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Abstract

Background. The various advantages of crown materials produced using three-dimensional (3D) printers
have increased their use in restorative and prosthetic dentistry in recent years. Accordingly, their optical and
mechanical properties have become more important.

Objectives. To evaluate the mechanical, surface and optical properties of crown materials produced with
3D printing and computer-aided design (CAD)/computer-aided manufacturing (CAM), which has recently
been used frequently in the clinic.

Materials and methods. The 3-point bending test was used to evaluate the mechanical properties
of 2 different crown materials produced with 3D printing (Permanent Crown and VarseoSmile Crown Plus)
and a crown material produced using CAD/CAM (Vita Enamic). After the initial color and surface roughness
measurements were made, the specimens were immersed in 4 different solutions.

Results. The most translucent material was VarseoSmile Crown Plus (p < 0.05). In all specimens, coffee
caused the most discoloration (p < 0.05). The effects of the solutions on the roughness were mostly observed
in Permanent Crown specimens (p < 0.05). Vita Enamic showed the highest statistically significant values
in terms of flexural strength (p < 0.05).

Conclusions. The stereolithographic technique among the materials produced by 3D printing can be
recommended for use in restorations due to its higher flexural strength.
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Background

Currently, the use of computer-animated design (CAD)/
computer-aided manufacturing (CAM) devices is becom-
ing increasingly widespread clinically in dental technology.
Computer-animated design/CAM blocks have revolution-
ized the construction of indirect restorations, resulting
in industrially manufacturable, high-performance materi-
als.! Initially, ceramics were the only material option for
making a CAD/CAM restoration. However, today, in addi-
tion to various dental ceramics, temporary and permanent
restorations can also be fabricated using resin composite
materials with CAD/CAM technology.?

Resin composite block materials for dental CAD/CAM
applications are produced by compressing and polymeriz-
ing a filler material and a monomer. The mechanical prop-
erties of the new resin composite blocks, such as flexural
strength, have been improved compared to conventional
resin composite blocks.?

Current CAD/CAM resin composite materials are
available for subtractive manufacturing procedures with
a CAD/CAM milling machine, mostly in the form of in-
dustrially homogeneously produced blocks. These blocks
have been shown to have superior properties compared
to direct resin composite materials. These materials are
used for permanent single restorations. Resin composite-
based CAD/CAM materials consist of a resin composite
polymer matrix and embedded ceramic-based filler par-
ticles.* Computer-animated design/CAM technologies,
as well as rapid prototyping techniques (additive manu-
facturing and 3-dimensional (3D) printing), have a wide
range of applications in many areas of dentistry. One
of the most frequently employed areas of these systems
is prosthetic applications. Currently, 3D printers play
an effective role in facilitating and shortening the chal-
lenging clinical phases in prosthodontic applications and
constitute an important part of the digital workflow.®
Unlike conventional manufacturing, 3D printers offer
faster and more cost-effective production. 3D printers
have been successful in the production of temporary
crown bridge prostheses. However, recently, manufac-
turers have launched products produced with 3D printers
as permanent crown material.

Physical and mechanical properties play a major role
in the long-term clinical success of restorative materi-
als used in dentistry. However, the aesthetic success
of a restoration depends on its capacity to mimic the ap-
pearance of natural teeth — in other words, its optical
properties. The color of natural teeth is due to a com-
bination of the optical properties of enamel and dentin.
Due to the complex optical properties of natural teeth
affecting their color, such as light reflection, diffusion,
absorption, and light transmission, it is very difficult
to achieve aesthetic restorations. Many studies have ex-
amined the optical scattering properties of newly devel-
oped aesthetic materials, such as color, opalescence, hue
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angle, color saturation (chroma), surface gloss, and light
transmittance.®” However, the number of studies evaluat-
ing the color stability of 3D printer-fabricated restorations
remains limited.

Objectives

There are only a few studies®1° that evaluate the me-
chanical and optical properties of newly released crown
materials produced with 3D printers, and the crown mate-
rial has been on the market for a long time. Expected re-
sults from this study will be used to compare the 3D printer
production method with CAD/CAM production in terms
of mechanical and optical properties. Moreover, to ensure
that the clinical success of the restoration is increased, its
life is extended and costs resulting from repetitive res-
torations are avoided, we will identify the material that
has ideal properties according to the results of the study.
This study aimed to evaluate the mechanical, surface and
optical properties of crown materials produced using 3D
printers, which have recently started to be used frequently
in clinics due to their significant advantages, such as ad-
vanced chemical and mechanical properties and ease
of application. The null hypothesis of the study was that
staining solutions would not cause any change in any opti-
cal and surface properties of the materials and that there
is no difference between the materials in terms of optical,
surface and mechanical properties.

Materials and methods

Sample size calculations were performed using the pack-
age program G*Power (v. 3.1.9.6.; Franz Faul, Kiel Univer-
sity, Germany). Based on a 40% effect size, 80% power, 5%
tolerance, and 25% possible data loss, each group com-
prised 14 specimens (n = 14).

