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Objectives: Considering the need for intraoral polishing of zirconia restorations, this in vitro
study aimed to 1) evaluate the 2D and 3D surface roughness of different types of ceramic
after their finishing and polishing and 2) compare three polishing techniques using three
different polishing kits.
Methods: Seventy-two specimens were obtained from two types of 3Y-TZP zirconia. After
sintering, a layer of a glass-based fluorapatite veneering ceramic was applied over 24
specimens of one of the zirconia ceramics. Thus, three ceramic surfaces were set: Prettau
Anterior, Prettau Zirconia, and IPS e.max Ceram. The specimens were polished with a
universal or specific polishing kit (n=12). After polishing, the specimens were analyzed
using white-light interferometry. Kruskal-Wallis and Mann-Whitney U tests were used
(a=0.05).
Results: The polishing kit used did not significantly (p=0.514) affect the surface roughness
of Prettau Anterior. Regarding Prettau Zirconia, the zirconia-specific polishing kit allowed a
higher Sa and Ra than the universal kit (p=0.004 and p<0.001). Regarding glass-based ceram-
ic, the specific kit led to a higher Ra (p<0.001), but no significant results were found in 3D.
Conclusions: The universal polishing set showed the best results for Prettau Zirconia and
glass-based ceramic, but no differences were found for Prettau Anterior. (Rev Port Estomatol
Med Dent Cir Maxilofac. 2022;63(3):126-133)
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Eficacia do polimento intraoral de ceramicas — avaliagao da rugosidade
em 2D e 3D

RESUMO

Palavras-chave:
Ceramica

Polimento dentario
Brilho

Rugosidade de superficie
Zirconia

Objetivos: Considerando a importancia do polimento intraoral de restauragdes de zircénia,
este estudo in vitro teve como objetivos: 1) avaliar a rugosidade de superficie a 2 e 3 dimen-
soes de diferentes tipos de cerdmica ap6s o seu acabamento e polimento; e 2) comparar trés
técnicas de polimento usando trés kits de polimento diferentes.
Métodos: Foram obtidos setenta e dois espécimes de dois tipos de zircénia 3Y-TZP. Apéds a sin-
terizacdo, foi aplicada uma camada de ceramica feldspatica sobre 24 espécimes de uma das
ceramicas de zirconia. Assim, foram avaliadas trés superficies ceramicas: Prettau Anterior,
Prettau Zirconia e IPS e.max Ceram. Os espécimes foram polidos com um kit de polimento
universal ou especifico (n=12). Apés o polimento, os espécimes foram analisados por interfe-
rometria de luz branca. Foram utilizados os testes de Kruskal-Wallis e Mann-Whitney U (a=0,05).
Resultados: O kit de polimento utilizado nao afetou significativamente (p=0,514) a rugosida-
de de superficie da Prettau Anterior. Quanto a Prettau Zirconia, o kit de polimento especifi-
co para zircénia apresentou valores de Sa e Ra mais elevados do que o kit universal (p=0,004
e p<0,001). Relativamente a ceramica feldspatica, o kit especifico apresentou um Ra mais
elevado (p<0,001), mas sem diferencas significativas encontradas em 3D.
Conclusdes: O kit de polimento universal apresentou os melhores resultados para a Prettau
Zirconia e para a ceramica feldspatica, mas ndo foram detetadas diferengas para a Prettau
Anterior. (Rev Port Estomatol Med Dent Cir Maxilofac. 2022;63(3):126-133)

© 2022 Sociedade Portuguesa de Estomatologia e Medicina Dentaria.

Publicado por SPEMD. Este é um artigo Open Access sob uma licenga CC BY-NC-ND

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Dental ceramic is considered ideal for restoration proce-
dures, and the increased search for non-metal restorations
has led to research and improvement of ceramic systems,
such as zirconia.'** Zirconia combines biocompatibility with
excellent mechanical properties and a translucency more
similar to natural teeth, thus reducing the risk of opaque
areas.”” Zirconia also has the advantage of being easy to
fabricate using CAD/CAM technology.® The greatest weak-
ness of zirconia is its sensitivity to low-temperature degra-
dation.>10

There are currently two types of restorations with zirco-
nia: stratified (veneered with glass-based feldspathic ceram-
ic) and monolithic (polished or painted). Monolithic zirconia
has been increasingly used to minimize the chipping of strat-
ified zirconia.'>!?> Some monolithic-zirconia systems have
better aesthetic properties (more translucent), and others
have better mechanical properties.’® Since monolithic zirco-
nia has been used as an alternative to conventional ceramic
systems, the ideal chairside finishing of zirconia should be
discussed.

