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Abstract

Purpose: To evaluate how different polishing techniques and coffee thermal
cycling affect the surface roughness and stainability of additively and subtractively
manufactured resins used for definitive prostheses.

Materials and Methods: Two additively manufactured composite resins (Crowntec,
CT and VarseoSmile Crown Plus, VS) and a subtractively manufactured resin nanoce-
ramic (Cerasmart, CS) were used to fabricate 90 rectangular-shaped specimens (14 X
12 X 1 mm) (n = 30). After baseline surface roughness (R,) measurements, speci-
mens were divided into three groups based on the polishing technique; conventional
polishing with a 2-stage polishing kit (CP) and surface sealant application (Optiglaze,
OG or Vita Akzent LC, VA) (n = 10). After polishing, specimens were subjected to
10,000 cycles of coffee thermal cycling. R, and color coordinate measurements were
performed after polishing and after coffee thermal cycling. Color difference (AEy)
was calculated. Scanning electron microscope images were taken at each time interval.
Kruskal-Wallis or 1-way analysis of variance (ANOVA) were used to evaluate R, of
materials within each polishing-time interval pair and different polishing techniques
within each material-time interval pair, while Friedman or repeated measures ANOVA
were used to evaluate R, at different time intervals within each material-polishing pair.
AE, was assessed with 2-way ANOVA (a = 0.05).

Results: Other than VA-after polishing (p = 0.055), tested materials had significantly
different R, within each polishing-time interval pair (p < 0.038). When R, differences
among different polishing techniques within each material-time interval pair were con-
sidered, CS had differences after coffee thermal cycling, CT had differences before
polishing and after coffee thermal cycling, and VS had differences within each time
interval (p < 0.038). When R, differences among different time intervals within each
material-polishing pair were considered, significant differences were observed among
all pairs (p < 0.016), except for CS-VA (p = 0.695) and VS-VA (p = 0.300). AE
values were affected by material and polishing technique interaction (p = 0.007).
Conclusions: R, of CS was similar to or lower than the R, of other materials, regard-
less of the time interval or polishing technique. CP mostly led to lower R, than other
polishing techniques, whereas VA resulted in a high R, regardless of the material-time
interval pair. Polishing reduced the R,, while coffee thermal cycling was found to have
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a small effect. Among tested material-polishing pairs, only CS-VA had moderately
unacceptable color change when previously reported threshold values were considered.
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Along with subtractive manufacturing, additive manufac-
turing has been introduced into dentistry due to the
advancements in computer-aided design and computer-aided
manufacturing (CAD-CAM) technologies.! A wide range
of restorative materials are applicable by using CAD-CAM
technologies” such as resin-based materials.’ Resin nanoce-
ramics, which can be subtractively manufactured combine
the advantages of composites and ceramics as they con-
sist of nanohybrid filler materials dispersed in urethane
dimethacrylate matrix.>* In terms of additive manufacturing
of resin-based materials, composite resins that are indicated
for fixed definitive prostheses are among the latest restorative
materials introduced.’

Having a smooth external surface is essential for the long-
term use of a prosthesis® as surface roughness (R,) might lead
to plaque accumulation and discoloration.® Clinically accept-
able R, of dental materials have been reported as 0.2 um.’’
Manufacturers recommend either glazing or polishing for
smoother surfaces*; however, conventional furnace glazing
is not recommended for materials with resin matrices.'” An
alternative method to improve the R, of resin-based materials
may be using surface sealants that act as surface glazes by
filling the microporosities on the prosthesis surface.'” How-
ever, the information on the effect of surface sealants on resin
nanoceramics>**! or additively manufactured composite
resins is sparse.

Even though previous studies have investigated addi-
tively manufactured composite resins indicated for definitive
prostheses,”! =22 the knowledge on their R, and stainability>”
is limited. In addition, to the authors’ knowledge, the com-
bined effect of different polishing techniques and long-term
aging on these properties has not been documented. Because
restorative materials are subjected to thermal changes intrao-
rally with different discoloring media, the present study
aimed to evaluate the effect of three different polishing tech-
niques (conventional polishing with a 2-step polishing kit and
two different surface sealants) and coffee thermal cycling
on the R, and stainability of two additively manufactured
composite resins and to compare to those of a subtractively
manufactured resin nanoceramic. The null hypotheses were
that (1) material type would not affect the R, before pol-
ishing, (2) polishing technique and time interval (before
polishing, after polishing, and after coffee thermal cycling)
would not affect the R, among tested materials, (3) material
type and time interval (before polishing, after polishing, and
after coffee thermal cycling) would not affect the R, among
different polishing techniques within tested restorative mate-
rials, (4) material type and polishing technique would not
affect the R, among different time intervals within tested

restorative materials, and (5) polishing technique and mate-
rial type would not affect the stainability of tested restorative
materials.

