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Effect of Aging on Surface
Roughness and Color Stability of a
Novel Alkasite in Comparison with
Current Direct Restorative Materials

B Yazkan ¢ EU Celik ¢ D Recen

Clinical Significance

Although this novel alkasite is a promising material due to its strong mechanical
properties, as reported in the literature, the material may not be as successful as composite
resins in terms of meeting esthetic expectations.

SUMMARY

Aim: To compare the surface roughness and
color stability of a novel alkasite with current
direct restorative materials with and without
an aging step.

Methods and Materials: Twenty-six specimens
of each of the following materials were pre-
pared: alkasite, ormocer, giomer, high-viscosi-
ty glass ionomer, glass carbomer, and nano-
hybrid composite (control). Half of the
specimens in each group were stained, the
other half of the specimens were aged and then
stained. Color and surface roughness evalua-
tions were conducted at baseline, after aging
and after staining, using a dental spectropho-
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tometer, and a three-dimentional (3D) noncon-
tact optical profilometer, respectively. Statis-
tical analyses were completed using one-way
analysis of variance, post hoc Tukey test, and
paired samples ¢-test.

Results: At baseline and after aging, the sur-
face of alkasite was found to be rougher than
nanohybrid composite and ormocer surfaces
(p<0.05). However, in terms of roughness in-
crease caused by aging, ormocer, nanohybrid
composite, and alkasite were affected in a
similar way (p>0.05). In terms of color stabil-
ity, alkasite was more colored than nanohy-
brid composite and ormocer (p<0.05), and
performed similar to giomer (p>0.05).

Conclusions: The surface roughness and color
stability characteristics of alkasite material
was between composite resins and glass ion-
omer-based materials after aging.

INTRODUCTION

Although composite resin restorations have almost
completely replaced amalgam restorations due to the
alleged mercury toxicity and dark color of the latter,
they do have disadvantages, including technique-
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sensitive adhesive application steps, a susceptibility
to polymerization shrinkage leading to microleak-
age, their high wear rate, and their propensity for
discoloration and cytotoxicity, which are all unre-
solved concerns for clinicians. These concerns have
motivated the search for a new esthetic material
with the ability to withstand occlusal and mastica-
tory forces in the posterior teeth, a low marginal
leakage, high color stability, and longevity.

In an attempt to overcome the drawbacks of
composite resin restorations described above, differ-
ent alternative materials have been developed such
as high-viscosity glass ionomer, giomers, glass
carbomers, and ormocers.! Although some of these
materials have specific advantages, such as accept-
able physical properties, wear resistance, and the
self-adherable bonding ability to dentin of high
viscosity bulk replacement glass ionomers? and glass
carbomers,? satisfying optical properties, antibacte-
rial effects, durability, potential for fast treatment of
giomers,* and high abrasion resistance and biocom-
patibility of ormocers,” composite resins have not
been completely replaced by these alternative re-
storative materials due to their lower mechanical,
esthetic, or color stability properties.

As a result, researchers have long sought a real
alternative to the current direct restorative materi-
als. This sought-after material should be cheap, easy
to use without the need for complicated equipment,
strong, high in compressive strength, and estheti-
cally pleasing.® Recently, Cention N (Ivoclar Viva-
dent, Liechtenstein) has been introduced as an
innovative material with these sought-after fea-
tures. This novel category alkasite restorative
material consists of a separately packaged powder
and liquid.” The liquid contains dimethacrylates and
initiators, while the powder contains various initia-
tors, pigments, and alkaline glass fillers, which
release acid neutralizing fluoride, calcium, and
hydroxide ions when the pH of the oral cavity
decreases.® It is a self-curing material with optional
light-curing, leading to increased strength and
longevity of the restoration.”

In previous studies evaluating this novel alkasite
material, its shear bond strength,® microtensile bond
strength,’® compressive strength,!! and fracture
resistance'? was found similar to composite resins
and higher than glass ionomer-based materials. In
addition, the microleakage of the material in the
enamel-restoration junction was found lower than
composite resins.®'® However, since the demand for
esthetic restorations is increasing, materials with
similar or better surface roughness and color

stability compared to composite resins are required
in restorative dentistry.

