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Abstract

Background. The impact of toothbrushing on the surface and optical properties of multilayer zirconia is
unknown.

Objectives. The aim of this in vitro study was to evaluate the effect of finishing procedures on the surface
roughness (SR) and relative translucency (RT), as well as the effect of toothbrushing on SR, RT, color
difference (AEq), and gloss (Agloss) of multilayer zirconia stabilized with 5 mol% of yttrium oxide (5Y-TZP)
following polishing or glazing.

Material and methods. Thirty specimens were fabricated from the cervical layer of pre-sintered blocks
of 5Y-TZP. The specimens were divided into 3 groups (n = 10/group): control (C); polishing (P); and glazing
(G). The surface roughness was evaluated with a confocal laser microscope, and the RT, AFgy and Agloss
were assessed with the use of a spectrophotometer. A total of 50,000 cycles of toothbrushing (2 Hz, 2.5 N)
were performed using a dentifrice slurry. The linear mixed-effects model and Bonferroni test (a = 0.05)
were employed to analyze SR and RT. The color change and Agloss were assessed using the one-way analy-
sis of variance (ANOVA) and Tukey’s post hoc test (a = 0.05).

Results. The finishing procedures had an influence on SR and RT. The polishing process did not affect
SR and increased RT, while the glazing process resulted in an increase in SR and a decrease in RT in the
multilayer 5Y-TZP The impact of toothbrushing on SR was not significant (p = 0.052). However, decreased
RT was observed in the P group (p < 0.05), while an increase in RT was noted in the G group (p < 0.001).
Additionally, the G group presented the highest mean values for A, as well as for the difference in
lightness (AL*), the red/green axis (Aa*) and the yellow/blue axis (Ab*). No statistically significant
differences were observed among the groups for Agloss (p = 0.646).

Conclusions. The polishing processincreased RT and resulted in the lowest AFq values after toothbrushing.
In contrast, the glazing procedure increased SR and decreased RT, while also promoting the most prominent
variation in color parameters after toothbrushing. Toothbrushing with a conventional dentifrice did not
influence SR and gloss; however, it led to clinically observable color variations and affected RT of the
multilayer 5Y-TZP polycrystals.
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Highlights
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* Finishing procedures and toothbrushing significantly influence the properties of multilayer zirconia stabilized with

5 mol% of yttrium oxide (5Y-TZP).

* Polishing improved translucency, maintained surface smoothness, and showed minimal color variation after brushing.
* Glazing increased roughness, reduced translucency, and resulted in the greatest color change after brushing.

Although brushing did not alter surface roughness or gloss, it caused perceptible changes in color and translucency.

* Color variations in all groups exceeded clinical acceptability limits, emphasizing the importance of selecting
appropriate finishing procedures to ensure the long-term esthetic stability of zirconia restorations.

Introduction

Dental zirconia has been increasingly used as a pros-
thetic restorative material in computer-aided design
(CAD) and computer-aided manufacturing (CAD/CAM).
The material is widely utilized for tooth- and implant-
supported restorations,! and can be implemented in 2 differ-
ent forms: porcelain-veneered zirconia; and monolithic
zirconia.>~* Failures such as chipping and porcelain frac-
ture have been reported in porcelain-veneered zirconia
restorations.?”> Monolithic zirconia restorations, which
are anatomically contoured restorations fabricated by
CAD/CAM, have been proposed to prevent veneer chip-
ping or porcelain fracture, and provide excellent strength
with minimal tooth reduction.?¢-8 The quality of zirconia-
based restorations also depends on the bonding effective-
ness of the zirconia surface and the adhesive system. Some
authors have reported that bonding effectiveness can be
enhanced through the use of single-component universal
adhesive’ and laser.!”

Zirconia has been marketed with different yttria con-
tent. Zirconia partially stabilized with 3 mol% of yttrium
oxide (3Y-TZP) exhibits high opacity and is intended
for manufacturing frameworks for porcelain-veneered
zirconia restorations. Zirconia partially stabilized with
4 mol% of yttrium oxide (4Y-TZP) presents an increase
in the yttria content, and, in consequence, increased
amount of cubic phase, grain size and translucency.
Zirconia stabilized with 5 mol% of yttrium oxide (5Y-TZP)
exhibits the highest yttria content, with a maximum
of 53% of the cubic phase, which is isotropic. In addition,
cubic crystals are larger than tetragonal crystals, which
has been shown to reduce the number of grain boundar-
ies that are the source of light scattering. This decrease
leads to enhanced translucency in anterior monolithic
zirconia restorations.>* In addition, the color of the
prosthetic restoration is an important aspect that signif-
icantly affects the success of the treatment.!! Monolithic
zirconia exhibits a whitish shade; however, matching
the aesthetics of natural teeth remains a challenge.!>~14
To address this need, a novel multilayer monolithic zirconia
has been developed.