MATERIALS AND METHODS

An overview of the present study is shown in Figure 1.
Three Al shaded CAD-CAM materials (Cerasmart; GC Corp
(CS), Crowntec; Saremco Dental AG (CT), and VarseoSmile
Crown Plus; Bego (VS)) indicated for definitive fixed pros-
theses were used to fabricate a total of 90 rectangular-shaped
(14 x 12 x 1 mm) specimens (Table 1). For the fabrica-
tion of CS specimens, CAD-CAM blocks were wet-sliced
into 1 mm-thick specimens by using a precision cutter
(Vari/cut VC-50; Leco Corporation). For the fabrication of
CT and VS specimens, a rectangular plate with desired
final dimensions was designed using a software program
(Meshmixer v3.5.474; Autodesk Inc) in standard tessella-
tion language (STL) format. This STL file was imported to
a nesting software program (Composer v1.3.3; Asiga) and
positioned horizontally on the build platform. After the sup-
ports were automatically generated, the support arrangement
was repeated 10 times for standardization. Layer thickness
was set to 50 um and specimens were printed using a digi-
tal light processing-based 3D printer (MAX UV; Asiga). An
alcohol-soaked cloth (95% Ethanol Absolut; Grogg Chemie
AG) was used to remove residual resin on CT specimens.
After drying specimens with an air syringe, they were
placed in a xenon polymerization device (Otoflash G171; NK
Optik) for polymerization under nitrogen oxide gas atmo-
sphere (4000 lighting exposures). Then, specimen surfaces
were sandblasted with 50 um glass beads (Rolloblast; Ren-
fert) at 1.5 bar and supports were removed with a cut-off
wheel (Keystone Cut-off Wheels; Keystone Industries).”> VS
specimens were initially cleaned in an ultrasonic bath that
contained reusable ethanol solution (95% Ethanol Absolut;
Grogg Chemie AG) followed by thorough cleaning in an
ultrasonic bath that contained fresh ethanol (95% Ethanol
Absolut; Grogg Chemie AG). After air-drying the speci-
mens, supports were removed by using the same cut-off
wheel, and surfaces were sandblasted with 50 um glass beads
(Rolloblast; Renfert) at 1.5 bar until the whitish layer that
appeared after cleaning had disappeared. Thereafter, speci-
mens were polymerized in the same xenon polymerization
device under nitrogen oxide gas atmosphere (3000 lighting
exposures).24 After fabrication, the final thicknesses of all
specimens were controlled by using a micrometer (Digimatic
QuantuMike IP65; Mitutoyo).
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FIGURE 1 Overview of the study design.

TABLE 1 List of CAD-CAM materials used in this study.

Material Type Composition Manufacturer
Cerasmart (CS) Subtractively 71% Silica (20 nm) and barium glass nanoparticles (300 nm), Bis-MEPP, GC Corp, Tokyo,

manufactured resin
nanoceramic

UDMA, DMA

Crowntec (CT) Additively manufactured

composite resin
30-50 wt%.

VarseoSmile Crown
Plus (VS)

Additively manufactured
composite resin

Esterification products of 4,4’-isopropylidiphenol, ethoxylated and
2-methylprop-2enoic acid, silanized dental glass, pyrogenic silica,
initiators. Total content of inorganic fillers (particle size 0.7 um) is

Esterification products of 4,4’-isopropylidiphenol, ethoxylated and
2-methylprop-2enoic acid, silanized dental glass, methyl

Japan

Saremco Dental
AG, Rebstein,
Switzerland

Bego, Bremen,
Germany

benzoylformate, diphenyl (2,4,6-trimethylbenzoyl) phosphine oxide,
30-50 wt%—inorganic fillers (particle size 0.7 um)

Initial R, values were measured by using a non-contact
optical profilometer (FRT MicroProf 100, equipped with a
CWL 300 um sensor, resolution of 3 nm in z-dimension;
Fries Research & Technology GmbH).® R, of 6 linear
traces (3 horizontal and 3 vertical), which had a length
of 5.5 mm, a pixel density of 5501 point/line, and were
1 mm apart, was determined with an integrated software
program (Mark III; Fries Research & Technology GmbH)
according to the International Organization for Standardiza-
tion 4287 standard (ISO Standard Reference) with a cutoff
value (Lc) of 0.8 mm. The 6 R, values were averaged per
specimen.

Each set of specimens was then randomly divided into
three (Excel; Microsoft Corp) depending on the polishing
technique used; conventional polishing (control-CP) or appli-
cation of a surface sealant (Optiglaze; GC Corp (OG) or
Vita Akzent LC; Vita Zahnfabrik (VA)) (n = 10). Only one
surface of the specimens was polished. Specimens of the CP
group were manually polished with a 2-stage polishing kit
(Diatech; Coltene AG) and a polishing paste (Zircon Brite;
Klasse 4 Dental GmbH) applied at 5000 rpm for 90 s with
each polishing bur. One surface of the specimens of OG
and VA groups was sandblasted with 50 um Al,Oj particles
(Cobra; Renfert) (1.5 bar for OG and 2 bar for VA). After
sandblasting, specimens were steam cleaned for 15 s and air-
dried. Sandblasted surfaces were then treated with a ceramic

primer (Ceramic Primer II, GC Corp), and a thin layer of
OG or VA was applied with a soft brush in one direction to
eliminate air bubbles.'” Twenty seconds after application,'”
a light-polymerization unit (GC Labolight Duo; GC Corp)
was used for polymerization (5 min for OG and 3 min for
VA). One specimen was polymerized at once and each speci-
men was placed in the mid-point in the center of the chamber.
After polymerization, all specimens were cleaned in distilled
water (Eltrosonic Ultracleaner 07-08; Eltrosonic GmbH) for
15 min and stored in 37 + 1°C distilled water for 24 h under
light-proof conditions. After 24 h, R, measurements were
repeated.