There are only three studies in the literature
analyzing the novel alkasite material in terms of
surface roughness and color stability. In one of these
studies, the color stability of the alkasite material
was compared only with a high-viscosity glass
ionomer material'®, and in the others, the surface
roughness of the alkasite was compared with a
composite resin®'® and a glass ionomer-based mate-
rial.? Aging is of great importance in this respect,
and it should be investigated in the literature.
However, it is seen that the effects of aging have
not been evaluated in these studies. Therefore, the
aim of this laboratory study was to compare the
effect of aging on the surface roughness and color
stability properties of this novel alkasite material
with all the current direct restorative alternatives
including composite resin, orcmocer, high-viscosity
glass ionomer, glass carbomer, and giomer. The
tested null hypotheses were that (1) aging would not
affect the surface roughness of alkasite more than
the other tested direct restorative materials, (2)
aging would not affect the color of alkasite more than
the other tested direct restorative materials, and (3)
staining would not affect the color of alkasite more
than the other tested direct restorative materials,
whether aging was performed or not.

METHODS AND MATERIALS
Specimen preparation

A total of 156 disc-shaped specimens (10 mm in
diameter and 2 mm in thickness) were prepared
using a Teflon mold following the manufacturer’s
application instructions, as described in Table 1.
All the materials selected were of the same shade
(A2) (n=26). The materials were placed into the
molds with a slight overflow and covered with a
transparent band (Mylar, DuPont, Wilmington,
DE, USA). The excess material was removed by
applying pressure with a glass lamina measuring 1
mm in thickness. The chemically activated materi-
als were allowed to set for a period of time
according to the manufacturer’s instructions, and
the resin-based materials were polymerized using a
LED lamp at a distance of 1 mm (1000 mW/cm?)
using the standard power curing mode of a VALO
Cordless (Ultradent Products, South Jordan, UT,
USA).

The prepared specimens were stored in distilled
water for 24 hours at 37°C to allow for polymeriza-
tion completion. This rehydration simulated the first
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Table 1: Materials Used for Each Group, Their Composition, and Application Procedure
Groups Material/Manufacturer/ Material Composition Application Procedure
Batch Number
Alkasite Cention N/lvoclar Vivadent AG, Filler: Barium aluminium silicate glass, -Manually mix 2 measuring spoons of
(CN) Bendererstrasse, Schaan, ytterbium trifluoride, isofiller (Tetric N- powder and 2 drops of resin till a
Liechtenstein/W96066 Ceram technology), Calcium barium smooth consistency.
aluminium fluorosilicate glass, Calcium -The mixing time should not exceed 60
fluoro silicate glass. seconds.
Liquid: UDMA, DCP, Tetramethyl- -Leave the material for 10 minutes from
xylylen-diurethane dimethacrylate, PEG-  the start of mixing (no light curing).
400 DMA
Ormocer Admira Fusion x-tra/VOCO GmbH, Resin matrix: Aromatic and aliphatic -Apply the material in layers that are a
(AF) Cuxhaven, Germany/1807658 dimethacrylates, methacrylate- maximum of 4-mm thick,
functionalized polysiloxane Inorganic -Adapt with an instrument and light cure
filler: Barium , aluminum, glass, silicon (20 seconds for shade A2)
dioxide, Photoinitiator:
Camphorquinone
Giomer Beautifil Flow Plus/Shofu Inc, Base resin: Bis-GMA (15 wt%)/ -Apply the material in layers that are a
(BF) Kyoto, Japan/PN2002 TEGDMA (13wt%) resin maximum of 2-mm thick,

Filler: Multi functional glass filler and S-
PRG filler based on
fluroboroaluminosilicate glass.
Photoinitiator: Camphorquinone

-Adapt with an instrument and light cure
(20 seconds for shade A2)

High-viscosity
glass ionomer
(EF)

EQUIA Forte/GC Corp, Tokyo,
Japan/1804061

Liquid: Polyacrylic acid, distilled water,
polybasic carboxylic acid

Powder: Fluoro-alumino-silicate glass,
polyacrylic acid powder, pigment

-Activate the capsule and mix in a high-
frequency mixer.

-Apply EQUIA Forte® directly into the
cavity preparation after mix for 10
seconds on a mixing device.

-Remove excess material.

Glass Carbomer
(GC)

GCP Glass Seal/GCP Dental,
Boelewerf, Ridderkerk, The
Netherlands/71712907

Powder: Fluoroaluminosilicate glass,
apatite
Liquid: Polyacids.