Ceramic restorations usually have a glazed surface that
ideally should stay intact.’-* The glaze is a vitrified layer that
seals the pores of the ceramic’s surface. It is composed of a
colorless glass powder that is melted over the last superficial
layer, producing a light reflection similar to that of natural
teeth.’3 However, in clinical settings, ceramic restorations are
sometimes subjected to occlusal and anatomic readjustments,

usually conducted with diamond burs, which destroy the glaze
surface, making it rough.'*1¢ Rough ceramic surfaces are more
abrasive to antagonist teeth and restorations.'” Furthermore,
the roughness of intraoral hard tissues favors the adhesion
and retention of bacteria and, thus, may increase the risk of
caries and periodontal disease.’® Other important features re-
lated to the roughness of ceramic restorations are that it may
cause soft-tissue inflammation, favors pigmentation, causes
a decrease in fracture resistance, and may result in unsatis-
factory aesthetics.!>'8

To reestablish the polishing of ceramic restorations, den-
tists may opt either for reglazing or using sets of polishing
burs. A new glaze can only be performed in a laboratory and
requires an extra session for the restoration procedure to be
complete. Furthermore, an additional glaze firing may cause
adverse effects on the ceramic, such as its devitrification.! On
the other hand, polishing systems can be a chairside proce-
dure involving only one clinical session.’ When chipping or
ceramic wear occurs, it is also imperative to reestablish the
ceramic’s polishing.?

Considering the increasing need for intraoral polishing of
zirconia restorations, this in vitro study aimed to evaluate the
2D and 3D surface roughness of different types of ceramic af-
ter finishing and polishing and compare three polishing tech-
niques using three different polishing kits. Thus, the following
hypotheses were studied: 1) There are no differences between
the roughness of the three ceramics studied, and 2) For each
ceramic, the polishing kit used does not influence the ceram-
ic roughness.
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Material and methods

The roughness of three types of ceramic was studied after
polishing the material surface with a universal or specific pol-
ishing kit. The sample size (n=12) was estimated with a power
analysis based on the data from a pilot study, to provide sta-
tistical significance (0=0.05) at 80% power.

The specimens were obtained from 2-mm-thickness slabs of
two types of 3Y-TZP zirconia: Prettau® Zirconia (Zirkonzahn SRL,
Gais, Italy) and Prettau® Anterior® (Zirkonzahn SRL, Gais, Italy).
Forty-eight specimens of Prettau® Zirconia and 24 specimens of
Prettau® Anterior® were produced to achieve final standardized
dimensions (length: 20 mm, width: 12 mm, thickness: 1.6 mm).

After sintering according to the manufacturer’s instructions,
all Prettau® Anterior® and 24 of the Prettau® Zirconia specimens
were pigmented with the A3 color and glazed. A 0.4-mm layer of
a fluorapatite veneering ceramic (IPS e.max® Ceram, Ivoclar
Vivadent AG, Schaan, Liechtenstein) was applied, according to
the manufacturer’s instructions, over each of the remaining 24
specimens of Prettau® Zirconia. Thus, three different groups rep-
resenting three types of ceramic surfaces were set: Prettau® An-
terior® (PA), Prettau® Zirconia (PZ), and IPS e.max® Ceram (FC).

The specimens were uniformly worn by mechanically con-
ditioning with a medium-grit diamond cylindrical bur (ISO
S6881 314 016 - Brasseler Lemgo, Germany) mounted in a lab-
oratory handpiece (AnyXing 300D, Micro-NX Co., Ltd., Korea)
at 10,000 rpm with water cooling. The bur was passed over the
specimen’s surface for 20 seconds in a single direction, main-
taining the bur’s long axis parallel to the surface under stan-
dardized pressure (1 N). A device with a parallelizer attached
to the handpiece and a scale to control the exerted pressure
was conceived to apply equal wear to every specimen. In this
system, each specimen was fixed with double-sided adhesive
tape (Figure 1). The bur was replaced after every five specimens
to prevent wear changes.

