further support. The authors are aware of only
one study, which also tested AM-ND, for the comparisons
between the R, of additively, subtractively, and conven-
tionally manufactured denture base materials after being
subjected to different denture cleansers.”! Alfouzan et al.’!
found that subtractively manufactured PMMA had the lowest
and AM-ND had the highest R, after denture cleansing irre-
spective of the denture cleanser; denture cleansers affected
the R, of subtractively and conventionally manufactured
PMMA, and none of the material-cleanser pairs had accept-
able R, after denture cleansing. Even though distilled water
and 1% NaOCI were also used by Alfouzan et al.,?! the spec-
imens were cleansed without polishing, which may explain
the differences between their findings and the current study.
The third null hypothesis was rejected as the R, of AM-
ND, AM-DT, and CV varied significantly across different
time points (before polishing, after polishing, and after
cleansing). Before polishing, the R, values were above the
clinically acceptable threshold of 0.2 um for all materials,
whereas after polishing and after cleansing, the R, values of

TABLE 5  AEj, values for each material-surface cleanser pair (mean =+ standard deviation) (n = 10).

Material
Denture
cleanser SM-GC SM-PM AM-DT AM-ND CvV
Distilled water 4.90 + 1.26Bb 4.04 + 1.6942 4.09 + 1.99Ab 4.32 + 0.68ABa 4.64 + 0.19ABa
NaOCl 4.11 + 0.4282 3.33 +0.15%2 2.89 + 0.2644 4.92 +0.36%2 4.42 +0.23BCa
Tablet 3.96 + 0.2582 3.31 + 0.20ABa 2.65 4 0.1744 4.89 + 0.34C» 495 + 12

Different superscript uppercase letters indicate significant differences in rows, while different superscript lowercase letters indicate significant differences in columns (P > 0.05).
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each material-cleanser pair were below 0.2 um, except for
AM-ND cleansed with NaOCl (R, = 0.21 um). However,
the difference between the mean R, value of AM-ND-NaOCl
after cleansing and the clinically acceptable threshold was
0.01 um, which can be considered clinically irrelevant. The
differences among time points were statistically nonsignifi-
cant for SM-GC and SM-PM, which may be associated with
the number of specimens in each material-surface cleanser
pair. Despite the lack of statistically significant differences in
R, at different time points for SM-GC and SM-PM, the reduc-
tions in R, obtained after polishing, and maintained after
cleansing, may be considered clinically significant given that
the reductions observed were 0.31 um or higher and thus, also
higher than the clinically acceptable threshold of 0.2 um.

AE, values were significantly affected by material type
and denture cleanser. Therefore, the fourth null hypothe-
sis was rejected. According to perceptibility (1.72 units)
and acceptability (4.08 units) thresholds set by Ren et al.*”
all material-denture cleanser pairs showed perceptible color
change (AEy, > 1.72) while several of these color changes
were also unacceptable (AEy, > 4.08). Looking at each
denture base material separately, SM-GC showed unaccept-
able color changes when distilled water or NaOCl was
used, while SM-PM showed acceptable color changes regard-
less of the denture cleanser. AM-DT showed unacceptable
color change only when distilled water was used. It should
be emphasized that the difference between the mean AE,
values of SM-GC-NaOCl and AM-DT-distilled water pairs
and the acceptability threshold®® was 0.03 and 0.01 units,
respectively, and that these differences may not be clinically
perceivable. Finally, AM-ND and CV showed unaccept-
able color change regardless of the denture cleanser. A
previous study on the color stability of an additively man-
ufactured denture base resin after immersion in different
denture cleansers for different durations concluded that the
tested resin had higher AE, values than heat-polymerized
PMMA, regardless of the denture cleanser used.’” In addi-
tion, the authors’” reported perceptible but acceptable color
changes for both materials when distilled water was used,
and for heat-polymerized PMMA when effervescent tablets
were used. Differences in materials tested and how these were
subjected to denture cleansers may have led to the contra-
dictory results between the present study and that of Coelho
et al.>’