Multilayer zirconia can have a polychromic or hybrid
composition. Polychromic multilayer zirconia presents
a color gradient by adding different pigments in the cervical
and incisal layers of the 5Y-TZP block, while hybrid multi-
layer zirconia comprises different generations of zirconia
in the dentine (3Y-TZP or 4Y-TZP) and enamel (5Y-TZP)
layers of the hybrid block.®1> A previous study investigated
the microstructure, as well as the physical and mechani-
cal properties of polychromic multilayer zirconia and con-
cluded that this material is suitable for fixed prosthetic
restorations.'® Monolithic restorations manufactured with
the use of polychromic multilayer 5Y-TZP require finishing
procedures to improve aesthetics,'” ensure color stability,'
reduce surface roughness (SR),!° minimize biofilm forma-
tion,?? and mitigate antagonist wear.?! Although manufac-
turers recommend both polishing and glazing for mono-
lithic zirconia restorations, there is no well-established
method for finishing procedures, and their impact on color
difference remains unclear.!”?? It has been established
that 4Y-TZP presents a less enduring glazing layer against
toothbrushing compared to reinforced glass ceramics.?®

Toothbrushing with a dentifrice is an important com-
ponent of oral hygiene. However, this process can result
in a superficial abrasion and cause color differences in
restorative materials.?*~?” Color differences must be evalu-
ated using perceptibility and acceptability thresholds as
quality control tools to predict the clinical performance
of these restorative materials.?#? A number of studies
have investigated the effects of toothbrushing on the color
difference and SR of 3Y-TZP2>-273031 and 5Y-TZP.2"32
However, the studies that evaluated 5Y-TZP used extrin-
sic staining, and there is no data concerning the effects
of toothbrushing on multilayer 5Y-TZP.

Therefore, the purpose of the present study was to eval-
uate the effect of finishing procedures on SR and relative
translucency (RT), as well as the influence of toothbrush-
ing on SR, RT, color difference (AEq), and gloss (Agloss)
of multilayer 5Y-TZP following polishing or glazing. The
research hypotheses were as follows: (1) the finishing pro-
cedures (polishing or glazing) would have an effect on
SR and RT of multilayer 5Y-TZP; and (2) toothbrushing
would have an impact on SR, RT, AEy, and Agloss of pol-
ished and glazed multilayer 5Y-TZP.
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Material and methods

Thirty specimens were fabricated from the cervical layer
of 5Y-TZP (ceramill® zolid fx multilayer, LOT 1708000;
Amann Girrbach AG, Koblach, Austria) (Table 1).
Pre-sintered blocks of 5Y-TZP were cut with a diamond disk
(Diamond Wafering Blade; Allied High Tech Products,
Inc., Cerritos, USA) in a high precision cutter (IsoMet
1000 Precision Cutter; Buehler, Lake Bluff, USA) under
water cooling. The specimens were manually finished
with 25-um grit sandpaper (211Q; 3M ESPE, St. Paul,
USA) (pre-sintered specimens’ dimensions: 6.0 mm
x 6.0 mm x 1.8 mm), and then sintered in a furnace
(inFire HTC Speed; Dentsply Sirona, Charlotte, USA)
with a maximum temperature of 1,450°C according to the
manufacturer’s instructions (post-sintered specimens’
dimensions: 5.0 mm x 5.0 mm x 1.5 mm).