A spectrophotometer (CM-26d; Konica Minolta),” which
had a medium area view, 2° human observer characteris-
tics, and Commission International de I’Eclairage (CIE) D65
illumination was used to measure the baseline color coor-
dinates (L*, a*, and b*) defined by CIE on a gray backing.
Optical contact between the specimens and the backing was
ensured with the use of saturated sucrose solution, and the
spectrophotometer was calibrated prior to each measurement.
One operator (G.C.) performed three measurements for each
specimen in a temperature and humidity-controlled room, and
the values were averaged.

Specimens were subjected to 10,000 cycles (SD Mecha-
tronik Thermocycler; SD Mechatronik GmbH) at 5-55°C in
a coffee solution with a dwell time of 30 s and a transfer
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TABLE 2 Descriptive statistics of surface roughness (in #m) values of each material based on polishing protocols and time intervals.
Polishing

Before polishing protocol After polishing After coffee thermal cycling

Mean + standard Median Mean + standard Mean + standard  Median
Material deviation (Min-Max) deviation Median (Min-Max) deviation (Min-Max)

0.27 + 0.09 0.24" (0.18-0.50) CP 0.16 + 0.04 0.154B20 (0.12-0.23) 0.1 + 0.01* 0.10% (0.08-0.11)
CS 0.23 + 0.10 0.20° (0.13-0.50) OG 0.10 £ 0.044 0.11* (0.04-0.16) ~ 0.14 + 0.05F 0.14% (0.05-0.21)

0.24 + 0.03 0.24* (0.19-0.26) VA 031 + 0.24 02342 (0.12-0.91)  0.28 + 0.11AF 0.26* (0.08-0.48)
Total 0.24 + 0.08 0.24* (0.13-0.50)

0.49 + 0.24* 0.40° (0.28-1.01) CP 0.29 + 0.26 0.1754 (0.09-0.87)  0.19 + 0.11 0.1254" (0.09-0.38)
CT 0.5 + 0.19: 0.5(0.26-0.78) OG 0.35 + 0.13¢® 0.35(0.21-0.58)  0.31 + 0.1282 0.30% (0.17-0.56)

0.6 + 0.28,, 0.6 (0.31-1.16) VA 0.33 + 0.14* 0.314 (0.17-0.59)  0.40 + 0.17B% 0.40% (0.17-0.70)

Total 0.53 + 0.24 0.49€ (0.26-1.16)

0.37 + 0.06°* 0.36 (0.29-0.49) CP 0.12 + 0.02%* 0.114 (0.10-0.17) ~ 0.16 + 0.01%* 0.168 (0.14-0.19)
'S 0.29 + 0.06°* 0.26 (0.23-0.41) OG 0.20 + 0.06B+ 0.21(0.11-0.30)  0.21 + 0.10A%*+ 0.21 (0.10-0.43)

0.31 + 0.04%+
Total 0.32 + 0.06

0.31 (0.25-0.39) VA
0.318 (0.23-0.49)

0.28 + 0.12**

0.28% (0.11-0.48)  0.26 + 0.124%+ 0.25(0.13-0.52)

Abbreviations: CP, conventional polish; CS, Cerasmart; CT, Crowntec; OG, Optiglaze; VA, Vita Akzent; VS, VarseoSmile Crown Plus.

Different superscript uppercase letters indicate significant differences among materials within each polishing-time interval pair (Kruskal Wallis or 1-way ANOVA), while lowercase
letters indicate significant differences among different time intervals within each material-polishing pair (Friedman or repeated measures ANOVA). Different uppercase symbols
indicate significant differences among polishing techniques within each material-time interval pair (Kruskal Wallis or 1-way ANOVA) (p < 0.05).

time of 10 s. A fresh filtered coffee solution was brewed
every 12 h by dissolving a tablespoon of coffee (Kaffeehof
GmbH) in 177 mL of water.”>> After coffee thermal cycling,
specimens were initially brushed 10 times with toothpaste
(Nevadent Complex 3; DENTAL-Kosmetik GmbH) and Fed-
eral Drug Administration-certified toothbrushes, which had
soft bristles’ and changed in every 10 specimens, under
running water to clean the coffee extracts, and then ultra-
sonically cleaned in distilled water for 10 min and dried.
R, and color coordinate measurements were repeated after
coffee thermal cycling. CIEDE2000 color difference formula
(KL, KC, and KH were set to 1)>~27 was used to calculate
color difference (AE) values. Scanning electron microscope
(SEM) images of an additional specimen from each material-
polishing pair were taken (LEO 440; Zeiss) at 14 kV and
%1000 magnification to observe surface topography at each
time interval.