-Activate the capsule and mix in a high-
frequency mixer (GCP CarboMix, GCP
Dental) for 15 seconds.

-Light-cure the material with a high
output light device (GCP CarboLED,
GCP Dental) for 90 seconds.

-Coat the surfaces with GCP gloss
(GCP Dental) and light-cure for 90
seconds.

Nanohybrid
Composite (GS)

GrandioSo/ VOCO GmbH,
Cuxhaven, Niedersachsen,
Germany / 1806497

Inorganic fillers: glass ceramic filler
(particle size 1 um), silicon dioxide
nanoparticles (20-40 nm), Bis-GMA, Bis-
EMA, TEGDMA, initiators, inorganic
pigments, BHT

-Apply the composite resin material in
one increment and light cure for 20
seconds.

Abbreviations: Bis-GMA: bisphenol-A-diglycidyl methacrylate; TEGDMA: triethyleneglycol dimethacrylate; S-PRG filler, surface pre-reacted glass-ionomer filler;
UDMA, urethane dimethacrylate; DCP, tricyclodecan-dimethanol dimethacrylate; PEG-400 DMA, polyethylene glycol 400 dimethacrylate; DMA, dimethacrylate; GIC,
glass ionomer cement; Bis-EMA, ethoxylated bisphenol-A dimethacrylate; BHT, butylhydroxytoluene.

day of service for materials in the oral conditions.
After 24 hours, the specimens were removed from
distilled water and dried. Next, the upper surfaces of
all the specimens were polished with medium (15
seconds), fine (15 seconds), and superfine (15
seconds) aluminum oxide-impregnated discs (Sof-
Lex, 3M Oral Care, St. Paul, MN, USA), respective-
ly, with a 10,000 rpm micromotor set to low speed
and moved with a one-way rotation under light hand
pressure and dry conditions. A new disk was used for
each sample. For the chemically activated materials,
surface coatings were applied as recommended by
the manufacturers. The unpolished lower surfaces of

each specimen were marked with a code name to
identify each sample.

The prepared specimens were randomly divided
into two subgroups (n=13). Half of the specimens in
each group were stained after the baseline measure-
ments. The other half were aged immediately after
the baseline evaluations. The flow diagram of the
study is shown in Figure 1.

Aging of the specimens

Half of the specimens in each group were thermal
loaded (n=13, Figure 1). The specimens were
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Specimen preparation (n=156)

Baseline evaluations
(3d surface topography and roughness analysis and colour measurements) (n=156)

Recording the ‘baseline’ data (n=156)

Aging (n=78)

!

After aging evaluations
(3d surface topography and roughness
analysis and colour measurements)

Recording the *after aging® data

Staining the aged specimens (n=78)

Recording the *after staining’ data

!

Colour stability calculations of aged specimens

Figure 1. The flow diagram of the study.

subjected to 20,000 thermal cycles between 5°C and
55°C with a 60-second dwell time using a thermal
cycler device (ModDental, Esetron Smart Robot-
echnologies, Ankara, Turkey).

Staining of the specimens

Coffee solution was selected for staining. The
solution was prepared by adding a spoonful of
soluble coffee (Nescafe Classic, Nestle, Vevey, Swit-
zerland) to 250 ml of boiling water, which was then
stirred and cooled to room temperature. The staining
process was conducted at room temperature with
daily 3-hour coffee immersion periods, followed by
daily storage in distilled water for 28 days (Figure
1).! The specimens from each group were placed in
separate containers, and the coffee solution in each
container was changed daily. The stained specimens
were removed from the solution and washed for 10
seconds with distilled water, then dried with paper
for 10 seconds before the color measurements.

Staining the non-aged specimens (n=78)

Recording the ‘after staining” data

Colour stability calculations of non-aged specimens

Surface roughness measurement

To determine the surface roughness, a three-dimen-
tional (3D) noncontact optical profilometer (PS50,
Nanovea, Irvine, CA, USA) was used. An area of 1 X
1 square millimeter was used for the roughness
analysis. The scanning process was conducted in steps
of 5 pym for both X and Y directions with a 5 mm/s
velocity. The evaluations of 3D surface roughness were
completed using Mountains Software Version 6.2.7487
(Digital Surf, Besanc¢on, France). Profile roughness
lines were taken from the 3D scanned surfaces.

A surface roughness recording was made after
specimen preparation (baseline) and after aging
(Figure 1).

