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Purpose: To evaluate the effect of material thickness and coffee thermocycling on the
optical properties of definitive resin-based materials created via additive manufacturing
(AM) and subtractive manufacturing (SM). Materials and Methods: Specimens were
prepared in three thicknesses (1, 1.5, and 2 mm) from three AM (3D-CB, 3D-TH, and
3D-CT) and two SM (G-CAM and VE) resin-based materials (n = 15 per material and
thickness combination). Color coordinates of each specimen were measured after
polishing and after 10,000 cycles of coffee thermocycling. Color differences (AEQOs)
and relative translucency parameter (RTP) values were calculated. After logarithmic
transformation, AEOO values were analyzed with two-way ANOVA, while RTP values
were analyzed with generalized linear model test (a = .05). Results: 3D-TH had the
highest pooled AEOO and G-CAM had the lowest (P < .004). 3D-CB had higher pooled
AEQO than VE and 3D-CT (P < .002). For the SM group, the 1.5-mm and 2-mm 3D-
CT specimens and 1-mm 3D-TH specimens had lower AEOO than 1.5-mm and 2-mm
3D-TH specimens (P < .036). Most of the AM specimens and 1-mm VE specimens had
higher AEOO than 2-mm G-CAM specimens (P < .029). Further, most AM specimens had
higher AEQO than 1.5-mm G-CAM specimens (P < .006). RTP values increased in order
of 3D-CT, G-CAM, VE, 3D-CB, and 3D-TH specimens (P < .001). Increased thickness and
coffee thermocycling mostly reduced RTP (P < .001). Conclusions: 3D-TH typically had
higher color change values than SM specimens, while G-CAM typically had lower color
change values than AM specimens. Only the 1.5-mm and 2-mm 3D-TH specimens had
unacceptable color changes. Thickness and coffee thermocycling mostly reduced the
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facilitated the use of additive’ 2 and subtractive

manufacturing.? Additive manufacturing (AM)
enables the fabrication of products with complex ge-
ometries due to its layer-by-layer construction model
with relatively lower amounts of excess material when
compared to subtractive manufacturing (SM).* A wide
range of materials for different indications are available
with AM3>: of those, some composite resin materials are
indicated for definitive prostheses.®” Recent studies have
shown that AM composite resins have similar fabrication
trueness®® and mechanical properties®'9 to those SM
resins with similar chemical compositions. In addition,
urethane-based resins are also available for the AM of
definitive prostheses.' 12

SM has been the dominant fabrication method for
CAD/CAM restorations with resin-based materials due
to the standardized polymerized conditions in the form
of millable blocks or disks.'® To improve the mechanical
properties of resin materials, nanotechnology has been
incorporated into the fabrication of these prepolymerized
resin-based CAD/CAM materials.”* A nanographene-
reinforced polymethylmethacrylate (PMMA) was re-
cently introduced, indicated for fabricating definitive
prostheses.®'> Graphene particles have a unique ar-
rangement of carbon atoms, which have a honeycomb
shape'® and may improve the mechanical properties of
dental PMMA materials." However, various properties
of nanographene-reinforced PMMA should be further
investigated for clinical implementation.

Translucency is a critical parameter to consider when
choosing a material for tooth restoration in the esthetic
zone.'®1? Material thickness and chemical composition
are among the factors that affect the translucency of a
restorative material.2%2" Moreover, translucency is not
the only optical parameter that affects longevity, as color
stability of a definitive prosthesis might also determine
its clinical service time.22 A definitive restorative material
must be resistant to discoloration caused by temperature
changes in the oral cavity and discolorants while maintain-
ing its original shade with long-term color stability.?! The
mechanical properties of AM composite resins3.7.10.23-26
and nanographene-reinforced PMMA®14.17.27-30 haye
previously been investigated. However, the number of
studies on their optical properties is scarce?13.29.31.32;
even though these studies have reported acceptable
color stability after coffee thermocycling' and similar
translucency to that of lithium disilicate,?® none have
investigated the combined effect of material thickness
and coffee thermocycling on the optical properties of
these materials. Therefore, the present study aimed to
evaluate the color stability and translucency of two poly-
urethane acrylate resins and a definitive composite resin
for AM, and a nanographene-reinforced PMMA and a
polymer-infiltrated ceramic network for SM in different