This study evaluated the mechanical, surface and optical
properties of 2 different crown materials produced with
a 3D printer (Permanent Crown (PC) and VarseoSmile
Crown Plus (VSCP)), and a crown material produced using
CAD/CAM (Vita Enamic (VE)) (Table 1, Fig. 1,2).

Surface roughness and color stability tests

To evaluate the optical and surface properties of the mate-
rials, disc-shaped specimens (n = 14) with a diameter of 5 mm
and a thickness of 2 mm were prepared from all 3 materials.
Color stability measurements were performed using a spec-
trophotometer (Vita Easyshade V Spectrophotometer; Vita
Zahnfabrik, Bad Sackingen, Germany) to evaluate the optical
properties of the materials. To evaluate the surface roughness
of the materials, a profilometer (Surftest SJ-301-Mitutoyo;
Mitutoyo, Kawasaki, Japan) was used; an area of 100x100 pm?
was determined and surface roughness values were measured
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Table 1. Properties of the materials used in this study

Material Contents eI MRS Manufacturer
color
hybrid ceramic
porous structure — sintered ceramic matrix infiltrated with polymer material Vita Zahnfabrik
Vita Enamic inorganic ceramic 86% by weight: Fine feldspar ceramic enriched with aluminum oxide (58-63% /A1 Bad Sackin enl
silicon dioxide, 20-23% aluminum oxide, 9-11% sodium oxide, 4-6% potassium oxide, 0.5-2% gen.
S . ) ) . Germany
boron trioxide), zirconia <1%, calcium oxide <1%
organic polymer 14% by weight (urethane dimethacrylate, triethylene glycol dimethacrylate)
polymethylmethacrylate
Permanent esterification products of 4,4-isopropylphenol, ethoxylated and 2-methylprop-2enoic acid, /A1 Formlabs,
Crown silanized dental glass, methyl benzoylformate, diphenyl (2,4,6 trimethyl benzoyl) phosphine Somerville, USA
oxide; 30-50% by weight of inorganic filler (particle size 0.7 pm).
hybrid ceramic
VarseoSmile esterification products of 4,40 isopropylidiphenol, ethoxylated and 2-methylprop-2enoic acid, /A1 BEGO, Bremen,
Crown Plus silanized dental glass, methyl benzoylformate, diphenyl (2,4,6 trimethyl-benzoyl) phosphine Germany
oxide; 30-50% total filler by weight.
T - translucent.
Experimental groups Experimental groups
for color stability, translucency for flexural strenght test
and surface roughness tests I
I I I [ I I
Group 1 Group 2 Group 3
Group 1 Group 2 Group 3 Vita Enamic Permanent Crown VarseoSmile Crown Plus
Vita Enamic Permanent Crown VarseoSmile Crown Plus (n=14) (n=14) (n=14)
(n=56) (n=56) (n=56)
Fig. 2. Experimental groups for the flexural strength test
Group 1A Group 2A Group 3A
—{ distilled water — distilled water —{ distilled water
(n=14) (n=14) (n=14) from 3 different planes. The mean of the measurement values
obtained was recorded as the greatest surface roughness
Group 1B Group 28 Group 38 value of that‘spe.amen (ISO 4287).
- coffee - coffee - coffee After the initial color and surface roughness measure-
(n=14) (n=14) (n=14) ments, the specimens were kept in 4 different solutions
(distilled water, coffee, coke, and detox water) for 15 min
th
Group 1C Group 2C Group 3C each day for a total of 14 days (Table 2). On the 7*" day,
— coke — coke — coke color stability and surface roughness measurements were
(=14 (=14 (n=14 made and then placed in the solutions again. On the 14
day, the final color stability and surface roughness mea-
Group 1D Group 2D Group 3D surements were performed.
— detoxwater —| detoxwater — detoxwater The color of the specimens was measured in a standard
(n=14) (n=14) (n=14) . . .
environment, under a standard light source, and on a white
Fig. 1. Experimental groups for color stability, translucency, and surface background with a spectrophotometer according

roughness tests

Table 2. Properties of the solutions used in the study

Solution Manufacturer Contents Preparation

Distilled water - - - 6.74

Nescafe Classic; Nestle,
Vevey, Switzerland

2 g of instant coffee was dissolved

Coffee in 200 mL of hot water

instant coffee, sugar, flavoring, thickener, caffeine 5.66

water, sugar, caramel, phosphoric acid, natural
Coke Coca-Cola, Atlanta, USA 9 phosp ; - 2.90
sweeteners, caffeine

organic watermelon juice (20%), organic strawberry

Organik Smoothie Passion puree (20%), organic banana puree (15%), organic
Detox water Red; Elite Naturel, Ankara, apple puree (15%), organic pear puree (12%), organic - 4.04
Turkey black mulberry puree (12%), organic red beet juice (3%),

organic black carrot juice (3%)

g - gram; mL — milliliter.
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to the CIE-Lab scale, where L* represents the brightness
of the material on a scale from 0 (black) to 100 (white); a*
represents hue and chroma on the red—green axis; and
b* represents hue and chroma on the yellow—blue axis.
The spectrophotometer was properly calibrated before
each measurement, following the manufacturer’s in-
structions. The difference between 2 colored specimens
or 2 time periods is represented as AE* (ISO/TR stan-
dard 28642:1999). L¥ a* and b* values obtained from each
specimen were recorded 24 h after specimen preparation,
on day 7 and day 14. The color stability (AE) between day
7-24 h, day 14-24 h and day 7—day 14 for each specimen
was calculated using the following equation:

AE* = [(AL)? + (Aa)? + (Ab)?]1/2
AE* = [(L*; — L*)* +(a*, — a*)* +(b* — b*p)*]*/2

Three-point bending test

The study evaluated the mechanical properties, surface
roughness, and optical properties of 2 different crown ma-
terials, PC (Formlabs, Somerville, USA) and VSCP (BEGO,
Bremen, Germany) were produced with a 3D printer, and
VE (Vita Zahnfabrik) was produced using CAD/CAM.
The 3-point bending test was used to evaluate the me-
chanical properties of the materials. For this test, speci-
mens 14 mm long, 4 mm wide and 1.2 mm thick were
prepared. For each material group, 14 specimens were
prepared (n = 14). CAD/CAM blocks were cut with a low-
speed water-cooled diamond saw (Miracut 151; Metcon,
Bursa, Turkey) to obtain bar-shaped specimens of these
dimensions. Specimens were prepared with wet silicon
carbide until the desired dimensions were achieved. Mea-
surements were made using a micrometer (Mitutoyo Digi-
matic IP65; Mitutoyo). Specimens were stored dry at room
temperature. Flexural strength values of the materials were
measured using a universal testing machine (Shimadzu IG-
IS; Shimadzu Corp., Kyoto, Japan) using a 3-point bending
test with a support opening of 55 mm and a cross-speed
of 1 mm/min (ISO 4049).

Flexural strength values of the specimens were calcu-
lated using the formula below:

é=3xFxL/2b x d?

é: Flexural strength of the material [kgf/cm?]

F: Load causing breakage [kgf]

L: Distance of test specimen between supports [cm]
b: Width of test specimen [cm]

d: Thickness of the test specimen [cm]

Statistical analyses
Data analysis was performed using IBM SPSS v. 27.0

(IBM Corp., Armonk, USA) and was studied with a 95%
confidence level. Frequency (n) and percentage (%)
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statistics are given for categorical (qualitative) variables,
and mean (mean) and standard deviation (SD) statistics
are given for numerical (quantitative) variables. Two-way
and one-way analysis of variance (ANOVA) tests, which
are parametric testing techniques, and Kruskal-Wallis and
Mann-Whitney tests, which are non-parametric testing
techniques, were used in the study. Additionally, Tukey’s
(homogeneous variance) and Games—Howell (inhomo-
geneous variance) tests were used for intragroup com-
parisons. Bonferroni correction (p/k = 4) was used when
applying the Mann—Whitney test. The one-way ANOVA
test is a testing technique used to compare k-independent
groups (k > 2) in terms of a quantitative variable. Moreover,
the one-way ANOVA test was used to compare variables
with independent groups and their interaction in terms
of a quantitative variable.

Results
Translucency

Material, solution and number of days were statisti-
cally significant in discoloration (p < 0.05). Each material
showed a statistically significant change in translucency
independent of solution type and holding time (p < 0.05).
The most translucent material was determined as VSCP
(p < 0.05). There was a statistically significant difference
compared to other materials. Considering the duration,
there was a difference between the initial translucency
values and the 14t"-day translucency values, but this value
was not statistically significant (p > 0.05) (Table 3).

Color stability (AE)

Material, solution and time had a statistically significant
effect on discoloration in all specimens (p < 0.05). When
the solutions were compared with each other, the amount
of discoloration was different between the solutions
(p < 0.05). Coke and detox water were not statistically dif-
ferent from each other (p > 0.05), while the other solutions
showed significant differences when compared with each
other (p < 0.05). Coffee caused the most discoloration in all
specimens (p < 0.05). Time also had a statistically signifi-
cant effect on discoloration (p < 0.05) (Table 4).

Surface roughness

The effect of solutions on roughness was observed
mostly on PC specimens. Specimens kept in detox water
and coke showed higher roughness compared to the initial
value (p < 0.05). The roughness values of 3 different speci-
men groups were statistically different from each other
(p < 0.05). Vita Enamic specimens showed the least amount
of roughness (p < 0.05) (Table 5).
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Table 3. Means and standard deviations (SDs) of the translucency parameter (TP) of the experimental groups

Measurement periods by groups Distilled water Detox water
VE-initially 545 £1.05 527 £1.77 5.72 £0.99 5.7£2.10
PC-initially 944 +244 10.09 £2.74 7.85+2.81 86+3.16
VSCP-initially 17.25 £3.47 18.18 £5.10 17.74 £523 15.29 £4.04
VE-7t" day 521+0.84 442 £1.05 6.17 £1.57 58+1.38
PC-7th day 946 +2.34 6.66 +£2.60 9.73+243 7.5+2.09
VSCP-7t" day 16.58 £3.54 15.09 £3.52 17.56 £3.19 15.17 £2.98
VE-14" day 4.77 £0.65 456 +£1.12 5.25+1.04 559 +1.03
PC-14" day 8.17 £1.79 6.66 £0.84 8.13£1.74 8.38 £141
VSCP-14™ day 14.82 £4.50 13.86 £2.83 15.85 +4.64 1348 £3.12

VE - Vita Enamic; PC - Permanent Crown; VSCP — VarseoSmile Crown Plus.