Normality of data was evaluated by using the Shapiro
Wilk test. While comparing the R, of different materials
within each polishing-time interval pair, either Kruskal-
Wallis (before polishing, CP-after polishing, CP-after coffee
thermal cycling, and VA-after polishing) or 1-way analysis
of variance (ANOVA) (OG-after polishing, OG-after coffee
thermal cycling, and VA-after coffee thermal cycling) tests
were used. Considering that tested specimens were separated
only by their material type before polishing, pooled data from
30 specimens in each group were used to analyze the R,
before polishing. To compare the R, obtained with differ-
ent polishing techniques within each material-time interval
pair, either Kruskal-Wallis (CS-before polishing, CS-after
polishing, and all CT pairs) or 1-way ANOVA (CS-after
coffee thermal cycling and all VS pairs) tests were used.

To compare the R, at different time intervals within each
material-polishing pair, either Friedman (all CS pairs and CT-
CP) or repeated measures ANOVA (CT-OG, CT-VA, and all
VS pairs) with material type, time interval, and the inter-
action between these factors as covariates were used. AE,
values were evaluated by using 2-way ANOVA with mate-
rial type, polishing technique, and the interaction between
these factors as covariates. All analyses were performed with
software (SPSS v23; IBM Corp) at a significance level of
a = 0.05. Perceptibility and acceptability of color differences
(AE( units) were evaluated with reported thresholds (not per-
ceptible: <0.8, perceptible but clinically acceptable: <1.8,
moderately unacceptable: <3.6 clearly unacceptable: <5.4,
and extremely unacceptable: >5.4 units).”

RESULTS

Significant differences in R, were observed among all mate-
rials within each polishing-time interval pair (p < 0.038),
except for VA-after polishing (p = 0.055). Before polishing,
CT had the highest and CS had the lowest R, values (p <
0.001). After polishing, CT had a higher R, than VS when
CP was used (p < 0.001). Among OG-applied specimens, CT
had the highest and CS had the lowest R, values after pol-
ishing (p < 0.009). After coffee thermal cycling, CS had the
lowest R, among CP-applied specimens (p < 0.019). Among
OG-applied specimens, CT had the highest R, (p < 0.028).
Among VA-applied specimens, CT had higher R, than VS
(p = 0.047).

For CS and CT, a significant difference among differ-
ent polishing techniques was observed after coffee thermal
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CS A

FIGURE 2 Representative scanning electron microscope images of
each material before polishing. CS, Cerasmart; CT, Crowntec; VS,
VarseoSmile Crown Plus.

CS  CT

CP
oG

VA

FIGURE 3 Representative scanning electron microscope images of
each material-polishing pair after polishing. CP, conventional polish; CS,
Cerasmart; CT, Crowntec; OG, Optiglaze; VA, Vita Akzent; VS,
VarseoSmile Crown Plus.

cycling (p < 0.001). CS-CP and CT-CP had the lowest
(p < 0.039) and CS-VA had the highest (p < 0.004) R,
within those materials. For VS, significant differences were
observed within each time interval (p < 0.038). VS-CP had
the lowest R, after polishing (p < 0.003). After coffee thermal
cycling, VS-VA had higher R, than VS-CP (p = 0.043).

For CS, significant differences among different time inter-
vals were observed when CP and OG were used (p < 0.001).
CS-CP had higher R, before polishing than after coffee
thermal cycling (p < 0.001). CS-OG had higher R, before
polishing than after polishing (p < 0.001). For CT, signifi-
cant differences among different time intervals were observed
with all polishing techniques (p < 0.016). CT-CP had the
highest R, before polishing (p < 0.017). CT-OG had higher
R, before polishing than after coffee thermal cycling (p =
0.030), while CT-VA had higher R, before polishing than
after polishing (p = 0.013). For VS, significant differences
among different time intervals were observed when CP and
OG were used (p < 0.001). VS-CP had the highest R, before
polishing and the lowest R, after polishing (p < 0.001).
VS-OG had the highest R, before polishing (p < 0.030)
(Table 2).

Figures 2—4 are the SEM images of each material-polishing
pair at different time intervals. Significant lines and pores
were evident on surfaces before polishing, regardless of the

Your smile. Our specialty”

CS CT

FIGURE 4 Representative scanning electron microscope images of
each material-polishing pair after coffee thermal cycling. CP, conventional
polish; CS, Cerasmart; CT, Crowntec; OG, Optiglaze; VA, Vita Akzent; VS,
VarseoSmile Crown Plus.

TABLE 3 Mean + standard deviation AE, values within each
material-polishing pair.

Ccs CT VS
CP 0.47 + 0.3442 0.89 + 0.18A2 1.98 + 0.18BP
0G 0.99 + 0.42B2 1.04 + 0.60A2 1.38 + 0.5942
VA 1.04 + 0.35B 1.52 + 0.84A2 1.77 + 0.68AB2

Abbreviations: CP, conventional polish; CS, Cerasmart; CT, Crowntec; OG: Optiglaze;
VA: Vita Akzent; VS: VarseoSmile Crown Plus.