Comparing the two subtractively manufactured denture
base materials, SM-GC had either significantly or nonsignif-
icantly higher AE; than SM-PM. As both specimens were
subtractively manufactured from prepolymerized PMMA
pucks, the addition of nanographene might have led to
PMMA'’s increased susceptibility to discoloration. However,
the manufacturer of SM-GC has not disclosed the material’s
exact chemical composition and other components of SM-
GC may have also led to higher AE, values. A previous
study on the stainability of tooth-colored SM-GC concluded
that it had similar, and imperceptible, AEy, values to those of
prepolymerized PMMA after coffee thermocycling.® There-
fore, it can be hypothesized that SM-GC’s resistance to

Your smile. Our specialty’

discoloration depends on the material’s inherent properties
and the external stress to which it is subjected. Looking
at the two additively manufactured denture base materials,
AM-ND was more prone to discoloration as it had either
significantly higher or nonsignificantly higher, and always
unacceptable, AEy, values than AM-DT. In addition, AM-
DT had AE(, values that were either similar to or lower
than those of subtractively manufactured materials. This dif-
ference between AM-DT and AM-ND may be attributed to
their chemical compositions, with AM-ND having a more
heterogeneous composition of methacrylates and oxides. Fur-
thermore, even though both materials contain ethoxylated
bisphenol A dimethacrylate (BisSEMA), AM-ND had a higher
ratio (75wt%) of BisEMA than AM-DT (25 < 50%wt)
did.'”> Another factor that may have contributed to AM-DT’s
higher color stability is the fact that it was polymerized for
a longer duration, which may have led to a higher degree
of conversion. The authors are aware of only one study that
investigated the color stability of AM-ND and AM-DT.*
Although Cakmak et al.*” studied the effect of simulated
brushing and thermocycling, they also found AM-DT to have
better color stability.

Even though the number of specimens in each group
was based on previous studies that reported significant
differences”!?3? and statistical differences were observed
among test groups in the present study, the absence of a priori
power analysis is a limitation of the present study. How-
ever, post hoc sensitivity power analyses were performed,
and the sample size was deemed adequate for 80% power
with a minimum effect size of 0.78 and o = 0.05. All spec-
imens were polished by a single operator for standardization
and conventional laboratory procedures were used. However,
polishing could be subjective, and different surface treat-
ments may affect both R, and AE|y, values. In addition, the in
vitro design of the present study could not simulate intraoral
factors, like saliva, which may have affected the parame-
ters tested. Another limitation of the present study was that
only the effect of chemical denture cleansing methods was
investigated, and mechanical or combined methods may have
had different effects. The results of the present study simu-
lated denture cleansing over a period of approximately six
months.>?” The use of other durations may also have affected
the parameters tested.’® Finally, even though surface rough-
ness and color stability affect the longevity of denture base
materials, mechanical properties such as flexural strength
and hardness should also be investigated to complement the
findings of the present study.

CONCLUSIONS

Polishing significantly reduced the roughness of all five
denture base materials. AM-DT, AM-ND, and CV had the
highest roughness before polishing, and regardless of the den-
ture cleanser, roughness decreased after polishing and did
not change after cleansing. Even though the roughness after
cleansing varied between materials and denture cleansers,
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roughness never exceeded the previously reported thresh-
old of 0.2 um for acceptable roughness. The materials had
perceptible color change after cleansing when reported, rec-
ognized thresholds were considered; while the color changes
of AM-ND and CV were deemed unacceptable, regard-
less of the denture cleanser. The effervescent tablet tested
may be recommended for the cleansing of SM-GC, SM-
PM, and AM-DT as it generally led to less color change
than other cleansers. Based on the parameters tested, both
of the subtractively manufactured materials and one of the
additively manufactured (AM-DT) denture base materials
may be expected to have comparable or even better clinical
longevity than the conventional denture base material when
tested cleansers are used.

ACKNOWLEDGMENTS
Open access funding provided by Universitat Bern.