The sample size was calculated based on the results
of a previous study?” Specimens were divided into
3 groups (n = 10/group) according to the finishing proce-
dure used: control (C); polishing (P); and glazing (G). The
finishing procedures were carried out by a single trained
operator (LF). Polishing was performed using a medium
(W16DC Diacera, LOT 447317; EVE Ernst Vetter GmbH,
Keltern, Germany) and fine (W16DCmf Diacera, LOT
446560; EVE Ernst Vetter GmbH) diamond polisher in
a slow-speed dental handpiece (Micromotor; Dabi Atlante,
Ribeirdo Preto, Brazil) operating at 10,000 rpm for
30 s.193334 The diamond polisher was positioned on the
device for standardization3-%” and replaced after polishing
5 specimens.?* Glazing was performed by applying a sin-
gle layer of glaze paste (InSync® Glaze Paste, LOT 172108;
Jensen Dental, North Haven, USA) with a brush, followed
by firing in a furnace (sinter press alumini; EDG, Sao
Carlos, Brazil) according to the manufacturer’s instruc-
tions. The thickness of the specimen was measured with
a digital caliper (Absolute Digital Pachymeter; Mitutoyo
Corporation, Kawasaki, Japan) before and after glazing to
standardize the thickness of the glaze layer (100 pm).273¢

A confocal laser scanning microscope (CLSM) (LEXT
OLS4000; Olympus Corporation, Tokyo, Japan) was used
to evaluate the topography and SR before and after 50,000
toothbrushing cycles. A representative image of the sur-
face topography was selected based on the repetitive
pattern identified for each group. The surface roughness

Table 1. Characteristics of the materials used in the study
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values (um) were obtained by analyzing the entire scanned
surface using the software dedicated for the CLSM (LEXT
OLS4000; Olympus Corporation).

The color difference, RT and gloss were analyzed using
a calibrated spectrophotometer (Delta Vista 2.0; Delta
Color, Sido Leopoldo, Brazil) at baseline and after 50,000
toothbrushing cycles. The International Commission on
Ilumination (CIE) L*, a* and b* color coordinates of the
specimens were evaluated. The CIEDE2000 color dif-
ference (AEy) was calculated based on the previously
described formula.3 The relative translucency was
obtained by computing the lightness (L*), red/green axis
(a*) and yellow/blue axis (b*) values against the white (W)
and black (B) backgrounds by using the following formula
(Equation 1):

RT - |(Ly—Ly) + (@g—ay)’ + (bg—by)* (1)

The difference in gloss was calculated using the
CIEDE2000 color system based on the following formula
(Equation 2):

Agloss = [(gloss2*) - (gloss1*)] 2)

where:

gloss1* — baseline gloss value;

gloss2* — gloss value measured after toothbrushing.

The specimens were brushed using a linear brushing
machine (P200 brushing machine; Biopdi, Sdo Carlos,
Brazil) equipped with soft bristle toothbrush heads (J&J
REACH Eco; Johnson & Johnson, New Brunswick, USA)
using a conventional dentifrice (Colgate Maximum Caries
Protection; Colgate-Palmolive, New York, USA) slurry
(Table 1). Dentifrice slurries were prepared by mixing dis-
tilled water (mL) with a dentifrice (g)**?”3° at a propor-
tion of 2:1 in a vacuum mixer for 2 min. The machine
was set at a rate of 180 toothbrushing cycles per minute,?
with a vertical load of 2.5 N?32532yuntil 50,000 toothbrush-
ing cycles were completed,?”3? which simulated 5 years
of toothbrushing.?>?

Statistical analysis

All statistical analyses were performed using the IBM
SPSS Statistics for Windows software, v. 20.0 (IBM Corp.,
Armonk, USA). The Shapiro—Wilk test evaluated the data

Zr0; + HfO, + Y503 = 99.0%

ceramill® zolid fx multilayer
(5Y-TZP)

Y,05:8.5-9.5%
HfO, < 5%
AlL,O; <0.5%

Amann Girrbach AG,
Koblach, Austria

other oxides <1%

Colgate Maximum
Caries Protection

5Y-TZP - zirconia stabilized with 5 mol% of yttrium oxide.

calcium carbonate, aqua, glycerin, sodium lauryl sulfate, sodium monofluorophosphate
(1,450 ppm fluoride), cellulose gum, aroma, tetrasodium pyrophosphate, sodium bicarbonate,
benzyl alcohol, sodium saccharin, sodium hydroxide

Colgate-Palmolive,
New York, USA
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for normality. Given that the data presented normal dis-
tribution, the results of SR and RT were analyzed using
repeated measures analysis of variance (ANOVA) and
Bonferroni post hoc test (@ = 0.05). The data was compared
between groups (baseline values) and within groups
(before and after toothbrushing) on the same specimens.
The results for AEy and Agloss were analyzed using the
one-way ANOVA and Tukey’s post hoc test (a = 0.05).