Q dvancements in CAD/CAM technologies have
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thicknesses (1, 1.5, and 2 mm) when subjected to coffee
thermocycling. The null hypotheses were that (7) material
type and thickness would not affect the color stability
and (2) material type, thickness, and coffee thermocy-
cling would not affect the translucency.

MATERIALS AND METHODS

A total of 225 rectangular specimens were fabricated
in three thicknesses (1, 1.5, and 2 mm) from five dif-
ferent restorative materials in shade Al: two urethane
acrylate resins for AM (C&B Permanent, ODS [3D-CB];
and Tera Harz TC-80DP, Graphy [3D-TH]); a composite
resin for AM (Crowntec, Saremco Dental [3D-CT]); a
nanographene-reinforced PMMA for SM (G-CAM, Gra-
phenano Dental [G-CAM]); and a polymer-infiltrated
ceramic network for SM (Vita Enamic, Vita Zahnfab-
rik [VE]). Fifteen specimens were created per thickness
and material combination (Table 1). To fabricate SM
specimens, a rectangular prism (10 x 10 x 16 mm) was
designed in standard tessellation language (STL) format
with a design software program (Meshmixer version
3.5.474, Autodesk). This STL file was used to mill (Pro-
graMill PM7, Ivoclar Vivadent) prisms from G-CAM disks,
which were then wet-sliced with the same precision
cutter to obtain specimens in final thicknesses (1, 1.5, or
2 mm). The VE specimens were prepared by sectioning
CAD/CAM blocks in desired thickness with a precision
cutter (Vari/Cut VG50, Leco). To fabricate AM speci-
mens, three STL files with rectangular designs (10 x 10 x
1.0mm, 10 x 10 x 1.5 mm, and 10 x 10 x 2.0 mm) were
made using the same design software program. Each
STL file was imported separately into a nesting software
program (Composer, Asiga) and positioned parallel to
the build platform. Support structures were generated
automatically, and this standardized configuration was
duplicated 15 times for each material. The specimens
were printed using a digital light processing (DLP)-based
3D printer (MAX UV, Asiga) with a layer thickness of
50 pm. After printing and a 10-minute drip time, speci-
mens were removed from the build platform, and the
support structures were cut off with a side cutter. The
3D-TH and 3D-CB specimens were cleaned ultrasonically
(Ultracleaner 07-08, Eltrosonic) in 96% ethanol (Ethanol
absolut, Grogg Chemie) for 45 seconds before being
thoroughly cleaned with an ethanol-soaked cloth. 3D-CT
specimens were cleaned using only an ethanol-soaked
cloth. Specimens were air-dried and postpolymerized
with 4,000 flashes of light exposure (2,000 flashes for
each side; 5-minute cool-down between sets) using a
xenon lamp-polymerization unit (Otoflash G171, NK
Optik) under nitrogen oxide gas atmosphere.

After postpolymerization, remaining support struc-
tures were removed using x3.5 magnification loupes
(EyeMag Pro, Zeiss). One test surface of each specimen
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Table 1 Details of the Resin-Based Materials Tested
Material (product name) Chemical Composition Abbreviation =~ Manufacturer
Diurethane dimethacrylate, 2-propenoic acid, 2-methyl-,
Urethane acrylate resin for (1-methylethylidene) bis (4,1-phenyleneoxy(1-methyl-2,1-ethanediyl)) 3D-CB oDS
AM (C&B Permanent) ester, 2- hydroxyethyl methacrylate, diphenyl (2,4,6- trimethylbenzoyl)
phosphine oxide, and additives
Composite resin for AM Up to 50% in weight, 0.7-mm barium aluminum borosilicate glass
P fillers, 4,4'-isopropylidiphenol, ethoxylated and 2-methylprop-2-enoic 3D-CT Saremco Dental
(Crowntec) AL A SR
acid, silanized dental glass, pyrogenic silica, catalysts, inhibitors
. Urethane acrylate oligomer, bisphenol A ethoxylate dimethacrylate,
Urethane acrylate resin for 2-hydroxyethyl methacrylate, diphenyl (2,4,6- trimethylbenzoyl) 3D-TH Graphy
AM (TC-80DP) : ) o
phosphine oxide, and additives
Nanographene-reinforced Graohenano
polymethylmethacrylate for Not disclosed G-CAM [?ental