Table 4. AE means and standard deviations (SDs) of the experimental groups

Measurement periods by groups Distilled water (@} {1 Detox water
VE-7t" day 0.74 £0.28 6.69 +0.69 3.84 £0.40 3.74 £042
PC-7th day 1.18 £0.33 109 £1.15 521045 5.08 +043
VSCP-7t" day 1.17 £0.31 15.61 £2.10 8.01 £0.62 7.86 £0.93
VE-14™ day 1.08 £0.30 7.86 £0.55 452 +0.54 437 +£0.61
PC-14" day 1.66 £0.35 13.91 £1.71 7.23 £0.48 6.99 £0.37
VSCP-14t day 1.85+0.32 19.54 £1.30 10.6 £1.31 973 +£1.12

VE - Vita Enamic; PC — Permanent Crown; VSCP — VarseoSmile Crown Plus.

Table 5. Surface roughness means and standard deviations (SDs) of the experimental groups

Measurement periods by groups Distilled water Coffee Detox water
VE-initially 0.19 £0.01 0.19 £0.01 0.18 +£0.03 0.19 £0.02
PC-initially 0.17 £0.08 0.16 +£0.07 0.17 £0.06 0.17 £0.03
VSCP-initially 0.33+0.20 0.33 +0.1 0.33+0.14 0.33+0.18
VE-7" day 021 £0.03 0.22 £0.04 0.21 £0.03 0.21 £0.03
PC-7t day 0.20 +£0.08 0.19 +£0.09 030 £0.11 0.26 +£0.06
VSCP-7t day 034 +0.11 033 +0.11 0.39+0.19 030+0.13
VE-14™ day 0.23 +0.06 0.23 +£0.05 0.25 +£0.05 0.23 +£0.04
PC-14t day 0.20 +£0.09 0.18 +£0.08 0.30£0.16 0.26 £0.09
VSCP-14% day 0.35+0.11 0.35+0.10 035 +0.11 0.38 +0.18

VE - Vita Enamic; PC - Permanent Crown; VSCP - VarseoSmile Crown Plus.

Table 6. Flexural strength means and standard deviations (SDs) of experimental groups

Measurement periods by groups

Flexural strength 386.20 £50.55 220.20 +£38.28 39.60 £4.00

VE - Vita Enamic; PC — Permanent Crown; VSCP — VarseoSmile Crown Plus.

Flexural strength strength values of the PC material were statistically signifi-
cantly higher than the VSCP material (p < 0.05) (Table 6).

A statistically significant difference was found between

the groups in the 3-point bending test (p < 0.05). Vita En- . .

amic was the material that showed the highest statisti- Discussion

cally significant values in terms of flexural strength among

the materials (p < 0.05), whereas VSCP exhibited the low- Resin-ceramic hybrid materials are materials whose

est statistically significant values (p < 0.05). The flexural physical properties are very close to those of natural teeth,
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show less wear than composite resin and cause less wear
to the antagonist’s tooth. However, they are more prone
to discoloration, which limits the longevity and quality
of aesthetic restorations.!! In this study, the effect of ex-
posing hybrid ceramic materials produced by different
methods to different staining solutions on the optical and
surface properties of the materials was evaluated. The flex-
ural strength of the materials was also evaluated. Coffee,
coke and detox water were chosen as staining solutions due
to their frequent consumption. The specimens in the con-
trol group were kept in distilled water. According to coffee
producers, it takes an average of 15 min to consume a cup
of coffee.!? Considering this time, the materials were kept
in the solutions for 15 min every day for a total of 14 days.

Considering the data obtained in the case of the study,
staining solutions were observed to cause changes
in the optical and surface properties of the materials.
However, there was a statistically significant difference
between the materials in terms of optical, surface and me-
chanical properties, and the null hypothesis was rejected.
According to our results, the most translucent material
was determined to be VSCP in all experimental groups.
The light transmittance of resin-containing materials is re-
lated to multiple refractions and reflections at the matrix/
filler interface, which is affected by the difference in re-
fractive index between the filler particles and the matrix.!®
The VSCP we used in our study has a low filler ratio and
was the material with the highest translucency. This may
be explained by the view that when a material has a low
filler content, light penetration will be easier.!*