Results

The finishing procedures had an influence on SR and
RT. The recorded baseline mean values indicate that pol-
ishing did not influence SR and increased RT, while glaz-
ing resulted in an increase in SR and a decrease in RT
of multilayer 5Y-TZP (Table 2). The surface roughness

Table 2. Comparison of surface roughness (SR) and relative translucency
(RT) in the study groups at baseline and after toothbrushing

: : After
Variable Group Baseline eohE iy
C 1.55 £0.09%A 1.50 £0.08"
surface roughness p 122 +1.74% 129 +0.46"
[um]
G 9.77 04154 961 +£138"
C 3.94 0614 3.92 +0.78*
Relative translucency P 4.65 +0.58 345 +0.90°
G 237 £0.95%4 459 +0.878

C - control group; P - polishing group; G — glazing group. Data presented
as mean =+ standard deviation (M £SD). Different lowercase letters
indicate statistical differences between the groups based on the finishing
procedures (vertically) (p < 0.05). Different uppercase letters denote
statistical differences between the baseline and post-brushing values for
a specific group (horizontally) (p < 0.05).

L. Fiorin et al. Multilayer zirconia after toothbrushing

of the C and P groups was comparable (p < 0.05). The
glazing group presented higher SR compared to the C
and P groups (p < 0.001 for both). With respect to RT, the
C group exhibited lower mean values than the P group
(p < 0.05) and higher results in comparison to the G group
(p < 0.001).

Figure 1 displays representative images of surface
topography obtained by means of a laser confocal micro-
scope. At baseline, the G group demonstrated the most
irregular surface, while the P group exhibited the most
regular one. Toothbrushing had no discernible effect on
the surfaces of the C and G groups. However, a reduction
in scratches was observed on the surface of the P group.

The impact of toothbrushing on SR was not significant
(p = 0.052). However, it resulted in a decrease in RT of the
P group (p < 0.05) and an increase in RT of the G group
(p < 0.001) (Table 2).

The mean (M) and standard deviation (SD) values
of the AEyy AL*, Aa* Ab* and Agloss for all groups are
presented in Table 3. The G group showed the highest
mean AE, value. The positive values of AL* indicate that
toothbrushing increased lightness for all groups. The Aa*
and Ab* presented negative values for the C and P groups,
and positive values for the G group.

Statistically significant differences were noted among
the groups for AEq, AL*, Aa* and Ab* values (p < 0.05),
and there was no difference for the Agloss parameter
(p = 0.646). The G group presented the highest mean
values of AEq, AL*, Aa* and Ab*. The C and P groups
exhibited similar mean values of AEy, (p = 0.064) Aa*
(p = 0.337) and Ab* (p = 0.344). Intermediate mean values
of AL* were noted in the C group, while the AL* values in
the P group were the lowest (Table 4).

Table 3. Comparison of differences in color, lightness and gloss of specimens in the study groups

Variable Group M SD

C 441 0.68

AEgo G 6.19 1.21
p 348 0.63

C 5.02 0.76

AL* G 6.65 1.22
P 343 1.02

C -0.50 0.50

Aa* G 1.18 0.71
P -0.87 048

C -1.19 0.76

Ab* G 2.25 0.89
p -0.69 0.74

C 20.03 2.83

Agloss G 20.97 3.16
p 23.77 1543

Me cl Lower limit Upper limit
4.4680 3.92;4.89 262 5.02
6.1285 5.33;7.06 379 7.71
34296 3.03;392 273 4.68
5.1650 4.48;5.56 3.16 5.92
6.4650 5.77;7.52 448 878
4.3600 2.69;4.16 1.85 4.84
—0.4900 —0.86; -0.15 -146 0.20

1.2250 0.68; 1.69 -041 210
—-0.7950 -121;-0.52 -167 0.24
-1.1650 —1.73; -0.65 -238 0.16

24700 1.61;2.89 0.19 338
—0.6300 -1.22;,-0.15 -1.87 0.27
20.4800 18.01; 22.06 15.97 2530
20.0700 18.70; 23.23 17.74 28.85
264150 12.74; 34.81 0.19 4419

AEq — color difference; AL* - difference in lightness; Aa* - difference in the red/green axis; Ab* — difference in the yellow/blue axis; M — mean; SD - standard

deviation; Me — median; C/ - confidence interval.



Dent Med Probl. 2025;62(5):875-882

Fig. 1. Representative micrographs illustrating the topography of all groups
(X107 magpnification)

A. Control group at baseline; B. Control group after toothbrushing;
C. Glazing group at baseline; D. Glazing group after toothbrushing;
E. Polishing group at baseline; F. Polishing group after toothbrushing.

