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PURPOSE. The purpose of this in vitro study was to investigate the fracture
resistance, surface hardness, and color stain of 3D printed, CAD-CAM milled,

and conventional interim materials. MATERIALS AND METHODS. A total of 80
specimens were fabricated from auto polymerizing polymethyl methacrylate
(PMMA), bis-acryl composite resin, CAD-CAM polymethyl methacrylate resin
(milled), and 3D printed composite resin (printed) (n = 20). Forty of them were
crown-shaped, on which fracture strength test was performed (n = 10). The
others were disc-shaped specimens (10 mm X 2 mm) and divided into two
groups for surface hardness and color stainability tests before and after thermal
cycling in coffee solution (n = 10). Color parameters were measured with a
spectrophotometer before and after each storage period, and color differences
(CIEDE2000 [DE0O]) were calculated. The distribution of variables was measured
with the Kolmogorov Smirnov test, and one-way analysis of variance (ANOVA),
Tukey HSD, Kruskal-Wallis, Mann-Whitney U tests were used in the analysis of
quantitative independent data. Paired sample t-test was used in the analysis

of dependent quantitative data (P <.05). RESULTS. The highest crown fracture
resistance values were determined for the 3D printed composite resin (P <.05),
and the lowest were observed in the bis-acryl composite resin (P <.05). Before
and after thermal cycling, increase in mean hardness values were observed only
in 3D printed composite resin (P <.05) and the highest AE,, value were observed
in PMMA resin for all materials (P <.05). CONCLUSION. 3D printing and CAD-CAM
milled interim materials showed better fracture strength. After the coffee thermal
cycle, the highest surface hardness value was again found in 3D printing and CAD-
CAM milled interim samples and the color change of the bis-acryl resin-based
samples and the additive production technique was higher than the PMMA resin
and CAD-CAM milled resin samples. [J Adv Prosthodont 2024;16:115-25]
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INTRODUCTION

The use of temporary restorations in dentistry is cru-
cial for maintaining esthetics, stability, and function
during the period before the placement of permanent
restorations. Temporary restorations should possess
mechanical strength to withstand chewing forces,
protect the pulp and periodontium, stabilize the af-
fected tooth, and exhibit good marginal fit and aes-
thetics.!

Their importance lies in their ability to provide im-
mediate esthetic improvement in patients requiring
indirect restorations. Temporary restorations must
not only achieve initial color matching but also re-
tain their esthetics appearance over their service life,
as noticeable discoloration can affect their accept-
ability.2 The discoloration of temporary restorations
can be an esthetic problem, especially when the
treatment plan requires long-term use. Some resins
change color over time and therefore color stability
governs material selection when a long service life is
expected.?

Traditionally, autopolymerized polymethylmeth-
acrylate (PMMA) has been the primary material for
constructing temporary fixed restorations. PMMA has
remained a popular choice due to its adequate chew-
ing force resistance and superior color stability over
time.3 Polyethylmethacrylates (PEMA), introduced in
the 1960s, with slightly lower resistance to chewing
forces and color stability offer advantages and disad-
vantages compared to PMMA.3 More recently, com-
posite-based resins have gained popularity as tempo-
rary restoration materials, offering durability through
cross-linking of polymers after polymerization.3

Today, it is possible to make more durable tempo-
rary restorations with computer aided design/com-
puter aided manufacturing technology (CAD-CAM)
techniques. CAD-CAM milling provisionals shorten the
patient’s sitting time and offer superior mechanical
and physical properties in terms of marginal fit, dura-
bility, and fabrication. In this method, which is based
on the reduction principle, considered as a disadvan-
tage, some of the materials used in production are
wasted from the blocks.*>

In the past ten years, the addition technique-based
3D production has become more and more common
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in modern dentistry. Drill guides for dental implants,
physical models for prosthodontics, orthodontics,
and surgery, dental, craniomaxillofacial, and ortho-
pedic implants, as well as copings and frameworks
for implant and dental restorations are all now avail-
able thanks to 3D printing, which is developing dig-
ital dentistry.® Additionally, it enables rapid produc-
tion of interim repair that is precise and repeatable.”
Three-dimensional addition techniques are based
on the production of the object using layer-by-layer
polymerization of liquid photopolymer in a chamber
with the help of an ultraviolet laser with a strong light
source or an LCD panel.