Color evaluation

Color measurements were performed with a dental
spectrophotometer (VITA EasyShade Advance 4.0,
VITA Zahnfabrik, Bad Sickingen, Germany). The
device was calibrated before starting and after com-
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Table 2:

The Surface Roughness Values (R,) For Each Group at Each Evaluation Point, Intergroup and Intragroup Comparisons
p-Values, and Significant Pairs

Surface Roughness Values

p values

Groups Baseline R, Values After Aging R, Values Intergroup
(After Polishing) Comparisons
p-Values

Alkasite (CN) Mean = SD 0.087 = 0.006 0.139 = 0.005 0.0001"
Med (min-max) 0.085 (0.080-0.094) 0.137 (0.130-0.148)

Ormocer (AF) Mean + SD 0.065 = 0.004 0.120 * 0.005 0.0001"
Med (min-max) 0.064 (0.058-0.072) 0.121 (0.112-0.131)

Giomer (BF) Mean =+ SD 0.084 = 0.005 0.135 = 0.004 0.0001"
Med (min-max) 0.083 (0.077-0.091) 0.136 (0.127-0.142)

High Viscosity Glass Mean = SD 0.128 = 0.005 0.203 = 0.005 0.0001

lonomer (EF) Med (min-max) 0.128 (0.121-0.135) 0.203 (0.195-0.211)

Glass Carbomer (GF) Mean = SD 0.230 = 0.004 0.682 = 0.004 0.001"
Med (min-max) 0.229 (0.225-0.236) 0.681 (0.676-0.689)

Nanohybrid Composite (GS) Mean = SD 0.077 = 0.005 0.129 = 0.007 0.0001"
Med (min-max) 0.075 (0.072-0.087) 0.129 (0.116-0.139)

Intragroup comparisons 0.0001" 0.0001"

Significant pairs

AF & GS, AF & BF, AF &
CN, AF & EF, AF & GF,
GS & BF, GS & CN, GS &
EF, GS & GF, BF & EF,
BF & GF, CN & EF, CN &
GF, EF & GF

AF & GS, AF & BF, AF &
CN, AF & EF, AF & GF,
GS & BF, GS & CN, GS &
EF, GS & GF, BF & EF,
BF & GF, CN & EF, CN &
GF, EF & GF

:Paired samples t-test and repeated-measures ANOVA, p<0.05.
One-way Analysis of Variance (ANOVA), the post hoc Tukey test, p<0.05.

pleting the measurements of every five specimens. The
specimens were placed on a standardized flat white
floor (Leneta Company, Mahwah, NJ, USA) inside of a
black box. Doing so ensured that the spectrophotometer
was the only source of illumination. The tip of the
spectrophotometer was placed perpendicular to the
specimen surface. Color recordings were taken after
specimen preparation (baseline), after aging, and after
the staining of both the nonaged and aged specimens
(Figure 1). All color measurements were conducted by
the same operator (BY).

Three measurements were taken from each spec-
imen, and the averages of the obtained L*, a*, and b
values were recorded. The total color difference (AE)
for each specimen was calculated using the following
equation:

AE* = [(AL+) + (Ad®)? + (Ab*)*)"?

where AL’=L(Final)-L(Initial), Aa =a(Final)—
a(Initial), and Ab =b(Final)-b(Initial).

Statistical analysis

Shapiro-Wilk tests were used for testing normality.
A one-way analysis of variance (ANOVA) was used

for comparisons among the groups. The post hoc
Tukey test was used when the ANOVA determined a
significant difference. For pairwise comparisons, a
paired samples ¢-test and repeated measures AN-
OVA were used. All statistical analyses were
conducted with the IBM SPSS Statistics 25.0. A p-
value of <0.05 was considered significant.

RESULTS
Surface roughness results

Table 2 presents the surface roughness values (R,)
for each group at each evaluation point, the p-values
of surface roughness for intragroup comparisons
(between evaluation points), and intergroup compar-
isons in each evaluation point and significant pairs.
Table 3 presents the values of increased surface
roughness (AR,) after aging for each group and p-
values of AR, for intragroup comparisons and
significant pairs.