Table 4. Pairwise comparison of the study groups regarding the
differences in color and lightness of specimens after toothbrushing

95% CI

Mean Standard
difference | error lower
limit

Variable | Comparison

CxG -1.78 0.39 <0.001* =276 -081
AEy CxP 0.93 0.39 0.064 -0.04 1.90
GxP 2.71 0.39 <0.001* 174 3.69
CxG -1.62 045 0.004* -276 -049
AL* CxP 1.59 045 0.005* 0.46 2.72
GxP 3.22 045 <0.001* 209 435
CxG -1.68 0.25 <0.001* =232 -1.05
Na* CxP 0.36 0.25 0337 -026 1.00
GxP 2.05 0.25 <0.001* 142 268
CxG —344 035 <0.001* —-433 =255
Ab* CxP -0.51 035 0344  -1.39 0.37
GxP —2.93 035 <0.001* =382 204

* statistically significant (p < 0.05, Tukey’s post hoc test).

Discussion

The first research hypothesis was accepted because dif-
ferent finishing procedures influenced the baseline SR
and RT values of multilayer 5Y-TZP. Glazing resulted in
the most irregular surface, high mean values of SR and
the lowest RT, while polishing promoted a regular surface
and the highest RT.

The second research hypothesis was partially accepted
because toothbrushing influenced AEy, and RT but did
not have an impact on SR and gloss of polished and glazed
multilayer 5Y-TZP. In order to ensure the long-term clinical
success of aesthetic restorations, it is essential that the
restorative materials present color stability and reliable color
matching with natural dentition. Color differences can be
evaluated with a spectrophotometer and calculated using
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appropriate mathematical formulas, with values for clini-
cally acceptable color differences being reported. A pre-
vious study suggested that the CIEDE2000 color system
more accurately represents the human perception of color
difference compared to the CIE L*a*b* color space,?® which
justifies the use of the CIEDE2000 in this study for the eval-
uation of visual tolerances. For the CIEDE2000, the 50:50%
perceptibility threshold in dentistry was determined to be
AEo = 0.8 units, whereas the 50:50% acceptability threshold
was found to be AE = 1.8 units.?®?° In this study, the
observed mean values for color differences after toothbrush-
ing in all groups exceeded the acceptability thresholds. The
mean values of AEy, for the P, C and G groups can be inter-
preted as moderately, clearly and extremely unacceptable,
respectively.?® The high values for AE, can be attributed to
the considerable increase in lightness, indicating that the
multilayer 5Y-TZP became luminous after toothbrushing,
regardless of the finishing procedure used. Similarly, some
authors have reported that monolithic zirconia presented
a significant color difference after toothbrushing, with this
difference being more pronounced than that observed for
glass ceramic.2>* Eldwakhly et al. investigated the color dif-
ferences of dental ceramic specimens subjected to different
staining solutions and found that glass ceramic presented
the lowest color difference when compared to monolithic
zirconia, resin nanoceramic and hybrid ceramic, while
monolithic zirconia demonstrated the most substantial
color variation.!*

It has been reported that 5Y-TZP and 3Y-TZP exhib-
ited different behaviors after toothbrushing, indicating
that the chemical composition and crystallographic phase
content may influence the color difference of monolithic
zirconia.” In this study, the multilayer 5Y-TZP presented
high mean values of color difference suggesting that the
percentage of cubic phase content may have influenced
this outcome.

Regarding finishing procedures, Lee et al. investigated
the effect of polishing and glazing on intrinsically colored
3Y-TZP that underwent toothbrushing and found that
glazed 3Y-TZP presented lower values of color difference
after toothbrushing than polished 3Y-TZP.?® In contrast,
this study observed that the polished multilayer 5Y-TZP
demonstrated lower values of color difference than the
glazed multilayer 5Y-TZP. These divergent results can
be explained by the method used to color the monolithic
zirconia. In the case of intrinsically colored 3Y-TZP, the
glazing layer can play a protective role, promoting color
maintenance.?® Ataol et al. evaluated the effect of sub-
structure thickness and finishing procedure (polishing or
glazing) on the color difference before and after cemen-
tation in 3Y-TZP, and found a correlation between sub-
structure thickness and color difference.!® For 0.04-mm
substructure thickness, the polished group presented
higher mean values of color difference than the glazed
group. However, for a substructure thickness of 0.08 mm,
the glazed group demonstrated higher mean values than
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the polished group. In the present study, specimens with
the same thickness were used for all groups, and the
glazed group presented the highest mean values of color
difference. The thickness of the specimens (1.5 mm) is
clinically representative because it is similar to the thick-
ness of the occlusal surface of inlays, onlays and crowns
recommended by the manufacturer.