Despite extensive research on the staining suscepti-
bility and surface hardness of interim restorative ma-
terials,®! there is a lack of studies investigating these
properties specifically in 3D printed materials.

In this study, we aim to compare the fracture
strength, hardness, and color stability of maxillary
15t premolar crowns and specimens produced from
four different temporary materials: autopolymeriz-
ing polyethylmethacrylate (PEMA), bis-acryl compos-
ite resin, CAD-CAM polymethyl methacrylate resin
(milled), and 3D printed composite resin (printed).
Three different production techniques, including auto
polymerization, reduction, and addition methods,
will be assessed. Our hypotheses are that the fracture
strength, hardness, and color stability of 3D printed
composite resin (printed) samples produced using
the addition method will outperform other materials
in this comparative analysis.

MATERIALS AND METHODS

In this study, the fracture strength of the crown-
shaped specimens (n = 40), Vickers hardness values
and the color stability of the disc-shaped specimens
(n=40) before and after the coffee thermal cycle were
investigated from four different temporary restoration
materials (Table 1): autopolymerized PEMA (PEMA),
bis-acryl composite resin (BRC), CAD-CAM PMMA resin
(milled), and photopolymer resin (Printed). All materi-
als are used in color A2 according to the Vita classical
scale (VITA Zahnfabrik, Bad Sackingen, Germany).
First of all, by the aid of 3D computer graphics
program (3DS Max, Autodesk. Inc., San Francisco,
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Table 1. Materials used

Group name Trade name Type Lot number Manufacturer
Milled Tempo CAD Eﬁﬁgﬁ%ﬂy&eﬁhw 21001 Ondent, Izmir, Tiirkiye
Printed Cura Temp Photopolymer resin AKRTB0200023001  Ackuretta, Taipei, Taiwan
PEMA Dentalon Plus  Auto-polymerized acrylic powder/liquid K010036 Kuzler, Hanau, Germany
BRC Prevision Temp  Bis-acrylic auto polymerizing compound 71909103 Kuzler, Hanau, Germany

CA, USA), a maxillary first premolar tooth form was
designed in real sizes based on the dental anato-
my book?®? (Fig. 1A). Then, a die form was prepared
with 6-degree convergence angle, 1 mm wide shoul-
der-type step! and occlusal reduction to provide at
least 1.5 mm material thickness (Fig. 1B) and then a
crown was designed as stereolithography CAD soft-
ware file (STL) for an ideal metal-ceramic crown
preparation (Fig. 1C).

Premolar-shaped crowns and also disc shaped sam-
ples (10 mm X 2 mm), which referred to ADA No.12,13
were milled from the CAD-CAM PMMA block (Tempo
CAD base PMMA blocks; Ondent, Izmir, Tlirkiye) at the
dental laboratory (CMB Dental laboratory, Ankara,

Turkiye) using a CAM-device (Dentifa ECO2 CNC ma-
chine, IFA Machinery, Istanbul, Tirkiye) by the aid of
created Standard Triangle Language (STL) file.

The crown and disc samples were produced by
the STL file with a 100 um layer thickness from pho-
topolymer resin (Printed, Accuretta, Taipei, Taiwan)
with the addition method using the 3D printer (Free-
Shape 120, Accuretta, Taipei, Taiwan). First of all, the
designed crown was positioned perpendicular (90°)
to the production table,'* and the surfaces of the
crown that formed an angle of less than 45 degrees
were supported with rod connections. All crowns
were produced on the same table in 60 minutes and
all disc-shaped samples were produced on the same

Fig. 1. Preparation of crown and die CAD model. (A) Dimensions used in the design of the upper 1t premolars, (B)
Prepared tooth form of the upper 1t premolar designed in 3Ds Max software, (C) Designed crown restoration.
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table in 15 minutes. After production, the specimens
were cleaned in an ultrasonic cleaning device (Ack-
uretta CLEANI Ultrasonic Cleaning Unit, Accuretta,
Taipei, Taiwan) for 5 minutes using isopropyl alcohol
and cured in the UV Box (Acuretta UV Box, Accuretta,
Taipei, Taiwan) oven at a wavelength of 405 nm.