At both evaluation points (baseline and after
aging), the surface roughness of alkasite was
significantly higher than ormocer and nanohybrid
composite and significantly lower than high viscosity
glass ionomer and glass carbomer (p<<0.05, Table 2).
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Table 3: The Surface Roughness Increase Values (41R,)
after Aging for Each Group and Intragroup
Comparisons p-Values and Significant Pairs

Roughness Increase
Values After Aging

Groups ARa values
(RaAﬂer aging -Baseline)
Alkasite (CN) Mean = SD 0.052 + 0.007
Med (min-max)  0.056 (0.041-0.063)
Ormocer (AF) Mean = SD 0.056 = 0.006
Med (min-max)  0.057 (0.04-0.062)
Giomer (BF) Mean = SD 0.051 = 0.008
Med (min-max)  0.055 (0.037-0.064)
High Viscosity Mean = SD 0.075 + 0.008

Glass lonomer Med (min-max)  0.057 (0.04-0.062)

(EF)

Glass Carbomer Mean = SD 0.452 + 0.007
(GF) Med (min-max)  0.450 (0.443-0.463)
Nanohybrid Mean = SD 0.053 = 0.001
Composite (GS) Med (min-max)  0.053 (0.029-0.064)
Intragroup 0.0001"
comparisons

p-values

Significant pairs AF & EF, AF & GF, GS
& EF, GS & GF, BF &
EF, BF & GF, CN &
EF, CN & GF, EF &

GF
*One-way analysis of variance (ANOVA), the post hoc Tukey test, p<0.05.

Furthermore, at baseline and after aging, alkasite
and giomer presented similar roughness values
(p>0.05, Table 2).

The aging led to a statistically significant in-
crease in roughness values of all groups (p<0.05,
Table 2). The amount of increase (AR,) in the
roughness of alkasite was the lowest and was
statistically similar to the AR, values of giomer,
ormocer, and nanohybrid composite (p>0.05, Table
3), followed by the AR, values of high viscosity glass
ionomer and AR, values of glass carbomer (p<<0.05,
Table 3).

Figure 2 presents the surface topography images
of the alkasite material at baseline (2a) and after
aging (2b). Additionally, Figure 3 presents the
surface topography images of the glass carbomer
material at baseline (3a) and after aging (3b). The
surface topography of all the specimens was ob-
served to be rougher after aging. Similar topographic
images were obtained in the other groups, except
glass carbomer. The glass carbomer group showed
higher surface deterioration, and, in some areas,
cleavages were observed.

Color stability results

Table 4 shows the values of color change after
aging (AEApTER AcING.BASELINE), after staining of
nonaged specimens (AEApTER STAINING-BASELINE)
and after staining of aged specimens
(AEARTER STAINING-AFTER AGING) for each group,
and the p values of color change values for
intragroup comparisons and significant pairs.

After aging and staining of both nonaged and aged
specimens, the color change of alkasite was found to
be higher than ormocer and nanohybrid composite
(p<0.05, Table 4), similar to the color change of
giomer (p>0.05, Table 4), and lower than the color
change of high-viscosity glass ionomer and glass
carbomer (p<<0.05, Table 4).

Staining with coffee caused more color differences
than aging (p<0.05).

DISCUSSION
Surface roughness

Based on the results of the present study, our first
null hypothesis was rejected, since the surface
roughness increased in all of the groups after aging.

The current study used a 3D noncontact optical
profilometer, which had a higher resolution than a
mechanical stylus and eliminated the possibility of
surface damage from contact with a mechanical
sensor that could cause errors in the results.'® In our
study, the R, values measured after polishing (at
baseline) ranged from 0.065 pm to 0.230 pm.
Although a threshold for unacceptable surface
roughness has not yet been agreed on, it has been
reported that an R, above 0.2 um results in an
increase of plaque accumulation and a higher risk
for caries.!” Other reports found that when the R,
was lower than 0.3 pm, the surfaces were visibly
smooth.'®

Studies have used various methods to simulate the
aging of materials, such as cyclic loading, water
storage, and thermal cycling. The recommended
thermal cycle time ranges from 3000 to 100,000
cycles.'® It has been reported that 10,000 cycles may
represent a 1-year usage period.?° In our study,
20,000 cycles, which are clinically equivalent to
about 2 years of wear, were used for the aging
process.

During thermal cycling, the resin matrix absorbs
water.?! The hygroscopic expansion caused by this
water absorption accelerates the weakening of the
matrix—filler interface. Then, the thermal cycles
cause repeated shrinkages and expansions due to
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Figure 2. Three-dimensional (3D) Optical Profilometery images: a)
alkasite after aging.

differences in the thermal expansion coefficient or
thermal conductivity coefficient between the resin
matrix and filler particles. As a result, the filler
particles become disjoined.??