There is no consensus regarding the correlation between
color differences and SR. Some authors affirmed that color
differences can be affected by SR,'® while others argued that
there was no correlation between the two.?> In this study,
the highest color difference was observed in the glazed
group, suggesting that rougher surfaces are related to high
mean values of color differences. In addition, the rough
surface can lead to plaque accumulation, dental caries,
gingival inflammation, and antagonist wear,'* resulting
in a decrease in the clinical aesthetic outcome of the
prosthesis.!” Sehovic et al. reported that toothbrushing
with a conventional dentifrice can lead to an increase in
SR of extrinsically stained 3Y-TZP3! Lee et al. found that
extrinsically stained 5Y-TZP showed a decrease in SR
after 50,000 toothbrushing cycles, while this study found
no differences in SR at baseline and after toothbrushing
for glazed and polished multilayer 5Y-TZP for the same
number of toothbrushing cycles.?? However, comparisons
among these studies are limited because of the different
protocols for finishing procedures and toothbrushing, such
as the type of toothbrush, machines and load applied.>

Moreover, SR has been demonstrated to affect light
reflection.’® After toothbrushing, the polished and glazed
groups exhibited different behaviors for RT, but no
differences were found in SR. The relative translucency
increased in the G group after toothbrushing, while
a decrease was observed in the P group. These outcomes
may be associated with alterations in the grain size
of 5Y-TZP. The grain size had no influence on the SR
of 3Y-TZP; however, it could have an influence on RT.#
In addition, Lee et al. investigated the effects of the thickness
of extrinsic stain and glazed layers on RT of 5Y-TZP
using the CIEDE2000, and concluded that the thickness
of extrinsic stain affected RT, but these phenomena were
not observed in the glazed group.*?

Heintze et al. evaluated the changes in gloss and SR after
toothbrushing of restorative materials and found a strong
correlation between surface gloss and roughness.*® This
study demonstrated that the use of finishing procedures
(polishing or glazing) did not influence surface gloss and
roughness after toothbrushing using a conventional den-
tifrice. In contrast, other studies have reported that tooth-
brushing can lead to a decrease in gloss, depending on the
type of dentifrice used.?6*

The present study demonstrated that finishing proce-
dures influenced SR and RT, and toothbrushing using
a conventional dentifrice did not influence SR and gloss,
but affected RT and color of polished and glazed multilayer
5Y-TZP. Considering that a finishing procedure should be

L. Fiorin et al. Multilayer zirconia after toothbrushing

chosen for monolithic zirconia, the findings of this study
suggest that polishing results in a smoother surface and
lower mean values of color difference compared to glazing.

Limitations

The limitations of this in vitro study included the fact
that toothbrushing cannot simulate the dynamic oral
environment, such as pH and masticatory forces. The
toothbrushing environment lacked natural compounds
found in saliva or chemical insults associated with the
intake of meals and beverages. Additionally, dentifrices
with different compositions were not investigated. Direct
comparisons with other studies are precluded by the pres-
ence of different toothbrushing protocols. Our results
were limited to polychromic multilayer 5Y-TZP. However,
the observed outcomes are relevant because the surface
of restorative materials is subjected to toothbrushing with
a dentifrice, and the effects of this procedure need to be
known.

Further research is necessary to investigate different
types of dentifrice, different brands of polychromic mul-
tilayer 5Y-TZP and hybrid multilayer zirconia. Addition-
ally, the effect of finishing procedures and toothbrushing
on the microstructure and grain size of multilayer zirco-
nia should be investigated. Research efforts should pri-
oritize the development of more stable zirconia to avoid
color and translucency variations, considering that these
changes have an influence on the success and longevity
of dental prosthesis treatment.

Conclusions

Based on the results and within the limitations of this
in vitro study, it can be concluded that the application
of glazing increased SR and decreased RT, while polish-
ing did not influence SR but increased RT of multilayer
5Y-TZP. The use of a conventional dentifrice during
toothbrushing did not influence SR and gloss; however, it
led to clinically observable color differences and affected
RT of the tested material.
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