Mold for premolar crown production were produced
from Cr-Co alloy using the laser sintering device (3D
Systems Pro X100, DMP Dental, Denver, CO, USA) (Fig.
2A). In accordance with the manufacturer’s instruc-
tions, acrylic resin was loaded in the mold, previously
isolated with Vaseline, and combined with the metal
die (Fig. 2B, C) till the polymerization was completed
under finger pressure (450 sec.). After the polymer-
ization was complete, the crowns were removed, and
the overhanging material was cleaned (Fig. 2D).

The others were disc shaped and were produced
with the aid of a 10 mm diameter and 2 mm thick
stainless-steel mold according to manufacturer’s in-
structors (PEMA, Kulzer, Hanau, Germany). The stain-
less-steel mold was placed between two glasses and
fixed with the help of hand pressure until the sample
was polymerized.

The crown specimens produced from bis-acrylic
autopolymerizing material were placed in molds pre-
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pared from Cr-Co alloy (Fig. 2B), which was previously
isolated with vaseline, thanks to the automatic mix-
ing system, and the parts were combined and waited
under finger pressure until the polymerization was
completed (3 minutes). The production of crowns
made of autopolymerized acrylic and bis-acrylic auto
polymerizing material was carried out by the same re-
searcher.

The same stainless-steel mold was used to produce
the bis-acrylic autopolymerizing compound disc sam-
ples. Bis-acrylic autopolymerizing compound was
loaded in the stainless-steel mold with the help of the
automatic mixing tip and the mold was fixed between
two glasses and waited for 3 minutes to polymerize.
After the polymerization was completed, the samples
were removed from the mold.

The samples in all groups prepared as discs were
polished by the same researcher under water with SiC
emery at 400, 800, 1200 and 2500 grits, respectively.
The thickness of the polished samples was checked
to see if they were 2 mm = 0.2 mm by measuring with
a digital caliper (HSL 246-15, Karl Hammacher GmbH,
Solingen, Germany).

Universal testing machine (Lloyd LRX Universal Test
Machine, Fareham, England) was used for the fracture

Fig. 2. Removal of crown specimens
made of autopolymerized acrylic
temporary restoration material from
molds and correction of overhanging
material. (A) CAD design of the Cr-Co
mold, (B) Base part of the mold, (C)
Removable part of the mold, (D) Po-
lymerized crown before correction.
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strength test at Ankara University Faculty of Dentist-
ry Research Laboratory (Ankara, Tiirkiye). Samples
were loaded under a standard compression load at
a crosshead speed of 1 mm/minute and the force re-
corded using the universal testing machine (Lloyd
Universal Testing Machine, LRX 2K5, Hants, Fareham,
UK) with a 2500 Newton loaded cell for three minutes.
A plunger with a steel ball (4.24 mm diameter) was
used to transmit the compressive force until fracture
occurred. In this study, the compression force was ap-
plied from the middle of the buccal and palatal cusps
perpendicular to the central fossa by using a steel ball
tip until the crowns were broken.

Surface hardness measurement of 2 mm thick and
10 mm diameter disc samples were made using dig-
ital display microhardness device (HSV-1000, Shang-
hai Shangcai Testing Machine Co., Ltd, Shanghai, Chi-
na). To measure the Vickers hardness value, 100 gf
(0.9810 N) was applied to each sample for 15 seconds.
Three measurements were taken from the centers
and peripheries of each sample before the thermal
cycle, and the averages were taken, and the measure-
ments were repeated in the same way after the coffee
thermal cycle.