In this study, the alkasite material exhibited a
smoother surface than glass ionomer-based materi-
als and a rougher surface than composite resins at
baseline and after aging. According to the studies
evaluating the surface roughness of the alkasite
material, similar to the results of our study, the
surface roughness of the alkasite was higher than
that of nanohybrid composite at baseline (after
polishing).” The greater roughness of the alkasite
material compared to the nanohybrid composite at
baseline (after polishing) might be the result of
greater average particle sizes of the Cention N fillers
(0.1-35 pm)??® than composite fillers (0.1-1.0 pm).%*

However, different from the results of the present
study, the mechanical aging (50,000 cycles in
chewing simulator) was reported to affect the surface
roughness of nanohybrid composite more than the
alkasite.? In our study, the samples were aged with a
thermal cycle. The rougher surface of the alkasite
material than nanohybrid composite after thermal

Surface topography of an alkasite at baseline, b) surface topography of an

cycling may be due to the high ion release property of
the material. Water diffusion capacity caused by the
ion release property of the material may cause a
chemical degradation and de-bonding of the matrix.

According to our results, the surface roughness
and surface characteristic of alkasite was between
the composite resins and glass ionomer-based mate-
rials after aging. The smoother surface of alkasite
when compared with the glass ionomer-based mate-
rials may be explained by the dissolution of the
matrix surrounding the glass particles in the glass
ionomers [1,25]. Also, the relatively higher AR,
values of the glass ionomer-based materials when
compared to alkasite and composite resins may be
due to their water absorption capacity.

In the present study, the alkasite material was
affected by the aging process as were nanohybrid
composite, ormocer, and giomer in terms of surface
roughness, which clinically approximated 2 years of
aging. However, the aging process affected the
surface characteristics of glass ionomer-based mate-
rials more than alkasite and composite resins. This
result can be interpreted as the alkasite material
presenting some structural properties similar to
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Figure 3. Three-dimensional (3D) Optical Profilometery images: a) Surface topography of glass carbomer at baseline, b) surface topography of

glass carbomer after aging.

composite resins depending on its composition.
Cention N is a dual-cure restorative material that
contains urethane dimethacrylate (UDMA) in the
liquid. UDMA creates rigid networks, and its stronger
mechanical properties may be attributed to its higher
viscosity and lack of hydroxyl side groups, which are
hydrophobic in nature and consequently exhibit lower
water absorption rates.?® This restorative material
includes a patented filling, which is partially silan-
ized, reducing the contraction stress to a minimum.?’
When attached to the filler particles, silanes improve
the connection between the inorganic filler (the
particles of glass and quartz) and the matrix, since
they can establish a chemical bond between the
surface of the glass and the matrix.?®

Color stability

Within an oral environment, restorative materials
are constantly exposed to staining by food and
beverage colorants as well as changes in tempera-
ture and pH.?® This exposure results in a series of
extrinsic and intrinsic changes in the materials,
ultimately affecting the materials’ physical, mechan-
ical, and esthetic properties.®®

Our second hypothesis and our third hypothesis
were rejected, since not all of the materials reacted
in the same way. After aging and staining, whether
aging was performed or not, the color change of the
alkasite material was higher than that of ormocer
and nanohybrid composite, similar to the color
change of giomer and lower than the color change
of glass ionomer-based restorative materials.

It is currently accepted that a color difference of
AE<1.0 is imperceptible to human eye, while values
of AE>3.3 are regarded as clinically unacceptable.?®
In our study, only ormocer and nanohybrid compos-
ite presented clinically acceptable AE values after
thermocycling (20,000 cycles), and the novel alkasite
material showed clinically unacceptable color chang-
es after aging. Although there are no other studies in
the literature to support the results, alkasite was
found to be less successful in this study in terms of
color stability than composite resin and ormocer.
This result may be associated with the absorption of
large amounts of water that may cause a chemical
degradation of the material, a de-bonding of the
matrix, and the release of residual monomers. The
ion release from a restorative material is known to
be mediated by its capacity for water diffusion.
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Table 4: The Color Change (AE) Values for Each Group, Intragroup Comparisons p-Values, and Significant Pairs

Glass lonomer
(EF)