SM (G-CAM)

Polymer-infiltrated ceramic
network for SM (Vita
Enamic)

14 wt% methacrylate polymer (urethane dimethacrylate and
triethylene glycol dimethacrylate) and 86 wt% fine-structure feldspar VE
ceramic network

Vita Zahnfabrik

Table 2 Polishing Procedures of the Tested Materials

Material Polishing procedure
3D-CB Composite diamond-polishing kit (Diatech, Coltene)
3D-CT Polishing with yellow-composite polishing instrument for 90 s at 5,000 rpm
; Finishing with a polishing paste (Zircon Brite, Dental Ventures of America) and wool felt polishing wheels for 120 s at
3D-TH 5,000 rpm
G-CAM Polishing with pumice slurry (Pumice fine, Benco Dental) for 90 s at 1,500 rpm

Finishing with a polishing paste (Fabulustre, Grobet USA) for 90 s

Manufacturer’s proprietary polishing set (Enamic Polishing Set Clinical, Vita Zahnfabrik)

VE Prepolishing with diamond-coated pink instruments for 30 s at 9,000 rpm, followed by high-gloss polishing with
diamond-coated gray instruments for 30 s at 6,000 rpm
Finishing with a polishing paste (Zircon Brite) and wool felt polishing wheels for 90 s at 5,000 rpm

was initially polished with silicon carbide papers (280,
360, and 1,000 grit) using a polishing machine (LaboPol,
Struers) for 15 seconds. The treated surfaces were further
polished according to the manufacturers’ instructions
(Table 2). A digital caliper (NB60, Mitutoyo America)
was used to ensure the final thickness (1, 1.5, and 2 +
0.03 mm) of each specimen. The specimens were ultra-
sonically cleaned in distilled water for 10 minutes and
dried gently after polishing.

Initial color coordinate measurements (L*, a*, and b*)
of specimens were performed in a room with daylight
over gray, white, and black backgrounds using a digital
spectrophotometer (CM-26d, Konica Minolta) with an
integrated Commission International de I'Eclairage (CIE)
D65 illuminant and uses the CIE Standard (2-degree) hu-
man observer characteristics.!> The spectrophotometer
was calibrated before measuring each specimen set, and
saturated sucrose solution was used to ensure optical
contact between the specimen and the background. A
single operator (G.P.S.) performed three measurements
on each background for each specimen, and these val-
ues were averaged. Specimens were then subjected to
10,000 cycles of thermal aging (5° to 55°C; 30-second

dwell time; 10-second transfer time; Thermocycler, SD
Mechatronik) in a coffee solution. The coffee solution
was freshly prepared every 12 hours with a ratio of one
tablespoon of coffee (Intenso Roasted and Ground Cof-
fee, Kaffeehof) to 177 mL of water.?? The coffee extracts
were cleansed by brushing the specimens 10 times with
a toothpaste (Nevadent Complex 3, DENTAL-Kosmetik).
Then, the specimens were ultrasonically cleaned for 10
minutes and dried. After coffee thermocycling, color
coordinate measurements were repeated with the same
methods mentioned above. The color difference (AEQO)
values were calculated using the coordinates measured
on the gray background and the following CIEDE2000
color difference formula, with parametric factors set
to 120:

CIEDE2000 = [(AL7/kLSL)2 + (AC7kCSC)2 + (AHY
kHSH)2 +RT(AC/kCSC)AH7KHSH)]1/2

The relative translucency parameter (RTP) value of
each specimen before and after coffee thermocycling
was calculated using the coordinates measured on white
and black backgrounds with the same formula.
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Table 3 AEO0O0 Values

3D-CB 3D-CT 3D-TH G-CAM VE

1-mm specimens

After log conversion 0+ 0.2CPE 0+£0.1¢P -0.2 +0.28¢ -0.4 + 0.278 -0.1+0.28¢

Raw data 1.0+£0.6 1.0+0.3 0.8+0.3 0.5+0.2 09+0.5
1.5-mm specimens

After log conversion 0 + 0.4CPE -0.1 £ 0.28¢P 0.3+0.1F -0.5 + 0.37B —0.2 + 0.378CD

Raw data 1.2+0.7 0.8+04 22+04 0.4+0.2 0.7+0.5
2-mm specimens

After log conversion 0.1+ 0.20F -0.2 + 0.278CD 0.4 +0.1F -0.6+0.3A -0.2 + 0.478CD

Raw data 1.4+0.7 0.7+0.4 24+0.5 0.3+0.2 0.8+0.6
Total

After log conversion 0+0.3¢ -0.1+0.2° 0.2+0.3d -05+0.32 -02+03°

Raw data 1.2+0.7 0.8+0.3 1.8+0.8 0.4+0.2 0.8+0.5

Different superscript uppercase and lowercase letters indicate significant differences among material-thickness pairs and among materials, respectively.

Total values are derived from the pooled data of each thickness within each material (P < .05).

< Clearly unacceptable

< Moderately
unacceptable

AEQO value

---1< Not perceptible but
clinically unacceptable

< Not perceptible

115 2
3D-CB

115 2 115 2 115 2
3D-CT 3D-TH G-CAM
Materials and thickness (mm)

Fig 1 Box-plot graph of raw AEOO values of each material-thickness pair.

Normality of data was evaluated using Kolmogorov Smirnov tests, which
yielded normal distribution for both AEOO and RTP data after logarithmic
transformation. The log-transformed AEOO data was evaluated using two-
way ANOVA and post-hoc Scheffe tests, considering material type and
thickness as main effects and including their interaction. The log-transformed
RTP data was assessed using a generalized linear model test with material
type, thickness, and aging (coffee thermocycling) as main effects, and their
interactions were included. AEQO values were further evaluated using the
previously set thresholds (not perceptible: < 0.8; perceptible but clinically ac-
ceptable: < 1.8; moderately unacceptable: < 3.6; clearly unacceptable: < 5.4;
and extremely unacceptable: > 5.4 units) by Paravina et al.?3 The RTP change
(ARTP) caused by coffee thermocycling was evaluated using the previously
set thresholds (perceptibility = 0.62 units; acceptability = 2.62 units) by
Salas et al.34
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RESULTS

Table 3 summarizes the descriptive
statistics of log-transformed and
raw AEOO values for all materials.
In terms of the effect on AEQO val-
ues, the interaction between the
material type and thickness was
significant, as well as the effect of
material type (P < .001). The AEOO
value was the highest in the 3D-
TH group (P < .004) and lowest in
the G-CAM group (P < .001). In ad-
dition, the VE and 3D-CT groups
had similar AEQO values (P > .050),
which were lower than that of the
3D-CB group (P < .002). Consider-
ing the interaction between the ma-
terial type and thickness, 1.5-mm
and 2-mm 3D-TH specimens had
higher AEOO values than 1-mm 3D-
TH specimens, 3D-CT specimens of
the same thicknesses, and all SM
specimens (P < .036). The 2-mm
G-CAM specimens had lower AEOO
than the 1-mm VE and all AM speci-
mens (P < .029), except 2-mm 3D-
CT specimens (P = .050). Other than
the 1-mm 3D-TH and 1.5-mm and
2-mm 3D-CT specimens (P > .213),
1.5-mm G-CAM specimens had
lower AEOQ than tested AM mate-
rials (P < .006). Figure 1 shows the
raw AEQO values of each material-
thickness pair. Figures 2 to 4 show
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Fig 2 Trend of L* color coordinate change within each material-
thickness pair before and after thermocycling.

how color coordinates change after coffee thermocy-
cling within each material-thickness pair.