The specimens of each type of ceramic surface were then
randomly divided to create six experimental groups according
to the several combinations between ceramic surface and pol-
ishing kit (Figure 2). A universal polishing kit ((uk) ref: 9771,

Meisinger, Neuss, Germany) was used for half of the specimens
of the three types of ceramic surface studied. A polishing kit
designed specifically for each type of ceramic material was
used for the other half: a kit specifically conceived for zirconia
[(zk) ref: DCA04/DCA10, Meisinger] was used for PA and PZ, and
a kitindicated for glass-based ceramic ((gk), ref: 9742, Meising-
er) was used for polishing FC.

The polishers were inserted in a handpiece (10,000 rpm)
mounted in the same device used to mechanically condition
the specimens, as previously described. Polishing was per-
formed for 180 seconds (90 seconds as in the previous step — xx
axis, and 90 seconds perpendicular to it — yy axis) with each
kit, regardless of the number of polishers used (Figures 3 and 4),
according to the manufacturer’s instructions, under a stan-
dardized pressure of 2 N.

After polishing and cleaning with ethanol, the 72 speci-
mens were analyzed using white-light interferometry to as-
sess the surface texture (Bruker NPFLEX, Stuttgart, Germany).
Each reading was performed on a 1600x1600pm measurement
area with a 10x magnifying lens, a lateral resolution of 1 pm,
and a vertical resolution of 1 nm.

| Ceramic material |
Prettau® Anterior® Prettau® Zirconia
N=24 N=48
IPS e.max@ Ceram
N=24
| Ceramic surface |
Zirconia (PA) Zirconia (PZ) Glass-based ceramic (FC)
N=24 N=24 N=24
| Polishing kit |
Universal zirconia Universal zirconia Universal || glass-ceramic
(uk) (zk) (uk) (zk) (uk] lgk)
n=12 n=12 n=12 n=12 n=12 n=12

Figure 2. Experimental design (n=12).

Figure 1. System conceived to provide uniform wear
across specimens.

Plan of the different sequences of
polishing protocols (in seconds)

Feldspathic-ceramic kit

Universal kit

n 40 24 80 00 120 140 160 180 00

® Polisher 1 ® Polisher 2 m Polisher 3 Polisher 4 m Polisher 5

Figure 3. Plan of the different sequences of polishing

protocols (in seconds).
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Figure 4. Zirconia polishing kit (left), glass-based ceramic polishing kit (middle), and universal kit (right) (Meisinger,
Germany).

The Sa (mean roughness) parameter was selected for the
3D roughness analysis according to the ISO standard.(*®) The
Ra (mean roughness) parameter was used to analyze the 2D
roughness in each axis.

Statistical analysis was performed with standard statisti-
cal software (IBM SPSS Statistics, Version 25, IBM Corp., NY,
USA). Since homoscedasticity was not set (Levene’s tests;
p<0.05), non-parametric tests were used. Kruskal-Wallis tests,
followed by multiple comparison tests, were used to compare
roughness between ceramic surfaces (a=0.05). For each ceram-
ic, the effect of the polishing kit was analyzed using
Mann-Whitney U tests (a=0.05).

Results

No statistically significant differences (p>0.05) were found be-
tween the different types of ceramic surface for any parame-
ter except the xx axis of the 2D Ra, with FC showing higher
roughness (p<0.001) than both zirconia ceramics.

Figures 5, 6, and 7 show representative images of the re-
sults obtained in 3D profilometry for each of the ceramic sur-
faces studied. The 3D Sa median value ranged between 3.9 pm
for FC-gk and 2.3 ym for PZ-uk (Table 1). No statistically signif-
icant differences were found between polishing kits for PA
(p=0.514) and FC (p=0.068) (Figure 8). However, polishing the PZ

B

it
15,000 e l: Lo

Figure 5. Profilometry 3D image of a Prettau® Anterior® specimen after polishing

with the zirconia kit (A) and with the universal kit (B).
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Figure 6. Profilometry 3D image of a Prettau® Zirconia specimen after polishing
with the zirconia kit (A) and with the universal kit (B).