AE Values
Groups AE AFTER AGING-BASELINE AE AFTER STAINING-BASELINE AE AFTER STAINING-AFTER AGING

Alkasite (CN) Mean = SD 4.44 + 0.158 9.01 + 0.169 7.97 = 0.23

Med (min-max) 4.33 (4.26-4.66) 9.06 (8.76-9.28) 8.05 (7.64-8.28)
Ormocer (AF) Mean = SD 2.34 £ 0.077 6.25 = 0.129 5.86 = 0.144

Med (min-max) 2.31 (2.25-2.48) 6.22 (6.12-6.54) 5.92 (5.58-6.01)
Giomer (BF) Mean = SD 3.83 = 0.154 8.81 = 0.134 7.32 = 0.223

Med (min-max) 3.87 (3.64-4.15) 8.84 (8.56-8.98) 7.32 (6.93-7.64)
High-Viscosity Mean = SD 6.19 = 0.089 11.41 = 0.175 9.40 = 0.114

Med (min-max)

4.33 (4.26-4.66)

9.06 (8.76-9.28)

8.05 (7.64-8.28)

Glass Carbomer  Mean + SD 8.26 + 0.132 14.99 + 0.104 12.03 = 0.172
(GF) Med (min-max)  8.25 (8.05-8.46) 14.99 (14.75-15.19) 12.04 (11.75-12.24)
Nanohybrid Mean = SD 2.57 = 0.097 6.41 = 0.281 474 = 0.19
Composite (GS)  \ed (min-max)  2.57 (2.39-2.76) 6.32 (6.12-7.25) 4.81 (4.42-5.01)
Intragroup 0.0001" 0.0001" 0.0001"
comparisons

p values

Significant pairs

AF & BF, AF & CN, AF & EF,
AF & GF, GS & BF, GS &
CN, GS & EF, GS & GF, BF
& EF, BF & GF, CN & EF,
CN & GF, EF & GF

AF & BF, AF & CN, AF & EF,
AF & GF, GS & BF, GS &
CN, GS & EF, GS & GF, BF
& EF, BF & GF, CN & EF,
CN & GF, EF & GF

AF & BF, AF & CN, AF & EF,
AF & GF, GS & BF, GS &
CN, GS & EF, GS & GF, BF
& EF, BF & GF, CN & EF,
CN & GF, EF & GF

*One-way analysis of variance (ANOVA), the post hoc Tukey test, p<<0.05.
*AE AFTER AGING-BASELINE- Colour Change after aging.

*AE AFTER STAINING-BASELINE: Colour Stabl“ty of nonaged Specimens.

*AE ArTER sTAINING-AFTER AcinG: Colour stability of aged specimens.

On the other hand, although alkasite is an ion-
releasing material, in this study it was found to be
more successful than glass ionomer-based materials
in terms of color stability. In another laboratory
study, parallel with the results of this study, Cention
N showed a higher color stability than glass
ionomers.'* It is thought that the results obtained
may be due to the differences of the setting reaction
of the alkasite material from the setting reaction of
glass ionomers. In addition, alkasite does not contain
polyacrylic acid. Also, satisfying color stability in
alkasite can be attributed to the presence of resin
components in its composition.

In the present study, coffee was used for staining
due to its high capacity. According to Guler and
others,?! the average time for consumption of 1 cup
of coffee is 15 min, and, among coffee drinkers, the
average consumption is 3.2 cups per day. Therefore,
15 days of storage was approximately equal to 1 year
of coffee consumption.

The present study was a laboratory study. There-
fore, one of the limitations was that it did not
precisely simulate clinical conditions. Moreover, the
aging was only performed with thermal cycling. The
responses of these materials to mechanical loads

were not evaluated. Consequently, further clinical
studies are needed to expand the clinical applica-
tions of the tested materials.

CONCLUSIONS

Within the limitations of this study, the following
conclusions were reached:

e The alkasite material performed better than glass
ionomer-based materials, in terms of surface
roughness and color stability after aging.

¢ At baseline (after polishing) and after aging, the
surface of the alkasite material was found to be
rougher than nanohybrid composite and ormocer
surfaces. However, in terms of increased rough-
ness caused by aging, the ormocer, nanohybrid
composite, and the alkasite material were affected
in a similar way.

¢ In terms of color stability, the alkasite material
was more colored than nanohybrid composite and
ormocer, and performed similar to giomer.
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