ORCID

Giilce Cakmak DDS, PhD ‘2 https://orcid.org/0000-0003-
1751-9207

Mustafa Borga Donmez DDS, PhD ( https://orcid.org/0000-
0002-3094-7487

Deniz Yilmaz DDS, PhD ‘© https://orcid.org/0000-0003-
4570-9067

Abdulaziz Alhotan BSc, MPhil, PhD © https://orcid.org/0000-
0002-9036-0485

Burak Yilmaz DDS, PhD @ https://orcid.org/0000-0002-
7101-363X

REFERENCES

1. Srinivasan M, Kamnoedboon P, McKenna G, Angst L, Schimmel
M, Ozcan M, Miiller F. CAD-CAM removable complete dentures:
a systematic review and meta-analysis of trueness of fit, biocompat-
ibility, mechanical properties, surface characteristics, color stability,
time-cost analysis, clinical and patient-reported outcomes. J Dent.
2021;113:103777.

2. Cakmak G, Donmez MB, Akay C, de Paula MS, Schimmel M, Yilmaz
B. Effect of simulated brushing and disinfection on the surface rough-
ness and color stability of CAD-CAM denture base materials. ] Mech
Behav Biomed Mater. 2022;134:105390.

3. Arslan M, Murat S, Alp G, Zaimoglu A. Evaluation of flexural strength
and surface properties of prepolymerized CAD/CAM PMMA-based
polymers used for digital 3D complete dentures. Int J Comput Dent.
2018;21:31-40.

4. Gad MM, Fouda SM, Al-Harbi FA, Nipidnkangas R, Raustia A.
PMMA denture base material enhancement: a review of fiber, filler, and
nanofiller addition. Int J Nanomed. 2017;12:3801-12.

5. Azevedo L, Antonaya-Martin JL, Molinero-Mourelle P, del Rio-
Highsmith J. Improving PMMA resin using graphene oxide for a
definitive prosthodontic rehabilitation — a clinical report. J Clin Exp
Dent. 2019;11:¢670-74.

6. Cakmak G, Herren KV, Donmez MB, Kahveci C, Schimmel M, Yilmaz
B. Effect of coffee thermocycling on the surface roughness and stain-
ability of nanographene-reinforced polymethyl methacrylate used for
fixed definitive prostheses. J Prosthet Dent. 2023;129:507.e1-507.e6.

7. Agarwalla SV, Malhotra R, Rosa V. Translucency, hardness and
strength parameters of PMMA resin containing graphene-like mate-
rial for CAD/CAM restorations. J Mech Behav Biomed Mater.
2019;100:103388.

8. Cakmak G, Donmez MB, Akay C, Abou-Ayash S, Schimmel M,
Yilmaz B. Effect of thermal cycling on the flexural strength and

10.

12.

13.

15.

17.

20.

21.

22.

23.

24.

25.

26.

217.

Your smile. Our specialty”

hardness of new-generation denture base materials. J Prosthodont.
2023;32:81-86.

. Di Carlo S, De Angelis F, Brauner E, Pranno N, Tassi G, Senatore M,

Bossu M. Flexural strength and elastic modulus evaluation of structures
made by conventional PMMA and PMMA reinforced with graphene.
Eur Rev Med Pharmacol Sci. 2020;24:5201-8.

Herndndez J, Mora K, Boquete-Castro A, Kina S. The effect of thermo-
cycling on surface microhardness of PMMA doped with graphene: an
experimental in vitro study. J Clin Dent Res. 2020;17:152-61.

. Lee J-H, Jo J-K, Kim D-A, Patel KD, Kim HW, Lee HH. Nano-

graphene oxide incorporated into PMMA resin to prevent microbial
adhesion. Dent Mater. 2018;34:¢63—¢72.

Cakmak G, Donmez MB, De Paula MS, Akay C, Chavan A, Schimmel
M, Yilmaz B. Surface roughness and stainability of new-generation
denture base materials after brushing and coffee thermocycling. J Mater
Res. 2022:1-11.

Perea-Lowery L, Gibreel M, Vallittu PK, Lassila LV. 3D-printed vs.
heat-polymerizing and autopolymerizing denture base acrylic resins.
Materials (Basel). 2021;14:5781.