In order to compare the color stability of temporary
materials, color measurements of disc samples were
made before and after the coffee thermal cycle. The
optical properties of the specimens were evaluated
using a spectrophotometer (VITA Easyshade V, VITA
Zahnfabrik, Bad Sackingen, Germany). Three color
measurements (from the center and periphery of the
samples) were made from each sample and the aver-
age of L1, al, b1 values were recorded. After the cof-
fee thermal cycle, 3 measurements were made again
from the samples, and the average L2, a2, b2 values
were recorded. Measurements were made between
time 12:00 and 15:00 in the afternoon with the recom-
mendation of the company, adopting a standard col-
or evaluation protocol in a custom-made black box to
mimic the oral environment, and all color measure-
ments were made in the same room under exposure
of sunlight D65 light source. Before each measure-
ment, the device was calibrated by placing it in the
calibration section on the stand and containing a ce-
ramic chamber. 1

Color change values of the specimens were calcu-
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lated by using the CIEDE2000 (AEy,) color difference
formulat:
A \? Ac'\? AH'\? AC' ( AH'

08 = () + () + () -+ rr (£ (1)
where AL', AC', and AH' are the differences in light-
ness, chroma, and hue values between the two sam-
ples compared, respectively. S,, S¢, and S, are the
weighting functions for the lightness, chroma, and
hue values, respectively. K, K, and Ky are parametric
factors that need to be adjusted for different imaging
parameters. In this study, K., K. and K, were set to 1.
The AEy, was evaluated on the basis of perceptibility
and clinical acceptability thresholds, which were set
at AEy 0.8 and AE, 1.8 units, respectively.”

Disc shaped samples prepared in ISO standards
were subjected to coffee (Nescafe Gold, Nestle, Vevey,
Switzerland) thermal cycling (SD Mechatronik Ther-
mocycler, SD Mechatronik GMBH, Westerham, Ger-
many) for 1,000 thermal cycles between 5°C and 55°C
with a dwelling time of 30 s in each bath and a trans-
ferring time of 5 s. Coffee solution was prepared ac-
cording to the manufacturer’s instructions (2 g of cof-
fee per 200 ml of water).

Mean, standard deviation, median, and the low-
est and the highest, frequency and ratio values were
used in the descriptive statistics of the data. The dis-
tribution of variables was measured with the Kolm-
ogorov Smirnov test. One-way ANOVA, Tukey HSD,
Kruskal-Wallis, Mann-Whitney U tests were used in
the analysis of quantitative independent data. Paired
sample t-test was used in the analysis of dependent
quantitative data. Analyses were performed using
SPSS 27.0 program and P < .05 was taken.

RESULTS

The fracture strength values of autopolymerized
acrylic (PEMA) and bis-acrylic autopolymerizing com-
pound (BRC) groups were found to be significantly
lower than photopolymer resin (Printed) specimens
and CAD-CAM PMMA (Milled) groups (P < .05). Max-
imum fracture value did not differ significantly be-
tween PEMA and BRC groups (P > .05). Again, no sig-
nificant difference was found in the fracture strength
values between Printed and Milled groups (P > .05)
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(Fig. 3).

According to Tukey HSD test results, the hardness
value (HV) of BRC and Milled groups were found to be
significantly higher than Printed and PEMA groups be-
fore thermal cycles (P <.05). There was no significant
difference between BRC and Milled groups (P > .05).
Again, no significant difference was found between
Printed and PEMA groups (P >.05).

ANOVA statistical test results revealed that there
was a significant difference between the surface hard-
ness values of the groups (P =.00) (Fig. 4). As per the
Tukey HSD analysis, the HV value of the Milled group
significantly exceeded those of the PEMA and BRC
groups (P <.05). There was no significant difference (P
>.05) in HV value after thermal cycle among Printed,
PEMA and BRC groups.

As per the ANOVA statistical test, thermal cycling
caused significant changes in the surface hardness
of the samples (P < .05). In the Printed group, the
hardness value showed a significant increase after
the thermal cycle (P =.038). In the PEMA and Milled
group, the hardness value after the thermal cycle did
not change significantly, respectively (P =.054) (P =
.327). In the BRC group, the HV value after the ther-
mal cycle decreased significantly (P <.05). In the BRC
group, HV change after the thermal cycle was found
to be significantly different from the Printed group

1400 1 A A
1200 -
1000 -
800 -
600 -
400 -
200 -

Maximum fracture strength values (N)

PEMA Milled BRC
Materials

Printed

Fig. 3. Mean maximum fracture £ SD values of tested
groups. Material codes as shown in Table 1. Mean dif-
ference significant at P <.05; same numbers mean not
statistically different.
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(P <.05). There was no significant difference in HV
change after thermal cycle among Printed, PEMA and
Milled groups (P > .05). HV change did not differ sig-
nificantly among Milled, PEMA and BRC groups after
thermal cycle (P > .05). The change in surface hard-
ness of the temporary materials before and after the
coffee thermal cycle is shown graphically in Fig. 4.