Figure 7. Profilometry 3D image of a glass-based ceramic specimen after
polishing with the glass-based ceramic kit (A) and the universal kit (B).
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Table 1. Descriptive statistics

3D Sa 2D Ra (xx) 2D Ra (yy)
Ceramic  Polishing Statistical Statistical Statistical
surface kit Median  Significance Median  Significance Median  Significance
Mean (SD) (1QR) (Mann- Mean (SD) (1QR) (Mann- Mean (SD) (1QR) (Mann-
Whitney U) Whitney U) Whitney U)
zk 2.7 (0.45) 2.6 (0.67) 0.3(0.07) 0,3 (0.08) 0.9 (0.16) 0.9 (0.16)
PA p=0.514 p=0.977 p=0.590
uk 24(0.81) 2.5 (1.16) 0.3(0.22) 0.3 (0.41) 0.8 (0.47) 0.8(0.91)
zk 3.1(0.66) 3.1 (1.00) 0.3(0.09) 0.3 (0.15) 1.4(0.22) 1.4 (0.24)
pPZ p=0.004 p<0.001 p<0.001
uk 2.3(0.40) 2.3 (0.53) 0.1(0.05) 0.1 (0.07) 0.5(0.30) 0.6 (0.48)
gk 4.0(1.56) 3.9(243) 1.3(0.30) 1.2 (0.50) 14(0.53) 1.5(0.71)
FC p=0.068 p<0.001 p<0.001
uk 2.9(0.63) 3.0(1.17) 0.5(0.13) 0.5 (0.22) 0.5(0.12) 0.5 (0.19)

PA - Prettau® Anterior®; PZ - Prettau® Zirconia; FC - IPS e.max® Ceram; zk — polishing kit specific for zirconia; uk - universal polishing kit;
gk - polishing kit specific for glass-based ceramic; SD - standard deviation; IQR - interquartile range

5 | Specific kit

r*q
r*
3 1
ié [ °
2 F*3
1 ’ = ® !
Le P
PA  PZ FC pa? pz® FcP PA  PZ F
3D Sa 2D Ra (xx)

O Universal kit

C
2D Ra (yy)

Figure 8. Roughness values per type of ceramic and per

type of polishing.

with the zk led to a significantly (p=0.004) higher 3D Sa than
polishing with uk.

The 2D Ra median ranged between 1.2 pm for FC-gk and
0.1 pm for PZ-uk in the xx axis and between 1.5 pm for FC-gk
and 0.5 pm for FC-uk in the yy axis (Table 1). No differences
were found between the two kits used to polish the PA on
neither the xx axis (p=0.977) nor the yy axis (p=0.590). Never-
theless, the polishing kit statistically influenced the 2D Ra of
the PZ and FC. For both ceramic surfaces, the universal polish-
ing kit achieved a significantly (p<0.001) lower 2D Ra than the
specific polishing kit, both in the xx and the yy axis.

Discussion

Clinical occlusal adjustments of monolithic-zirconia restora-
tions are inevitable. The required adjustments are conducted
using fine-grit diamond burs because medium-grit burs cause
6 to 8 times more depth damage on the surface than those,
thus compromising the strength and reliability of monolithic

zirconia.® However, this investigation used a medium-grit bur
to simulate the worst scenario and thus enhance the differ-
ences between the polishing kits.

Most studies analyze ceramic-surface roughness only at
2D.%17,18,2021 However, surfaces with similar Ra might have
different surface topographies. In order to better quantify and
differentiate these surfaces, we also assessed 3D roughness.
The 3D evaluation takes into account the 3D characteristics
of the ceramic surface and obtains images of the studied sur-
faces, which is not possible in the 2D evaluation. Regarding
3D roughness, Sa is a 3D parameter expanded from the rough-
ness (2D) parameter Ra. Because Sa is little influenced by iso-
lated extreme values, stable and consistent results can be
obtained.??

Variations in roughness values might be explained by vari-
ations in the pressure exerted by the operator while handling
the instruments, original defects of the samples, and small
variations in the reading area of the roughness meter on the
samples.?®In an attempt to avoid this problem, this study used
a system conceived to control the exerted pressure to mini-
mize potential errors in the wear and polishing processes.