. Al-Qarni FD, Gad MM. Printing accuracy and flexural proper-

ties of different 3D-printed denture base resins. Materials (Basel).
2022;15:2410.

Porwal A, Khandelwal M, Punia V, Sharma V. Effect of denture
cleansers on color stability, surface roughness, and hardness of different
denture base resins. J Indian Prosthodont Soc. 2017;17:61-67.

. Kiesow A, Sarembe S, Pizzey RL, Axe AS, Bradshaw DJ. Material

compatibility and antimicrobial activity of consumer products com-
monly used to clean dentures. J Prosthet Dent. 2016;115:189-98.e8.
Arbeldeza MIA, Verganib CE, Barbuglic PA, Pavarinad AC, Sanitde
PV, Jorgef JH. Long-term effect of daily chemical disinfection
on surface topography and Candida albicans biofilm formation on
denture base and reline acrylic resins. Oral Health Prevent Dent.
2020;18:999-1010.

. Costa RTF, Pellizzer EP, Vasconcelos BCdE, Gomes JM, Lemos CA,

de Moraes SL. Surface roughness of acrylic resins used for denture
base after chemical disinfection: a systematic review and meta-analysis.
Gerodontology. 2021;38:242-51.

. Alp G, Johnston WM, Yilmaz B. Optical properties and surface

roughness of prepolymerized poly(methyl methacrylate) denture base
materials. J Prosthet Dent. 2019;121:347-52.

Al-Dwairi ZN, Tahboub KY, Baba NZ, Goodacre CJ, Ozcan M. A
comparison of the surface properties of CAD/CAM and conventional
polymethylmethacrylate (PMMA). J Prosthodont. 2019;28:452-57.
Arruda CNF, Sorgini DB, Oliveira VdC, Macedo AP, Lovato CH,
Paranhos HD. Effects of denture cleansers on heat-polymerized acrylic
resin: a five-year-simulated period of use. Braz Dent J. 2015;26:404-8.
Fernandes FH, Orsi IA, Villabona CA. Effects of the peracetic acid and
sodium hypochlorite on the colour stability and surface roughness of
the denture base acrylic resins polymerised by microwave and water
bath methods. Gerodontology. 2013;30:18-25.

Goiato MC, Dos Santos DM, Baptista GT, Moreno A, Andreotti AM,
Bannwart LC et al. Effect of thermal cycling and disinfection on colour
stability of denture base acrylic resin. Gerodontology. 2013;30:276-82.
Kurt A, Erkose-Genc G, Uzun M, Sar1 T, Isik-Ozkol G. The effect
of cleaning solutions on a denture base material: elimination of can-
dida albicans and alteration of physical properties. J Prosthodont.
2018;27:577-83.

Lira AF, Consani RL, Mesquita MF, Nébilo MA, Henriques GE.
Effect of toothbrushing, chemical disinfection and thermocycling pro-
cedures on the surface microroughness of denture base acrylic resins.
Gerodontology. 2012;29:e891-97.

Paranhos HAFO, Peracini A, Pisani MX, Oliveira VD, Souza RF,
Silva-Lovato CH, et al. Color stability, surface roughness and flexural
strength of an acrylic resin submitted to simulated overnight immersion
in denture cleansers. Braz Dent J. 2013;24:152-56.

Atalay S, Cakmak G, Fonseca M, Schimmel M, Yilmaz B. Effect of
different disinfection protocols on the surface properties of CAD-CAM
denture base materials. J Prosthet Dent. 2022.