Kruskall-Wallis test revealed that the types of ma-
terials and thermal cycle had a statistically signifi-
cant influence on color stain (P = .00). According to
Mann-Whitney U test; AEy, values in PEMA and Mill-
ing groups were found to be significantly lower than
Printed and BRC groups (P < .05). AEy, value did not
differ significantly between PEMA and Milling groups
(P >.05) and between Printed and BRC groups (P >
.05).

(p=0.038") (p=0.054") (p=0.327") (p=0.001")
34 34 24
so| = | o i |
B ac
b

40

Surface Hardness Values (HV)

Printed PEMA Milled BRC
Materials

W HV Before Thermal Cycle  [HV After Thermal Cycle
Fig. 4. Mean HV % SD values of tested groups before-
after thermal cycle. Material codes as shown in Table 1.
Different uppercase letters denote statistical differences
among materials before thermal cycling. Different lower-
case letters denote statistical differences among materials
after thermal cycling. Different numbers denote statistical
differences before and after thermal cycle comparison
between materials (P <.05) (Paired sample t-test).
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The color change graph of the groups according
to the AEy, formula after the coffee thermal cycle is
shown in Fig. 5. According to the AE,, formula, the
color change of PEMA and Milling groups was found
above the 50% perceptibility value of 0.8 units, but
below the 50% acceptability value of 1.8 units. Print-
ed and BRC materials showed a color change above
50% acceptability value.”

DISCUSSION

The present in vitro study investigated the fracture
strength of the temporary crowns obtained from the
digital techniques (Milled & Printed) and the autopo-
lymerizing acrylic resins (BRC & PEMA). In addition,
surface hardness and color stability of disc samples
produced from the same materials were investigated
after the coffee thermal cycle. Based on the results of
this study, both null hypotheses were rejected.

In order to remove a further influencing factor, a
temporary luting cement was left out on purpose.
It was believed that the luting cement would have
boosted the fracture strength; further research on this
topic is needed.

Acceptability
Perceptibility
357
3 A A
% 2.5 1
0 B
s 2 I
c
(]
(3]
h= 1.5 1 1
5 B
§ 11 J_
0.5 J
0 T — T T
Printed PEMA Milled BRC
Materials

Fig. 5. Mean AEy, & SD values of tested groups after ther-
mal cycling. Material codes as shown in Table 1. Different
uppercase letters denote statistical differences among
materials (P <.05).
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Temporary restorations should have sufficient frac-
ture strength even when they are used for a limited
time. In the present study, Printed had the highest
fracture strength values and also no significant differ-
ence was found between Printed and Milling groups
(P >.05). There are similar studies representing high-
er fractural strength of CAD-CAM provisionals.*1823 |n
a previous study, Karaman et al.?* reported that the
fracture strength was higher in the CAD-CAM PMMA
provisional crowns obtained from the bis-acrylic res-
in and the self-curing composite materials. This result
is also similar to the present study as no significant
difference was found between Printed and Milling
groups (P >.05).

In contrast, there are notable studies indicating the
fracture strength superiority of bisacrylic composite
temporary materials.?>?" In a previous study, Karao-
kutan et al.?" compared bisacrylic composite resin,
Polymethyl methacrylate, and CAD-CAM Highly cross-
linked methyl methacrylate and stated that bisacryl-
ic composite resins showed higher fracture strength
values. Similarly in other studies, Nejatidanesh et
al.®» and Lang et al.?% reported the higher fractural
strength of BRC resins vs PMMA groups and attributed
the finding to difunctional bis-acryl resin composite
materials, and capability of cross-linking with another
monomer chain. This cross-linkage provides strength
and durability of the material. Also, additional inor-
ganic fillers further improve strength and microhard-
ness.