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

material. However, CT had a coarser appearance, while CS
and VS had a similar surface topography, which is in line
with the R, values before polishing. Even though some of
the material-polishing pairs had lines and pores after polish-
ing, those were less prominent than before polishing. Coffee
thermal cycling had a greater effect on the surfaces of CT
and VS because specimens of CT and VS mostly had rougher
surfaces after coffee thermal cycling.

Two-way ANOVA showed that the interaction between
material type and polishing technique (p = 0.007) and these
variables as main factors (p < 0.024) affected AE,y, values.
Polishing techniques affected the AE, values of CS (p =
0.002) and VS (p = 0.020), while only CP affected the AE
values among tested materials (p < 0.001). CS-CP had lower
AE,y, values than those of CS-OG and CS-VA (p < 0.012).
VS-VA had lower AE, values than those of VS-CP (p =
0.022). Within CP specimens, VS had the highest AE, values
(p <£0.042) (Table 3).

DISCUSSION

The first null hypothesis was rejected considering that mate-
rial type significantly affected baseline R, values. None
of the specimens tested had R, smaller than the clinically
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acceptable threshold of 0.2 um® before polishing. However,
the mean R, of CS (0.24 um) may be considered acceptable
given that a difference of 0.04 um can be clinically negligible.
In addition, CS had the lowest R, and the smoothest surface
among tested materials before polishing (Figure 2), which
could be because CS was the only prepolymerized material
tested. The degree of polymerization of CS may be higher
and residual monomer content may be lower than CT and VS
as millable CAD-CAM pucks are fabricated under high pres-
sure and temperature.” Previous studies comparing additively
and subtractively manufactured materials have also reported
similar findings.®” Nevertheless, this hypothesis needs to be
supported by studies on the degree of conversion of tested
materials.

The second null hypothesis was rejected, because signif-
icant differences in R, were observed across materials when
the same polishing technique was used within each time inter-
val. Regardless of the polishing technique or time interval,
CT had R, that was either similar to or higher than the R, of
other materials. In addition, other than after coffee thermal
cycling R, of CT-CP pair, CT constantly had mean R, val-
ues greater than the clinically acceptable threshold, whereas
most of the other material-polishing pairs had acceptable R,
values. Therefore, it can be speculated that CT was less pol-
ishable than other tested materials. The unfavorable R, of CT
may be related to its chemical composition. Even though both
CT and VS were additively manufactured composite resins
with similar compositions, slight differences between the two
materials might have led to these results. R, values of CS also
support this hypothesis regarding the effect of chemical com-
position, it being the only prepolymerized material; CS either
had R, values similar to or smaller than those of additively
manufactured composite resins among tested polishing-time
interval pairs.

The effect of different polishing techniques on the R,
of materials varied within each material-time interval pair,
which led to the rejection of the third null hypothesis. CP
pairs had R, values that were either similar to or lower than
those of OG and VA pairs within each material, regardless
of the time interval. In addition, most of the CP pairs had
mean R, values smaller than 0.2 um. Favorable results of
CP specimens were more prominent when after coffee ther-
mal cycling values were considered. This could be because
OG and VA are sealants that are chemically bonded to spec-
imen surfaces. Even though aging by coffee thermal cycling
does not involve direct physical contact with the specimen
surface, it might have deteriorated the coating due to ther-
mal changes. SEM images (Figures 3 and 4) support this
hypothesis as after polishing, surfaces of OG and VA applied
specimens were smoother, whereas prominent fissures and
lines were visible after coffee thermal cycling, particularly
for CT and VS. In addition, regardless of the material-time
interval pair, VA-applied specimens had higher mean R, val-
ues than 0.2 um. Thus, VA application might lead to higher
plaque accumulation on tested materials. However, to the
authors’ knowledge, the present study was the first to test
VA, and both these results and this interpretation need further
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support. A previous study on the effect of different polish-
ing techniques on resin-matrix ceramics concluded that after
thermal cycling, R, of CS did not change depending on the
polishing technique,'’ which may be related to the difference
in aging. Nevertheless, both the present study and a study
by Cakmak et al.'” reported clinically acceptable R, for the
CS-OG pair after aging.

Other than CS-VA and VS-VA pairs, significant differ-
ences were observed among different time intervals within
each material-polishing. Therefore, the fourth null hypothesis
was rejected. Tested polishing techniques mostly resulted in
either significantly or nonsignificantly lower mean R, values
after polishing compared with before polishing, which was
also reported in previous studies.*” No material-polishing
pair other than VS-CP had significantly higher R, value after
coffee thermal cycling compared with that of after polishing
and none of the tested material-polishing pairs had higher
R, values after coffee thermal cycling than before polish-
ing. However, after coffee thermal cycling mean R, values
of CS-VA, CT-OG, CT-VA, and VS-VA pairs were above
the clinically acceptable threshold; thus, these specimens can
be considered as more prone to coffee thermal cycling. After
coffee thermal cycling mean R, value of VS-OG specimens
was 0.21 um and the authors believe that this pair can also be
considered clinically acceptable.