When the discoloration values were examined, cof-
fee caused the most discoloration in all specimens. No
difference was observed between coke and detox water
in terms of discoloration values. Intralavan et al. evalu-
ated the discolorations of VE and VSCP materials after
exposure to distilled water, coffee and coke. In their study,
coffee also caused the most discoloration in the materi-
als.!! Alsilani et al. evaluated the effect of coffee and coke
on the color stability and surface roughness of 3 different
CAD/CAM materials, including VE. In their study, coffee
caused high discoloration in the VE material.'> Sarikaya
et al. compared the color stability of 2 different hybrid
ceramics, including VE, after being immersed in coffee
and energy drinks, and found that coffee caused the most
discoloration in the materials.!'® Abouraya et al. evaluated
the effect of exposure of 3 aesthetic monolithic block ma-
terials, including VE, to coffee, coke and distilled water
on the discoloration of the materials. Vita Enamic material
exhibited the highest discoloration values after being kept
in coffee.l” Our results are consistent with these studies.
In this study, we aimed to evaluate the mechanical and
optical effects that alcohol-free beverages can have on ma-
terials. In addition, we aimed to assess the effects of detox
water, which has begun to be consumed frequently due
to the increasing interest of individuals in healthy nutri-
tion, on the mechanical and optical properties of materials.
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This absorption and penetration of colorants into the or-
ganic phase of the materials is likely due to the compatibil-
ity of the yellow colorants of coffee and the polymer phase.!®
In this study, the specimens immersed in detox water and
coke exhibited higher roughness compared to the initial
value. Chowdhury et al. studied the effect of exposure
of a nanohybrid composite resin to tea, coffee and coke
on the surface roughness and color stability of the material,
and reported the highest surface roughness values were for
specimens immersed in coke.!® Meenakshi et al. evaluated
the effect of 3 different solutions (artificial saliva, orange
juice and coke) on the surface roughness and color stabil-
ity of 2 composite resins. The highest surface roughness
values were observed in coke groups.?’ Escamilla-Gémez
et al. evaluated the relationship between the surface deg-
radation of composite resins immersed in different acidic
solutions and Streptococcus mutans biofilm formation.
Surface degradation of composite resins was found to be
related to the pH of the solution and S. mutans biofilm for-
mation was associated with an increased surface roughness
of composite resins.?! Elwardani et al. evaluated the effect
of exposure of 2 different composite resins to different solu-
tions (coke, orange juice and distilled water) on the surface
roughness and discoloration of the materials. The groups
showing the highest surface roughness were coke groups.??
The surface properties of the composite resin, especially
microhardness and roughness, can be greatly influenced
by the overall chemical composition of beverages, the type
of acid present in their formulation, as well as the strength
of the individual acidic components.?* Furthermore, com-
posite resin materials tend to wear under ascending condi-
tions.2* Researchers have noted that low-pH foods and bev-
erages with acidic properties cause erosive wear of dental
restoration materials. High acidity can have a greater soft-
ening effect on the resin matrix, thereby promoting the dis-
lodging of filler particles and thus increasing the surface
roughness of the composite resin.!? In this study, the so-
lutions with the lowest pH were coke and detox water.
The reason why these 2 solutions caused the highest sur-
face roughness in the materials may be because these solu-
tions have lower pH values than coffee and distilled water.
However, it has been reported that the larger the filler size,
the greater the surface roughness.?> Therefore, the lowest
surface roughness values observed in VE groups in this
study may be due to the smaller size of the fillers in this
material compared to the other 2 materials.

Dayan and Celik Giiven evaluated the flexural strength
and modulus of elasticity of 5 different CAD/CAM blocks,
including VE. They reported that the ceramic-contain-
ing material, IPS e.max®CAD, had the highest flexural
strength and modulus of elasticity values. Although the VE
material contained 86% feldspathic ceramics, contrary
to expectations, it exhibited lower flexural strength than
resin nanoceramics. The researchers explained that this
is because the ceramic part of the VE material contains po-
rous feldspathic porcelain, unlike other hybrid materials.?®
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This study aimed to compare this disadvantage, which may
affect the flexural strength of VE, with hybrid ceramic
materials produced with 3D printers.

In this study, crown materials produced with 3D printing
showed lower flexural strength values compared to the VE
material produced using CAD/CAM. Digholkar et al. eval-
uated the flexural strength and microhardness of tem-
porary restorative materials produced with 3D printing,
CAD/CAM technology and traditional methods. They
reported that the material produced using CAD/CAM
showed the highest flexural strength values. This result
is consistent with our study. The researchers reported that
the reason why the material produced with CAD/CAM
showed the highest flexural strength values may be due
to the provision of optimum curing conditions.?” Research-
ers have noted that the nature of the incremental layers
in additive manufacturing technology can initiate crack
propagation and cause structural failure of the material.
The bond between layers is weaker than the bond within
the layer itself. This is explained by the number of residual
stresses and pores that accumulate during ultraviolet po-
lymerization application and material shrinkage.?® Park
etal. evaluated the flexural strength of resin materials pro-
duced with 3D printing and found that the material pro-
duced with the stereolithography (SLA) technique exhib-
ited higher flexural strength values. The researchers stated
that the reason for the higher flexural strength of the mate-
rial produced with the SLA technique is the surface mor-
phology of the printed material. The surface of the mate-
rial has a smoother structure as each layer is completed
as if it is drawn with a laser beam during production with
the SLA technique. In an area where the bond between
layers is weak, if the surface is rough, fracture occurs faster.
For this reason, the smoother surface of the material is ef-
fective in high flexural strength values.?® The PC material
produced with the 3D printer examined in this study was
produced using the SLA technique. Because the flexural
strength values of this material were higher than the VSCP
material, one can conclude that the production of this ma-
terial using SLA may be the reason.