Similar to previous reports,?>28in the present study,
CAD-CAM provisional restorative materials are statis-
tically affected by thermocycling?® and bis-acryl resin
composite materials exhibited superior microhard-
ness over traditional methyl methacrylate resins.?® In
another study, Digholkar et a/.3° reported the highest
microhardness of provisionals produced by 3D print-
ing over CAD-CAM PMMA milling and conventional
method. They stated that composite resins contain
multifunctional cross-linked monomers and other in-
organic fillers to increase the hardness of these resins
compared to PMMA.

In the present study, the hardness values of BRC
disc samples were observed to decrease following ex-
posure to the coffee thermal cycle. However, it’s note-
worthy that even after this thermal treatment, the

121




hardness values of the BRC disc samples remained
higher when compared to the hardness values of the
PEMA material. This difference in hardness can be
attributed to the composition of the materials un-
der investigation. Specifically, the BRC disc samples
contain bis-acryl resin, which incorporates inorgan-
ic fillers into its structure. These inorganic fillers play
a crucial role in enhancing the material’s properties.
The inclusion of these fillers contributes to the BRC
disc samples’ improved resistance to issues such as
polymerization shrinkage and abrasion.® As a result,
the BRC disc samples exhibit greater durability and
hardness in comparison to the PEMA material. The
decrease in hardness values of the BRC disc samples
following the coffee thermal cycle might be attribut-
ed to the effects of heat exposure and potential inter-
actions with the coffee medium. However, the initial
hardness advantage of the BRC disc samples over the
PEMA material persists due to the reinforcing influ-
ence of the inorganic fillers present in their composi-
tion. The increase of hardness values of Printed group
can be explained as during the 3D printing the resin
undergoes a curing process to solidify and form the
desired shape. Exposure to heat, such as the hot cof-
fee, might cause additional curing or cross-linking of
the resin molecules, leading to an increase in surface
hardness. Also, the printed samples are subjected to
thermal cycles with hot coffee followed by cooling,
the resin material undergoes thermal expansion and
contraction. This repeated expansion and contraction
could potentially cause molecular rearrangement
within the resin, resulting in increased density and
surface hardness, and might induce stress relaxation
and healing of these defects, resulting in a denser and
harder surface.

Under the light of the previous studies,® less free
monomer and porosity and more homogenous struc-
ture is the common characteristic of CAD-CAM PM-
MA-based polymers. Therefore, the water absorption
of these materials was lower than that of the hand-
mixed self-cured PMMA resins. This could explain the
superior mechanical properties of CAD-CAM PMMA
based polymers over conventional PMMA resins. Also,
as expected, manually produced temporary materi-
als absorb more water into their structures due to the
polymerization method, higher residual monomer
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ratio, and the presence of high porosity.® This may
explain that the surface hardness values of BRC and
PEMA groups after thermal cycle show lower surface
hardness values than the materials used with CAD-
CAM techniques.

In the present study, the specimens were exposed
to coffee thermal cycle and the mean AEyvalues
were the highest for BRC followed by Printed, Milling
and PEMA. These findings are consistent with those of
the studies that assessed the stain of interim materi-
al5.23’31

In present study, PEMA showed the higher stain-
ing resistance and this can be attributed to the polar
structure of the material.233132 However, in the pres-
ent study, no significant difference in color change
was noted in several measurements between PEMA
and Milled groups as in previous study. Similar to a
previous study,?? in the present study, BRC showed
higher color variation compared to PEMA and Milled.
Bis-acryl resins are two-component materials con-
taining multifunctional methacrylate esters and in-
organic fillers. According to the manufacturer, the
Prevision Temp monomer matrix consists of bis-GMA,
dimethacrylate, and triethylene glycol dimethacrylate
(TEGDMA). TEGDMA is a common comonomer used
to reduce viscosity.3* This monomer mixture for Pre-
vision Temp may explain the low color stability com-
pared to other bis-acryl and methacrylate resins. In
contrast, several studies®33:3° reported the less discol-
oration of BRC materials and showed that using the
automix system instead of hand mixing for BRC might
reduce defects and porosities that might provoke wa-
ter sorption and color change. The composition of the
resin matrix and the polymerization methods have a
great influence on the color stability.3® Color stabili-
ty may vary depending on the chemical and surface
properties of the material.3”*8 Fluid absorption affini-
ty, polymerization rate, surface roughness, and mate-
rial thickness of temporary restoration materials are
among the factors affecting color change in tempo-
rary restoration materials.3"-3°