Since differences were found between the ceramics in the
xx axis of the 2D Ra, the first hypothesis in the study was re-
jected, with FC being rougher than zirconia ceramics. This
finding may be explained by the FC’s lower hardness compared
to surfaces like zirconia, which may have caused its specimens
to withstand better the wear with the bur’s long axis parallel
to the surface (xx axis).

The lower the Ra and Sa, the more effective the polishing
system.?%?? Polishing both Prettau® Zirconia and glass-based
ceramic with the universal kit allowed better results than us-
ing the specific kit (zk and gk, respectively) in every 2D and 3D
parameter. Thus, the second hypothesis was rejected for these
two ceramic surfaces. The uk is the most recent polishing set
released by its manufacturer. This kit includes four polishers,
while zk has only two. Several studies have warned about the
importance of using a sequence of polishers to reduce surface
roughness progressively.?1:??) Although gk has one more pol-
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isher than uk, the shape of uk (spirals) could be more effective
than the shape of gk (points). Regarding PA, no relevant differ-
ences were found in any of the assessed parameters between
the two polishing kits, so, for this ceramic surface, the second
hypothesis could not be rejected. This finding may result from
the hardness of PA being higher than PZ’s, so it is more difficult
to find differences between kits.

Future research assessing the clinical performance of pol-
ishing in the long term could consolidate the results obtained
in this study. Comparing the Ra and Sa parameters and the
surface wear after polishing in a brushing simulation machine
may replicate what happens when ceramic wear occurs and
can be a valuable and worthwhile approach.?

Conclusions

Glass-based ceramic showed to be more rugged than zirconia
after polishing. Regarding the Prettau® Anterior® ceramic, no
differences were found between the two polishing kits. On
the other hand, the Prettau® Zirconia and the glass-based ce-
ramic should be polished with the universal kit.

Conflict of interest

The authors have no conflicts of interest to declare.

Ethical disclosures

Protection of human and animal subjects. The authors
declare that no experiments were performed on humans or
animals for this study.

Confidentiality of data. The authors declare that no patient
data appear in this article.

Right to privacy and informed consent. The authors declare
that no patient data appear in this article.

CREDIT AUTHORSHIP CONTRIBUTION STATEMENT

Manuel Sampaio-Fernandes: Conceptualization, Data cura-
tion, Investigation, Methodology, Visualization, Writing — origi-
nal draft. Paulo Julio Almeida: Investigation, Project adminis-
tration, Visualization. Paulo Rocha Almeida: Investigation,
Methodology, Resources, Visualization. Jaime Portugal: Data
curation, Formal analysis, Methodology, Visualization, Writing
- review & editing. Ramiro Carneiro Martins: Methodology, Val-
idation, Supervision. Maria Helena Figueiral: Methodology, Su-
pervision, Validation, Visualization, Writing - review & editing.

ORCID

Manuel Sampaio-Fernandes 0000-0003-0783-2355
Paulo Julio Almeida 0000-0002-3406-1093

Paulo Rocha Almeida 0000-0002-0227-4385

0000-0001-5058-6554
0000-0001-5588-6062

0000-0001-8583-8096

Jaime Portugal
Ramiro Carneiro Martins
Maria Helena Figueiral

REFERENCES

1. Haralur SB. Evaluation of efficiency of manual polishing over
autoglazed and overglazed porcelain and its effect on plaque
accumulation. ] Adv Prosthodont. 2012;4:179-86.

2. Camacho GB, Vinha D, Panzeri H, Nonaka T, Gongalves M.
Surface roughness of a dental ceramic after polishing with
different vehicles and diamond pastes. Braz Dent J.
2006;17:191-4.

3. Sarac D, Sarac YS, Yuzbasioglu E, Bal S. The effects of
porcelain polishing systems on the color and surface texture
of feldspathic porcelain. J Prosthet Dent. 2006;96:122-8.

4. Zurek AD, Alfaro MF, Wee AG, Yuan JC, Barao VA, Mathew MT,
Sukotjo C. Wear Characteristics and Volume Loss of CAD/
CAM Ceramic Materials. ] Prosthodont. 2019;28:e510-8.

5. Hayashi K, Matsuguchi N, Uenoyama K, Sugioka Y.
Re-evaluation of the biocompatibility of bioinert ceramics in
vivo. Biomaterials. 1992;13:195-200.