Limitations

This study has some limitations due to the nature
of in vitro research. While restorative materials are ex-
posed to staining agents from food and drink in the oral
cavity, they are constantly rinsed with saliva and brushed
with oral hygiene techniques. These factors may affect
the coloration of the materials or the roughness that may
occur on the surface. Although this study does not include
these procedures, it is among the limited number of studies
evaluating the optical and mechanical properties of crown
materials produced with 3D printers.
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Conclusions

Since coffee causes the most color change in all ma-
terials, it can be suggested that patients with this type
of restoration should be careful in terms of coffee con-
sumption. Since VE has low roughness values, it can be
recommended for dental restorations because it is advan-
tageous in terms of fewer problems such as discoloration
and plaque accumulation in the selection of restorative
materials. It can be concluded that materials produced
using the SLA technique among the materials produced
with 3D printing can be recommended for restorations
due to their higher flexural strength. Further studies are
needed to evaluate the clinical success of the materials
examined in this study.

Supplementary data

The Supplementary materials are available at https://
doi.org/10.5281/zenodo.11922634. The package includes
the following files:

Supplementary Fig. 1. Experimental groups as tested for
color stability, translucency and surface roughness tests.

Supplementary Fig. 2. Experimental groups as tested for
flexural strength test.

Supplementary File 1. Statistical analysis report.

Supplementary Table 1. Properties of the materials used
in this study.

Supplementary Table 2. Properties of the solutions used
in the study.

Supplementary Table 3. Means and SDs of the TP of
the experimental groups.

Supplementary Table 4. AE means and SDs of the ex-
perimental groups.

Supplementary Table 5. Surface roughness means and
SDs of the experimental groups.

Supplementary Table 6. Flexural strength means and
SDs of the experimental groups.

Data availability

The datasets generated and/or analyzed during the cur-
rent study are available from the corresponding author
on reasonable request.

Consent for publication

Not applicable.
ORCID iDs

Emre Tokar @ https://orcid.org/0000-0003-2985-3499

Merve Nezir @ https://orcid.org/0000-0001-8902-5471
Serdar Polat @ https://orcid.org/0000-0003-0442-5789
Suat Ozcan @ https://orcid.org/0000-0001-8782-2899


https://doi.org/10.5281/zenodo.11922634
https://doi.org/10.5281/zenodo.11922634

820

References

1.

Erzincanh A, Ozkurt Kayahan Z, Kazazoglu E. Hybrid ceramics for
prosthetic treatment [in Turkish]. in: Ozdemir AK, ed. Prosthetic
Materials and Current Applications. Ankara, Turkey: Turkiye Klinikleri;
2020:17-22. https://www.turkiyeklinikleri.com/article/en-protetik-
tedavide-hibrit-seramikler-91041.html. Accessed December 15, 2023.
Pfeffer S, Jacker-Guhr S, Geurtsen W, Pfeffer TA, Lihrs A. Microten-
sile bond strength of luting cements to a 3D printable composite:
Aninvitro study. Sust Dent. 2020;2:229-239. https://www.online-dzz.
com/fileadmin/user_upload/OA_Microtensile_bond_strength.pdf.
Accessed December 15, 2023.

Miura S, Fujisawa M. Current status and perspective of CAD/CAM-
produced resin composite crowns: A review of clinical effectiveness.
Jpn Dent Sci Rev. 2020;56(1):184-189. doi:10.1016/].jdsr.2020.10.002
Zimmermann M, Ender A, Egli G, Ozcan M, Mehl A. Fracture load
of CAD/CAM-fabricated and 3D-printed composite crowns as a func-
tion of material thickness. Clin Oral Invest. 2019;23(6):2777-2784.
doi:10.1007/s00784-018-2717-2

Murat S, Batak B. Use of three-dimensional printers in prosthetic
applications [In Turkish]. in: From Three-Dimensional Imaging to Three-
Dimensional Printing in Dentomaxillofacial Radiology. Ankara, Turkey:
Turkiye Klinikleri; 2022:37-45. https://www.turkiyeklinikleri.com/
article/tr-uc-boyutlu-yazicilarin-protetik-uygulamalarda-kullanimi-
99347.html. Accessed December 15, 2023.