Edge loss is a phenomenon where the light scat-
tered from the translucent material is normally visible
to the eye but cannot be measured by the instrument.
This is due to the fact that the light from the edge
opening does not return back to the sensor, where

https://jap.or.kr
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it is emitted to the environment. Therefore, in order
to avoid this phenomenon, color measurement was
made from the polished flat surfaces of the disc sam-
ples.4041

Universally, the color change of a material can be
calculated with the AE,, formula. The CIEDE2000 (A
Eq)*? color difference formula does not define a new
color space. It is a new calculation to approximate
the ability of the human eye to distinguish color dif-
ference in CIELAB (L, a, b color space) color space.*?
Therefore, calculations were made using color AE,
difference formulas in the present study with 50:50%
detectability threshold at 95% confidence interval 0.8
units for AE; and the 50:50% acceptability threshold
was accepted as 1.8 units for AE,.1"*3 According to
the AE,, color range formula, while the PEMA group
showed less coloration than the detectability thresh-
old, the Milled group showed coloration between the
perceptibility and acceptability thresholds. Printed
and BRC groups showed coloration above the ac-
ceptability threshold in coffee. The discoloration of
temporary restorations can cause esthetic problems
in long-term use. Although the use of stabilizers has
reduced the chemical discoloration, temporary res-
toration materials tend to absorb liquid.3” Therefore,
they may undergo color change when exposed to col-
ored foods such as tea and coffee in the oral environ-
ment.* Color change can take two forms: external
factors and internal factors. External factors include
plague accumulation in the mouth, surface rough-
ness, diet and surface staining. Polishing the surface
can reduce the influence of these factors. Internal fac-
tors are caused by chemical changes of the material.
It depends on factors such as the polymerization initi-
ator systems used in the material, the polymerization
method applied, and the duration. The coloring in the
material matrix occurs in all layers and cannot be re-
moved by polishing.*

Researchers attributed the low color stability of
the samples produced with the additive manufac-
turing technique to many reasons. In the 3D additive
manufacturing method, there are layers in the sur-
face microstructure depending on the production
technique.*># In addition, it has been stated that the
low level of polymerization of photopolymer resins
compared to other materials*® and the low type and
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amount of photoactivator may be other causes of col-
or stability.*” In the previous study, Tahayeri et al.**
stated that the polymerization level of the photopoly-
mer resins produced by the additive manufacturing
technique is low compared to other materials, even
though post-production curing processes are per-
formed. In the previous study, Berli et al.*® stated that
the water absorption of the samples produced by the
3D additive method using photopolymer resin was
higher than that of PMMA. High water absorptions can
also lead to high color change.*®

A limitation of our study is that the in vivo condi-
tions could not be fully imitated because the fracture
strength of the temporary crowns was measured by
ignoring the chewing forces and thermal changes
in the oral environment. Since the mechanical and
physical properties of temporary materials with the
same chemical content may vary in the products of
different manufacturers, future studies are needed to
examine more temporary restoration materials.

CONCLUSION

The fracture strengths of printed and milled crowns
produced by additive and subtractive CAD-CAM man-
ufacturing techniques were found to be higher than
the fracture strengths of BRC and PEMA crowns ob-
tained by the conventional method (autopolymeriz-
ing). After the coffee thermal cycle, the highest sur-
face hardness value was again found in milled and
printed samples. After the coffee thermal cycle, the
surface hardness of the printed samples increased
significantly, while the surface hardness of the BRC
samples decreased significantly. Surface hardness
values of PEMA and milled samples did not change.
After the coffee thermal cycle, the color change of
the bis acryl resin-based BRC and printed samples
obtained by the additive production technique was
higher than the PEMA and Milled samples.
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