Descriptive statistics of log-transformed and raw RTP
values of each material-thickness pair are presented in
Table 4. The main effect of each factor (material type,
thickness, and aging) and their interactions significantly
affected the RTP (P < .001), except for the interaction
among all main factors (P = .110) and the interaction
between thickness and aging (P = .930). Regardless of
the thickness, the RTP of materials were significantly
different from each other (P < .001), with the increas-
ing order of 3D-CT, G-CAM, VE, 3D-CB, and 3D-TH.
Regardless of the material, the RTP values significantly
reduced as specimen thickness increased (P < .001).
Aging by coffee thermocycling significantly increased
the RTP of all materials (P < .001) except for 3D-CT and
VE specimens (P > .380). Figure 5 shows the raw RTP
values of each material-thickness pair under different
aging conditions.

DISCUSSION

Significant differences were observed among the AEOO
values of tested material-thickness pairs. Therefore, the
first null hypothesis was rejected. When AEQO values
were further evaluated according to the previously set
threshold values,?3 only the 1.5-mm and 2-mm 3D-TH
specimens had moderately unacceptable color changes
(AEOO > 2.2). 3D-TH specimens also had the highest
AEOO values among tested materials within these thick-
nesses, except for 3D-CB. Change in color coordinates
may be attributed to this difference because, regardless
of the thickness and condition, 3D-TH specimens had

Fig 3 Trend of a* color coordinate change within each material-
thickness pair before and after thermocycling.
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Fig 4 Trend of b* color coordinate change within each material-
thickness pair before and after thermocycling.

lower L* values, which indicates lower lightness, and had
higher b* values after coffee thermocycling, which indi-
cates a more blueish color. It should also be noted that
1-mm 3D-TH specimens had a mean AEQQ value of 0.8,
which is marginally imperceptible, and a pooled mean
AEOQO0 value of 1.8, which is perceptible but clinically ac-
ceptable. Among the remaining material-thickness pairs,
G-CAM and 1.5-and 2-mm 3D-CT and VE specimens
had imperceptible color change after coffee thermo-
cycling (AEOO < 0.8), while other pairs had perceptible
color change, with the highest mean AEOO value of 1.4.
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Table 4 Mean RTP Values After Log Conversion of Raw Data

Coffee thermocycling

Before After

Thickness After log conversion Raw data After log conversion Raw data

1 mm 1.5 + QP* 294+ 1.1 1.5 + QPA 31406

3D-CB 1.5 mm 1.3 £ QPD* 209+0.9 1.4 + QPPA 23.1+0.4
2 mm 1.2 + 0* 149+ 0.6 1.2 + 0°PA 16.7 +0.4

1 mm 1.3 0% 209+04 1.3 %04 21104

3D-CT 1.5 mm 1.2 £ QPA 145+0.4 1.2 £ QPA 14.3+0.3
2 mm 1+ 0% 10+0.2 1+0% 9.8+0.3

1 mm 1.4 + QE* 322+09 1.3 + 0A 34+08

3D-TH 1.5 mm 1.2 £ QPEx 248+0.5 1.2 £ QPEA 258+ 0.6
2 mm 1.4 +0.1%* 18.6+0.8 1.3 + 0.12EA 19.7 0.6

1 mm 1.4 + OB+ 25+0.6 1.4+ 0BA 257 + 1.1

G-CAM 1.5 mm 1.2 + QbB* 17.6+0.6 1.3 £ QPBA 18.3+0.7
2 mm 1.1 + 0%8* 12+04 1.1 + 0% 125+0.3

1 mm 1.5 + 0 289+13 1.5 + 0 295+12

VE 1.5 mm 1.3 £ 0bC 20912 1.3 £ 0bC 21215
2 mm 1.2 + € 148+ 12 1.2 + %€ 147 +12

Different superscript lowercase letters indicate significant differences among different thicknesses within each material-time interval pair. Different
superscript uppercase letters indicate significant differences among tested materials within each thickness—time interval pair. Different symbols indicate

significant differences between time intervals within each material-thickness pair (P < .05).
Data are presented as mean = SD.