Yilmaz S, Egilmez F. Optical properties of polymer-based CAD/CAM
materials [in Turkish]. Selcuk Dent J. 2021;8(2):580-590. doi:10.15311/
selcukdentj.676441

Kul E, Abdulrahim R, Bayindir F, Matori KA, Gul P. Evaluation of
the color stability of temporary materials produced with CAD/CAM.
Dent Med Probl. 2021;58(2):187-191. doi:10.17219/dmp/126745
Paradowska-Stolarz A, Wieckiewicz M, Kozakiewicz M, Jurczyszyn K.
Mechanical properties, fractal dimension, and texture analysis
of selected 3D-printed resins used in dentistry that underwent the com-
pression test. Polymers (Basel). 2023;15(7):1772. doi:10.3390/polym
15071772

Paradowska-Stolarz A, Malysa A, Mikulewicz M. Comparison of the com-
pression and tensile modulus of two chosen resins used in dentist-
ry for 3D printing. Materials (Basel). 2022;15(24):8956. doi:10.3390/
ma15248956

. Paradowska-Stolarz AM, Wieckiewicz M, Mikulewicz M, et al. Com-

parison of the tensile modulus of three 3D-printable materials
used in dentistry. Dent Med Probl. 2023;60(3):505-511. doi:10.17219/
dmp/166070

. Intralawan N, Wasanapiarnpong T, Didron PP, Rakmanee T, Klaisiri A,

Krajangta N. Surface discoloration of 3d printed resin-ceramic
hybrid materials against various stain beverages. J Int Dent Med Res.
2022;15(4):1465-1471. https://www.jidmr.com/journal/wp-content/
uploads/2022/12/9-D22_1915_Nantawan_Krajangta_Thailand.pdf.
Accessed December 15, 2023.

. Guler AU, Yilmaz F, Kulunk T, Guler E, Kurt S. Effects of different

drinks on stainability of resin composite provisional restorative
materials. J Prosthet Dent. 2005;94(2):118-124. doi:10.1016/j.prosdent.
2005.05.004

. GUth JF, Zuch T, Zwinge S, Engels J, Stimmelmayr M, Edelhoff D.

Optical properties of manually and CAD/CAM-fabricated polymers.
Dent Mater J. 2013;32(6):865-871. doi:10.4012/dm;j.2013-099

. Cekic-Nagas |, Ergun Vallittu PGK, Lassila VJL. Influence of polym-

erization mode on degree of conversion and micropush-out bond
strength of resin core systems using different adhesive systems.
Dent Mater J. 2008;27(3):376-385. d0i:10.4012/dm;.27.376

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

E. Tokar et al. Crown materials produced by 3D printer

. Alsilani RS, Sherif RM, Elkhodary NA. Evaluation of colour stabili-

ty and surface roughness of three CAD/CAM materials (IPS e.max,
Vita Enamic, and PEEK) after immersion in two beverage solutions:
Aninvitro study. Int JAppl Dent Sci. 2022;8(1):439-449. d0i:10.22271/
oral.2022.v8.i19.1460

. Sarikayal, Dilli H. The effects of coffee and energy drink on color stabil-

ity of hybrid ceramics. Eur Ann Dent Sci. 2021;48(1):18-22. d0i:10.52037
/eads.2021.0006

Abouraya N, Sabry H. Color stability of three esthetic monolithic
block materials afterimmersion in commonly consumed beverages.
EgyptDent J.2022;68(4):3761-3770.doi:10.21608/edj.2022.161015.2244

. Alharbi A, Ardu S, Bortolotto T, Krejci |. Stain susceptibility of com-

posite and ceramic CAD/CAM blocks versus direct resin composites
with different resinous matrices. Odontology. 2017;105(2):162-169.
doi:10.1007/s10266-016-0258-1

. Chowdhury D, Mazumdar P, Desai P, Datta P. Comparative evalua-

tion of surface roughness and color stability of nanohybrid com-
posite resin after periodic exposure to tea, coffee, and coca-cola:
An in vitro profilometric and image analysis study. J Conserv Dent.
2020;23(4):395. d0i:10.4103/JCD.JCD_401_20

Meenakshi C, Sirisha K. Surface quality and color stability of poste-
rior composites in acidic beverages. J Conserv Dent. 2020;23(1):57.
doi:10.4103/JCD.JCD_291_19

Escamilla-Gomez G, Sanchez-Vargas O, Escobar-Garcia DM, et al.
Surface degradation and biofilm formation on hybrid and nano-
hybrid composites after immersion in different liquids. J Oral Sci.
2022;64(4):263-270. doi:10.2334/josnusd.22-0085

Elwardani G, Sharaf AA, Mahmoud A. Evaluation of colour change
and surface roughness of two resin-based composites when exposed
to beverages commonly used by children: An in-vitro study. Eur Arch
Paediatr Dent. 2019;20(3):267-276. d0i:10.1007/s40368-018-0393-1
Reddy PS, Tejaswi KS, Shetty S, Annapoorna B, Pujari SC, Thippeswa-
my H. Effects of commonly consumed beverages on surface rough-
ness and color stability of the nano, microhybrid and hybrid compos-
ite resins: An in vitro study. J Contemp Dent Pract. 2013;14(4):718-723.
doi:10.5005/jp-journals-10024-1390