Significant differences were observed in AE(, values
among tested material-polishing pairs, which led to the rejec-
tion of the fifth null hypothesis. However, when these values
were further evaluated according to previously reported
thresholds,”® it was observed that only the VS-CP pair
had moderately unacceptable color change (AEy, = 1.98).
Among the remaining material-polishing pairs, CS-CP had
imperceptible color change (AE(, = 0.47), while other pairs
had acceptable color change as AE, values ranged from
0.89 (CT-CP) to 1.77 (VS-VA) units. The implemented coffee
thermal cycling procedure in the present study is an excessive
simulation of coffee consumption and it may be speculated
that for an individual who consumes 1 cup of coffee per day,
the test arrangement in the present study simulates potentially
over couple decades of coffee consumption. Based on these
results, the authors believe that tested material-polishing
pairs are resistant to discoloration caused by coffee thermal
cycling. However, it should also be noted that no universal
perceptibility and acceptability threshold values have been
reported. In addition, a previous study on the stain suscep-
tibility of another additively manufactured composite resin
reported unacceptable AE, values when 1 mm-thick speci-
mens polished with polishing disks were immersed in coffee
for 12 and 24 days.”?” Given the contradictory results between
the present study and one by Alharbi et al.,”” and the scarcity
of knowledge on the optical properties of additively manu-
factured composite resins, future studies with different test
settings are needed to elaborate the resistance of these mate-
rials to discoloration in the long-term. Another interesting
finding was the fact that CS had AEy, values that were either
similar to or lower than those of additively manufactured
composite resins. Even though CT and VS specimens were
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light-polymerized according to manufacturers’ instructions,
longer durations of polymerization may decrease the residual
monomers and increase the resistance of these materials to
discoloration.

Coffee thermal cycling could not completely simulate
intraoral situations as some factors, for instance, saliva, were
not included. In addition, because both sides of the specimens
were subjected to coffee thermal cycling, AE, values may
have increased more than expected, because only the outer
surfaces of prostheses are exposed to discolorants intrao-
rally. Coffee was selected due to its accelerating effect on
discoloration with its acidic components.” However, staining
solutions may affect the results.”” In addition, other optical
properties such as translucency should be further investi-
gated. Even though the present study focused on the recently
introduced additively manufactured composite resins, only 3
CAD-CAM materials were tested. Also, different polishing
techniques may change the results.* Finally, no mechanical
aging such as cyclic loading or brushing, which could dete-
riorate specimen surfaces and affect tested parameters, was
performed. Other clinically relevant properties like micro-
hardness, water absorption, surface wettability, and biofilm
adherence should be further investigated to broaden the
knowledge on the applicability of tested additively man-
ufactured composite resins when polished with different
techniques.

CONCLUSIONS

Polishing technique and time interval affected the surface
roughness of tested materials. Cerasmart had the lowest
roughness before polishing and had either similar or lower
values than other tested materials within each time interval
regardless of the polishing technique. Surface roughness of
tested materials among different polishing techniques was
affected by material type and time interval affected. Con-
ventional polishing mostly led to lower roughness than the
other polishing techniques, which were mostly below 0.2 um.
However, Vita Akzent led to unacceptable roughness regard-
less of the material-time interval pair. Surface roughness
of materials among different time intervals was affected by
material type and polishing technique. Polishing reduced the
roughness of all materials regardless of the technique; how-
ever, Crowntec and Vita Akzent applied specimens had mean
roughness values higher than 0.2 um. Coffee thermal cycling
mostly did not affect after-polishing roughness values. Stain-
ability of tested materials was affected by material type
and polishing technique. However, among tested material-
polishing pairs, color changes were acceptable, and only
conventionally polished VarseoSmile Crown Plus specimens
had moderately unacceptable color changes when previously
reported threshold values were considered. Of additively
manufactured resins, Crowntec had smaller color changes
with all tested polishing techniques, which were also similar
to that of Cerasmart.

Your smile. Our specialty’

ACKNOWLEDGMENTS
GC Corporation and Vita Zahnfabrik are gratefully acknowl-
edged for supplying the surface sealants used in this study.
The authors would also like to thank Isabelle Hug for their
help with the scanning electron microscope images.

Open Access Funding provided by Universitat Bern.

CONFLICT OF INTEREST STATEMENT
The authors declare no conflict of interest. The authors do not
have any financial interest in the companies whose materials
are included in this article.

ORCID

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

Canan Akay DDS, PhD ‘© https://orcid.org/0000-0003-2781-
8710

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

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

REFERENCES
1. Van Noort R. The future of dental devices is digital. Dent Mater.
2012;28:3-12.

2. Jockusch J, Ozcan M. Additive manufacturing of dental polymers:
an overview on processes, materials and applications. Dent Mater J.
2020;39:345-54.