354

254 e
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RTP value
I
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1T 15 2 1T 15 2 1T 15 2 1T 15 2 1T 15 2
3D-CB 3D-CT 3D-TH G-CAM VE

Materials and thickness (mm)

Fig 5 Raw RTP values of each material-thickness pair before (B) and after (A) thermocycling.

In addition, increased thickness did not affect the AEOO values within each
material, other than 3D-TH. Considering these findings, it can be stated that
3D-TH was the most susceptible to discoloration among tested materials; yet,
tested materials may be considered promising in terms of color stability given

s148 The International Journal of Prosthodontics
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the duration of coffee thermocycling
that could be considered excessive in
actual clinical situations.

Regardless of the thickness, G-
CAM had imperceptible color change
and either significantly or nonsignifi-
cantly lower AEQO values than the
other materials. A similar trend was
also observed for VE, even though
the 1-mm specimens had margin-
ally perceptible color change (mean
AE0O0 = 0.9). The fabrication process
of G-CAM and VE may be related
to these findings, as they were the
only SM materials tested in the pres-
ent study and are polymerized under
standardized conditions that involve
high temperature and pressure.'> Wa-
ter absorption leads to the deteriora-
tion of polymeric chains in resin-based
materials."” However, considering that
VE comprises a high ratio of feldspar
ceramic network and the fact that
G-CAM had nonsignificantly lower
AEO0O0 values than VE, it can be specu-
lated that the addition of graphene
increased the discoloration resistance
of G-CAM. This interpretation is in
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line with the results of Cakmak et al,'? as the authors have
also reported imperceptible color change and nonsignifi-
cantly lower AEQO values for G-CAM when compared
with PMMA after coffee thermocycling. Nevertheless, a
study based on the chemical composition of G-CAM is
necessary to substantiate this hypothesis, as the manu-
facturer of G-CAM has not disclosed its composition.

Tested AM composite resins were relatively more sus-
ceptible to discoloration, which could be attributed to
the nature of this manufacturing method. Considering
that AM is based on the accumulation of consecutive
layers, which are polymerized one at a time, residual
monomers and microporosities caused by incomplete
polymerization might have led to higher AEOO values.?
While the differences among the tested AM composite
resins were nonsignificant within 1-mm specimens, 3D-
CT specimens had either significantly or nonsignificantly
lower AEOO values as the thickness increased. Resin vis-
cosity is affected by a wide range of factors related to its
chemical composition.> The 3D-CB viscosity was lower
than that of 3D-TH and 3D-CT, which were within the
same range (80 mPa*s for 3D-CB; 2,800 mPa*s for 3D-
TH; and 2.500 to 6.000 mPa*s for 3D-CT).3>=37 Higher
viscosity might have deteriorated the printing process
and layer unification of 3D-TH when compared with
3D-CB, while the chemical differences between 3D-CT
and other AM composite resins may be associated with
3D-CT’s nonsignificantly lower AEOQ values. However,
the authors are unaware of any studies on the color sta-
bility of tested AM composite resins; thus, comparisons
with previous studies were not possible.