85U011 SUOLIWIOD BAIER1D el |dde auy Aq pausenob ke SopIe VO ‘88N JO S3INJ Joj AReiqIT BUIIUO AB]IM UO (SUORIPUOD-PUB-SWLRY /0" AB] 1M AReIq1Bu1IUO//SANY) SUORIPUOD PUe SWB L 33 885 *[7202/T0/LT] uo Ariq8uluO AB]IM ‘UOTeWLIOJUL| 8P UOKIAIQ ‘BA8Le9 8P 8YSPAIN,| 8P enbeuiolqrg Aq §6.£T ol TTTT OT/10p/woo AB] 1mAriq1feul|uo//SdnY WO pepeoumod ‘0 ‘X6v8ZEST


https://orcid.org/0000-0003-1751-9207
https://orcid.org/0000-0003-1751-9207
https://orcid.org/0000-0003-1751-9207
https://orcid.org/0000-0002-3094-7487
https://orcid.org/0000-0002-3094-7487
https://orcid.org/0000-0002-3094-7487
https://orcid.org/0000-0003-4570-9067
https://orcid.org/0000-0003-4570-9067
https://orcid.org/0000-0003-4570-9067
https://orcid.org/0000-0002-9036-0485
https://orcid.org/0000-0002-9036-0485
https://orcid.org/0000-0002-9036-0485
https://orcid.org/0000-0002-7101-363X
https://orcid.org/0000-0002-7101-363X
https://orcid.org/0000-0002-7101-363X

L ACP

28.
29.
30.
31.

32.

AMERICAN COLLEGE OF

PROSTHODONTISTS

CAKMAK ET AL.

Your smile. Our specialty’

Alfouzan A, Alnouwaisar A, Alazzam N, Hanan AO, Labban N,
Alswaidan M, et al. Surface roughness analysis of prepolymer-
ized CAD/CAM dental acrylic resins following combined surface
treatments. Mater Sci-Poland. 2021;39:209-18.

Alfouzan AF, AlNouwaisar AN, AlAzzam NF, Al-Otaibi HN, Labban
N, Alswaidan MH, et al. Power brushing and chemical denture
cleansers induced color changes of pre-polymerized CAD/CAM
denture acrylic resins. Mater Res Express. 2021;8:085402.

Coelho SRG, da Silva MDD, Nunes T, Viotto HE, Marin DO, Pero AC.
Effect of immersion in disinfectants on the color stability of denture
base resins and artificial teeth obtained by 3D printing. J Prosthodont.
2023.

Alfouzan AF, Tuwaym M, Aldaghri EN, Alojaymi T, Alotiabi HM,
Taweel SM, et al. Efficacy of denture cleansers on microbial adherence
and surface topography of conventional and CAD/CAM-processed
denture base resins. Polymers (Basel). 2023;15:460.

Cakmak G, Molinero-Mourelle P, De Paula MS, Akay C, Cuellar AR,
Donmez MB, et al. Surface roughness and color stability of 3D-printed

33.

denture base materials after simulated brushing and thermocycling.
Materials (Basel). 2022;15:6441.

Ren J, Lin H, Huang Q, Zheng G. Determining color difference
thresholds in denture base acrylic resin. J Prosthet Dent. 2015;114:
702-8.

How to cite this article: Cakmak G, Hess JA,
Donmez MB, Yilmaz D, Alhotan A, Schimmel M,
et al. Effect of polishing and denture cleansers on the
surface roughness of new-generation denture base
materials and their color change after cleansing. J
Prosthodont. 2023;1-8.
https://doi.org/10.1111/jopr.13755

85U011 SUOLIWIOD BAIER1D el |dde auy Aq pausenob ke SopIe VO ‘88N JO S3INJ Joj AReiqIT BUIIUO AB]IM UO (SUORIPUOD-PUB-SWLRY /0" AB] 1M AReIq1Bu1IUO//SANY) SUORIPUOD PUe SWB L 33 885 *[7202/T0/LT] uo Ariq8uluO AB]IM ‘UOTeWLIOJUL| 8P UOKIAIQ ‘BA8Le9 8P 8YSPAIN,| 8P enbeuiolqrg Aq §6.£T ol TTTT OT/10p/woo AB] 1mAriq1feul|uo//SdnY WO pepeoumod ‘0 ‘X6v8ZEST


https://doi.org/10.1111/jopr.13755

	Effect of polishing and denture cleansers on the surface roughness of new-generation denture base materials and their color change after cleansing
	Abstract
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	CONCLUSIONS
	ACKNOWLEDGMENTS
	ORCID
	REFERENCES