3. Ozarslan M, Bilgili Can D, Avcioglu NH, Caliskan S. Effect of different
polishing techniques on surface properties and bacterial adhesion on
resin-ceramic CAD/CAM materials. Clin Oral Investig. 2022;26:5289-
99.

4. Kara D, Tek¢e N, Fidan S, Demirci M, Tuncer S, Balc1 S. The effects
of various polishing procedures on surface topography of CAD/CAM
resin restoratives. J Prosthodont. 2021;30:481-9.

5. Cakmak G, Rusa AM, Donmez MB, Akay C, Kahveci C, Schimmel M,
et al. Trueness of crowns fabricated by using additively and subtrac-
tively manufactured resin-based CAD-CAM materials. J Prosthet Dent.
2022.

6. Tekge N, Fidan S, Tuncer S, Kara D, Demirci M. The effect of glazing
and aging on the surface properties of CAD/CAM resin blocks. J Adv
Prosthodont. 2018;10:50-7.

7. Cakmak G, Donmez MB, Atalay S, De Paula MS, Fonseca M,
Schimmel M, et al. Surface roughness and stainability of CAD-
CAM denture base materials after simulated brushing and coffee
thermocycling. J Prosthet Dent. 2022.

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

9. Cakmak G, Molinero-Mourelle P, De Paula MS, Akay C, Cuellar AR,
Donmez MB, et al. Surface roughness and color stability of 3D-printed
denture base materials after simulated brushing and thermocycling.
Materials (Basel). 2022;15:6441.

10. Cakmak G, Subasi MG, Yilmaz B. Effect of thermocycling on the
surface properties of resin-matrix CAD-CAM ceramics after differ-
ent surface treatments. J Mech Behav Biomed Mater. 2021;117:
104401.

11. Al-Haj Husain N, Feilzer AJ, Kleverlaan CJ, Abou-Ayash S, Ozcan
M, Effect of hydrothermal aging on the microhardness of high- and
low-viscosity conventional and additively manufactured polymers. J
Prosthet Dent. 2022;128:822.e1-822.e9.

85U80| 7 SUOWILLIOD) 8AE8ID 3|ceo![dde a1 Aq peusenob afe ssjolfe VO ‘8sn JO Sa|nJ Joj Areiq 1 8UlUO /8|1 UO (SUOIIPUOD-PUR-SLLRIAOY A8 1M AReIq 1 U1 UO//SANY) SUONIPUOD PUe SWwiB | 81 89S *[Z0Z/T0/8T] Uo Ariqi]auluo A1 ‘UoTiewOojuL,| 8P UOKIAIQ ‘8/suBD) ap 81SRAIUN,| 8p anbeyiol|qig Aq 0£ZET 1dol/TTTT OT/I0p/wWoo A8 |1 Aeiq 1 puluo//:Sdny wouy pepeoiumoq ‘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/0000-0003-2781-8710
https://orcid.org/0000-0003-2781-8710
https://orcid.org/0000-0003-2781-8710
https://orcid.org/0000-0002-7101-363X
https://orcid.org/0000-0002-7101-363X
https://orcid.org/0000-0002-7101-363X
https://orcid.org/0000-0002-3094-7487
https://orcid.org/0000-0002-3094-7487
https://orcid.org/0000-0002-3094-7487

L ACP

12.
13.

14.

17.

18.

20.

21.

AMERICAN COLLEGE OF

PROSTHODONTISTS

CAKMAK ET AL.

Your smile. Our specialty’

Atria PJ, Bordin D, Marti F, Nayak VV, Conejo J, Benalcdzar Jalkh
E, et al. 3D-printed resins for provisional dental restorations: com-
parison of mechanical and biological properties. J Esthet Restor Dent.
2022;34:804-15.

Corbani K, Hardan L, Eid R, Skienhe H, Alharbi N, Ozcan M, et al.
Fracture resistance of three-unit fixed dental prostheses fabricated with
milled and 3D printed composite-based materials. J Contemp Dent
Pract. 2021;22:985-90.

Corbani K, Hardan L, Skienhe H, Ozcan M, Alharbi N, Salameh Z.
Effect of material thickness on the fracture resistance and failure pattern
of 3D-printed composite crowns. Int J Comput Dent. 2020;23:225-33.

. Daher R, Ardu S, Di Bella E, Krejci I, Duc O. Efficiency of 3D-printed

composite resin restorations compared with subtractive materials: eval-
uation of fatigue behavior, cost, and time of production. J Prosthet Dent.
2022.

. Donmez MB, Okutan Y. Marginal gap and fracture resistance of

implant-supported 3D-printed definitive composite crowns: an in vitro
study. J Dent. 2022;124:104216.

Graf T, Erdelt K-J, Giith J-F, Edelhoff D, Schubert O, Schweiger
J. Influence of pre-treatment and artificial aging on the retention
of 3D-printed permanent composite crowns. Biomedicines. 2022;10:
2186.

Grzebieluch W, Kowalewski P, Grygier D, Rutkowska-Gorczyca
M, Kozakiewicz M, Jurczyszyn K. Printable and machinable den-
tal restorative composites for CAD/CAM application-comparison of
mechanical properties, fractographic, texture and fractal dimension
analysis. Materials (Basel). 2021;14:4919.