Ozdemir B, llday NO, Ozdemir SB, Suleyman F, Duymus ZY. The effect
of erosive beverages and polishing systems on the surface proper-
ties of nanohybrid composite resin. Niger J Clin Pract. 2022;25(3):248.
doi:10.4103/njcp.njcp_1361_21

Yikilgan i, Akgul S, Hazar A, Kedici Alp C, Baglar S, Bala O. The effects
of fresh detox juices on color stability and roughness of resin-based
composites. J Prosthodont. 2019;28(1):e82-e88. d0i:10.1111/jopr.12759
Dayan SC, Celik Guiken M. Evaluation of flexural strength and elastic-
ity nodules of different CAD/CAM blocks [in Turkish]. Turkiye Klinikleri
JDental Sci. 2020;26(1):36—-42. doi:10.5336/dentalsci.2019-65318
Digholkar S, Madhav VNV, Palaskar J. Evaluation of the flexural
strength and microhardness of provisional crown and bridge mate-
rials fabricated by different methods. JIndian Prosthodont Soc. 2016;
16(4):328. doi:10.4103/0972-4052.191288

Alharbi N, Osman R, Wismeijer D. Effects of build direction on
the mechanical properties of 3D-printed complete coverage interim
dental restorations. J Prosthet Dent. 2016;115(6):760-767. doi:10.1016/j.
prosdent.2015.12.002

Park SM, Park JM, Kim SK, Heo SJ, Koak JY. Flexural strength of 3D-print-
ing resin materials for provisional fixed dental prostheses. Materials
(Basel). 2020;13(18):3970. doi:10.3390/ma13183970


https://www.turkiyeklinikleri.com/article/en-protetik-tedavide-hibrit-seramikler-91041.html
https://www.turkiyeklinikleri.com/article/en-protetik-tedavide-hibrit-seramikler-91041.html
https://www.online-dzz.com/fileadmin/user_upload/OA_Microtensile_bond_strength.pdf
https://www.online-dzz.com/fileadmin/user_upload/OA_Microtensile_bond_strength.pdf
https://www.doi.org/10.1016/j.jdsr.2020.10.002
https://www.doi.org/10.1007/s00784-018-2717-2
https://www.turkiyeklinikleri.com/article/tr-uc-boyutlu-yazicilarin-protetik-uygulamalarda-kullanimi-99347.html
https://www.turkiyeklinikleri.com/article/tr-uc-boyutlu-yazicilarin-protetik-uygulamalarda-kullanimi-99347.html
https://www.turkiyeklinikleri.com/article/tr-uc-boyutlu-yazicilarin-protetik-uygulamalarda-kullanimi-99347.html
https://www.doi.org/10.15311/selcukdentj.676441
https://www.doi.org/10.15311/selcukdentj.676441
https://www.doi.org/10.17219/dmp/126745
https://www.doi.org/10.3390/polym15071772
https://www.doi.org/10.3390/polym15071772
https://www.doi.org/10.3390/ma15248956
https://www.doi.org/10.3390/ma15248956
https://www.doi.org/10.17219/dmp/166070
https://www.doi.org/10.17219/dmp/166070
https://www.jidmr.com/journal/wp-content/uploads/2022/12/9-D22_1915_Nantawan_Krajangta_Thailand.pdf
https://www.jidmr.com/journal/wp-content/uploads/2022/12/9-D22_1915_Nantawan_Krajangta_Thailand.pdf
https://www.doi.org/10.1016/j.prosdent.2005.05.004
https://www.doi.org/10.1016/j.prosdent.2005.05.004
https://www.doi.org/10.4012/dmj.2013-099
https://www.doi.org/10.4012/dmj.27.376
https://www.doi.org/10.22271/oral.2022.v8.i1g.1460
https://www.doi.org/10.22271/oral.2022.v8.i1g.1460
https://www.doi.org/10.52037/eads.2021.0006
https://www.doi.org/10.52037/eads.2021.0006
https://www.doi.org/10.21608/edj.2022.161015.2244
https://www.doi.org/10.1007/s10266-016-0258-1
https://www.doi.org/10.4103/JCD.JCD_401_20
https://www.doi.org/10.4103/JCD.JCD_291_19
https://www.doi.org/10.2334/josnusd.22-0085
https://www.doi.org/10.1007/s40368-018-0393-1
https://www.doi.org/10.5005/jp-journals-10024-1390
https://www.doi.org/10.4103/njcp.njcp_1361_21
https://www.doi.org/10.1111/jopr.12759
https://www.doi.org/10.5336/dentalsci.2019-65318
https://www.doi.org/10.4103/0972-4052.191288
https://www.doi.org/10.1016/j.prosdent.2015.12.002
https://www.doi.org/10.1016/j.prosdent.2015.12.002
https://www.doi.org/10.3390/ma13183970

	Evaluation of optical and mechanical properties of crown materials produced by 3D printing