6. Christel P, Meunier A, Heller M, Torre JP, Peille CN. Mechanical
properties and short-term in-vivo evaluation of yttrium-
oxide-partially-stabilized zirconia. ] Biomed Mater Res.
1989;23:45-61.

7. Studart AR, Filser F, Kocher P, Liithy H, Gauckler LJ.
Mechanical and fracture behavior of veneer-framework
composites for all-ceramic dental bridges. Dent Mater.
2007;23:115-23.

8. Goo CL, Yap A, Tan K, Fawzy AS. Effect of Polishing Systems
on Surface Roughness and Topography of Monolithic
Zirconia. Oper Dent. 2016;41:417-23.

9. Almeida PJ, Silva CL, Alves JL, Silva FS, Martins RC, Sampaio-
Fernandes J. Analysis of the stability of 3Y-TZP zirconia
abutments after thermocycling and mechanical loading. Rev
Port Estomatol Med Dent Cir Maxilofac. 2016;57:197-206.

10. Almeida PJ, Silva CL, Alves JL, Silva FS, Martins RC, Sampaio-
Fernandes J. Comparative analysis of the wear of titanium/
titanium and titanium/zirconia interfaces in implant/
abutment assemblies after thermocycling and mechanical
loading. Rev Port Estomatol Med Dent Cir Maxilofac.
2016;57:207-14.

11. Hjerppe J, Narhi TO, Vallittu PK, Lassila LV. Surface roughness
and the flexural and bend strength of zirconia after different
surface treatments. ] Prosthet Dent. 2016;116:577-83.

12. Park C, Vang MS, Park SW, Lim HP. Effect of various polishing
systems on the surface roughness and phase transformation
of zirconia and the durability of the polishing systems. ]
Prosthet Dent. 2017;117:430-7.

13. Sen N, Sermet IB, Cinar S. Effect of coloring and sintering on
the translucency and biaxial strength of monolithic zirconia.
J Prosthet Dent. 2018:119:308.e1-7.

14. Aravind P, Razak PA, Francis PG, Issac JK, Shanoj RP,
Sasikumar TP. Comparative Evaluation of the Efficiency of
Four Ceramic Finishing Systems. J Int Oral Health.
2013;5:59-64.

15. Schneider J, Dias Frota BM, Passos VF, Santiago SL, Freitas
Pontes KM. Effects of 2 polishing techniques and reglazing on
the surface roughness of dental porcelain. Gen Dent.
2013;61:€6-9.

16. Yilmaz C, Korkmaz T, Demirk6prild H, Erglin G, Ozkan Y.
Color stability of glazed and polished dental porcelains. ]
Prosthodont. 2008;17:20-4.