. Wuersching SN, Hickel R, Edelhoff D, Kollmuss M. Initial biocom-

patibility of novel resins for 3D printed fixed dental prostheses. Dent
Mater. 2022;38:1587-1597.

Zimmermann M, Ender A, Attin T, Mehl A. Fracture load of
three-unit full-contour fixed dental prostheses fabricated with sub-
tractive and additive CAD/CAM technology. Clin Oral Investig.
2020;24:1035-1042.

Zimmermann M, Ender A, Egli G, Ozcan M, Mehl A. Fracture load of
CAD/CAM-fabricated and 3D-printed composite crowns as a function
of material thickness. Clin Oral Investig. 2019;23:2777-2784.

22.

23.

24.

25.

26.

27.

28.

Alharbi N, Alharbi A, Osman R. Stain susceptibility of 3D-printed
nanohybrid composite restorative material and the efficacy of differ-
ent stain removal techniques: an in vitro study. Materials (Basel).
2021;14:5621.

The Saremco website. https://www.saremco.ch/wp-content/uploads/
2022/03/D600248_GA_saremco-print-CROWNTEC_EN_USA _
edited-02-2022_DRUCK_frei.pdf. Accessed 27 Jan 2023.

The Bego website. https://www.bego.com/fileadmin/user_downloads/
Mediathek/3D-Druck/Materialien/XX_Manuals/VarseoSmileCrown-
plus/de_20740_0008_ga_xx.pdf. Accessed 27 Jan 2023.

Alp G, Subasi MG, Johnston WM, Yilmaz B. Effect of surface treat-
ments and coffee thermocycling on the color and translucency of
CAD-CAM monolithic glass-ceramic. J Prosthet Dent. 2018;120:263-
268.

Acar O, Yilmaz B, Altintas SH, Chandrasekaran I, Johnston WM.
Color stainability of CAD/CAM and nanocomposite resin materials.
J Prosthet Dent. 2016;115:71-75.

Donmez MB, Olcay EO, Demirel M. Load-to-failure resistance and
optical characteristics of nano-lithium disilicate ceramic after different
aging processes. Materials (Basel). 2022;15:4011.

Paravina RD, Pérez MM, Ghinea R. Acceptability and perceptibility
thresholds in dentistry: a comprehensive review of clinical and research
applications. J Esthet Restor Dent. 2019;31:103-112.

How to cite this article: Cakmak G,
Oosterveen-Riiegsegger AL, Akay C, Schimmel M,
Yilmaz B, Donmez MB. Influence of polishing
technique and coffee thermal cycling on the surface
roughness and color stability of additively and
subtractively manufactured resins used for definitive
restorations. J Prosthodont. 2023;1-8.
https://doi.org/10.1111/jopr.13730

85UB011 SUOWIWIOD BAIER1D el |dde 8y} Aq pausenoh ke SopIe VO ‘88N JO S3INJ Joj ARiqIT BUIIUO AB]IM UO (SUORIPUOD-PUB-SWLRY /0" AB] 1M AReIq1BU1IUO//SANY) SUORIPUOD PUe SWB L 33 885 *[7202/T0/8T] U0 ArIqIT8UIUO /AB]IM ‘UOTEWLIOJUL| 8P UOKIAIQ ‘B89 8P 8YSPAIUN,| 8P enbeuio!iqrg Aq 0gLET dOlTTTT OT/10p/wod AB] 1M Ariq1feul|uO//SdRY WO PaPeOuMOQ ‘0 ‘X68ZEST


https://www.saremco.ch/wp-content/uploads/2022/03/D600248_GA_saremco-print-CROWNTEC_EN_USA_edited-02-2022_DRUCK_frei.pdf
https://www.saremco.ch/wp-content/uploads/2022/03/D600248_GA_saremco-print-CROWNTEC_EN_USA_edited-02-2022_DRUCK_frei.pdf
https://www.saremco.ch/wp-content/uploads/2022/03/D600248_GA_saremco-print-CROWNTEC_EN_USA_edited-02-2022_DRUCK_frei.pdf
https://www.bego.com/fileadmin/user_downloads/Mediathek/3D-Druck/Materialien/XX_Manuals/VarseoSmileCrown-plus/de_20740_0008_ga_xx.pdf
https://www.bego.com/fileadmin/user_downloads/Mediathek/3D-Druck/Materialien/XX_Manuals/VarseoSmileCrown-plus/de_20740_0008_ga_xx.pdf
https://www.bego.com/fileadmin/user_downloads/Mediathek/3D-Druck/Materialien/XX_Manuals/VarseoSmileCrown-plus/de_20740_0008_ga_xx.pdf
https://doi.org/10.1111/jopr.13730

	Influence of polishing technique and coffee thermal cycling on the surface roughness and color stability of additively and subtractively manufactured resins used for definitive restorations
	Abstract
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	CONCLUSIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	ORCID
	REFERENCES