The hydroxyl groups in the resin structure can form
hydrogen bonds with water molecules; consequently, the
proportion of each monomer in the resin determines its
water absorption capacity. Due to the absence of hydroxyl
groups in the structure of bisphenol A ethoxylated dimeth-
acrylate (Bis-EMA), resins containing a high proportion of
this monomer exhibited reduced water absorption.3 The
3D-CT and 3D-TH materials used in the present study
comprise hydrophobic Bis-EMA, while the 3D-CB ma-
terial consists of diurethane dimethacrylate oligomers.
Although the main chemical composition of 3D-TH and
3D-CB materials are urethane acrylate—based, 3D-CT is
a glassfiller-reinforced composite resin for 3D printing.
3D-TH and 3D-CB materials had greater and more per-
ceptible color change than 3D-CT, possibly due to the
differences in chemical composition, including the particle
size and distribution, polarity of monomers, amount of
cross-linking, initiator system, and pigment stability.

Tested material-thickness pairs had different RTP values
before and after coffee thermocycling. In addition, coffee
thermocycling increased the RTP values of 3D-CB, 3D-TH,
and G-CAM. Therefore, the second null hypothesis was
also rejected. Regardless of the condition, the RTP values
of materials were increased in the following order: 3D-CT,

Yilmaz et al

G-CAM, VE, 3D-CB, and 3D-TH. When the ARTP values
were evaluated according to set thresholds,?* 3D-CB and
VE specimens had imperceptible changes (ARTP < 0.5)
and 2-mm 3D-CT and G-CAM specimens had acceptable
changes (ARTP = 2) before coffee thermocycling. After
coffee thermocycling, the differences between 3D-CB
and VE (ARTP < 2), 1-mm 3D-CB and 3D-TH (ARTP =
2.6), and 2-mm G-CAM and VE (ARTP = 2.2) specimens
were acceptable. Increased thickness not only signifi-
cantly reduced the RTP values but also led to unaccept-
able changes (ARTP > 4.5), regardless of the material and
condition. Even though coffee thermocycling increased
the RTP values of 3D-CB, 3D-TH, and G-CAM for each
tested thickness, this effect was either imperceptible or
clinically acceptable (ARTP < 2.2).

Although this study was the first on the translucen-
cy of tested AM composite resins, recent studies have
focused on the translucency of other AM composite
resins indicated for definitive restorations.3"3? One of
those studies concluded that the tested AM resin had a
greater translucency than some of the tested SM com-
posites, 3! while the other study showed that printing
orientation affected the translucency depending on the
resin shade.3? In addition, Agarwalla et al compared the
translucency VE and G-CAM?° and concluded that 1-mm
G-CAM and VE specimens had similar translucency val-
ues, which contradicts the results of the present study.
However, it should be noted that a different formula was
used to calculate translucency values in the other study.?®

Even though significant differences were observed
among tested material-thickness pairs, absence of a
power analysis was one of the limitations of the present
study. In addition, the methodology of coffee thermo-
cycling could not simulate intraoral conditions to its full
extent given that saliva was not included and coffee
was the only discolorant. It should also be emphasized
that coffee thermocycling led to discoloration of both
polished and unpolished specimen surfaces, and this
might have aggravated discoloration. Even though AM
composite resins indicated for definitive restorations are
relatively new, the fact that only five CAD/CAM materials
of a single shade were tested was another limitation.
Also, all AM specimens were printed with a single 3D
printer. Future studies should investigate the optical and
mechanical properties of tested materials when sub-
jected to other discolorants, brushing, and cyclic loading
to broaden the knowledge on their applicability.

CONCLUSIONS

Within the limitations of this in vitro study, the following
conclusions can be drawn:

1. Increased thickness only affected the color change
of 3D-TH groups, as the 1-mm specimens had lower
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values than those of other thicknesses. In addition,
of the 1.5-mm and 2-mm specimens, 3D-TH
showed greater color changes than SM specimens.

2. When reported thresholds were considered, only
1.5-mm and 2-mm 3D-TH specimens had unacc
eptable color change after coffee thermocycling.

3. G-CAM mostly had lower color changes than AM
specimens.

4. Increased thickness led to significantly reduced
translucency for all materials.

5. Coffee thermocycling reduced the translucency of
all materials except 3D-CT and VE.
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