https://orcid.org/0000-0003-0783-2355
https://orcid.org/0000-0003-0783-2355
https://orcid.org/0000-0002-3406-1093
https://orcid.org/0000-0002-3406-1093
https://orcid.org/0000-0002-0227-4385
https://orcid.org/0000-0002-0227-4385
https://orcid.org/0000-0001-5058-6554
https://orcid.org/0000-0001-5058-6554
https://orcid.org/0000-0001-5588-6062
https://orcid.org/0000-0001-5588-6062
https://orcid.org/0000-0001-8583-8096
https://orcid.org/0000-0001-8583-8096
http://doi.org/10.4047/jap.2012.4.4.179
http://doi.org/10.4047/jap.2012.4.4.179
http://doi.org/10.4047/jap.2012.4.4.179
http://doi.org/10.1590/S0103-64402006000300003
http://doi.org/10.1590/S0103-64402006000300003
http://doi.org/10.1590/S0103-64402006000300003
http://doi.org/10.1590/S0103-64402006000300003
http://doi.org/10.1016/j.prosdent.2006.05.009
http://doi.org/10.1016/j.prosdent.2006.05.009
http://doi.org/10.1016/j.prosdent.2006.05.009
http://doi.org/10.1111/jopr.12782
http://doi.org/10.1111/jopr.12782
http://doi.org/10.1111/jopr.12782
http://doi.org/10.1016/0142-9612(92)90184-P
http://doi.org/10.1016/0142-9612(92)90184-P
http://doi.org/10.1016/0142-9612(92)90184-P
http://doi.org/10.1002/jbm.820230105
http://doi.org/10.1002/jbm.820230105
http://doi.org/10.1002/jbm.820230105
http://doi.org/10.1002/jbm.820230105
http://doi.org/10.1016/j.dental.2005.12.009
http://doi.org/10.1016/j.dental.2005.12.009
http://doi.org/10.1016/j.dental.2005.12.009
http://doi.org/10.1016/j.dental.2005.12.009
http://doi.org/10.2341/15-064-L
http://doi.org/10.2341/15-064-L
http://doi.org/10.2341/15-064-L
http://doi.org/10.1016/j.rpemd.2016.07.003
http://doi.org/10.1016/j.rpemd.2016.07.003
http://doi.org/10.1016/j.rpemd.2016.07.003
http://doi.org/10.1016/j.rpemd.2016.07.003
https://doi.org/10.1016/j.rpemd.2016.07.002
https://doi.org/10.1016/j.rpemd.2016.07.002
https://doi.org/10.1016/j.rpemd.2016.07.002
https://doi.org/10.1016/j.rpemd.2016.07.002
https://doi.org/10.1016/j.rpemd.2016.07.002
https://doi.org/10.1016/j.rpemd.2016.07.002
http://doi.org/10.1016/j.prosdent.2016.02.018
http://doi.org/10.1016/j.prosdent.2016.02.018
http://doi.org/10.1016/j.prosdent.2016.02.018
http://doi.org/10.1016/j.prosdent.2016.10.005
http://doi.org/10.1016/j.prosdent.2016.10.005
http://doi.org/10.1016/j.prosdent.2016.10.005
http://doi.org/10.1016/j.prosdent.2016.10.005
https://doi.org/10.1016/j.prosdent.2017.08.013
https://doi.org/10.1016/j.prosdent.2017.08.013
https://doi.org/10.1016/j.prosdent.2017.08.013
http://doi.org/10.1111/j.1532-849X.2007.00237.x
http://doi.org/10.1111/j.1532-849X.2007.00237.x
http://doi.org/10.1111/j.1532-849X.2007.00237.x

REV PORT ESTOMATOL MED DENT CIR MAXILOFAC . 2022;63(3):126-133

133

17.

18.

19.

20.

Lawson NC, Janyavula S, Syklawer S, McLaren EA, Burgess JO.
Wear of enamel opposing zirconia and lithium disilicate after
adjustment, polishing and glazing. ] Dent. 2014;42:1586-91.
Matzinger M, Hahnel S, Preis V, Rosentritt M. Polishing effects
and wear performance of chairside CAD/CAM materials. Clin
Oral Investig. 2019;23:725-37.

International Organization for Standardization. ISO 25178.
Geometric Product Specifications (GPS) — Surface texture:
areal. Geneva: ISO; 2015.

Preis V, Grumser K, Schneider-Feyrer S, Behr M, Rosentritt M.
The effectiveness of polishing kits: influence on surface
roughness of zirconia. Int J Prosthodont. 2015;28:149-51.

21.

22.

23.

Amaya-Pajares SP, Ritter AV, Vera Resendiz C, Henson BR,
Culp L, Donovan TE. Effect of finishing and polishing on the
surface roughness of four ceramic materials after occlusal
adjustment. ] Esthet Restor Dent. 2016;28:382-96.

Fasbinder DJ, Neiva GF. Surface evaluation of polishing
techniques for new resilient CAD/CAM restorative materials.
] Esthet Restor Dent. 2016;28:56-66.

Fernandes ACBC]J, Assuncao IV, Borges BCD, Costa GFA.
Impact of additional polishing on the roughness and surface
morphology of dental composite resins. Rev Port Estomatol
Med Dent Cir Maxilofac. 2016;57:74-81.


http://doi.org/10.1016/j.jdent.2014.09.008
http://doi.org/10.1016/j.jdent.2014.09.008
http://doi.org/10.1016/j.jdent.2014.09.008
http://doi.org/10.1007/s00784-018-2473-3
http://doi.org/10.1007/s00784-018-2473-3
http://doi.org/10.1007/s00784-018-2473-3
http://doi.org/10.11607/ijp.4153
http://doi.org/10.11607/ijp.4153
http://doi.org/10.11607/ijp.4153
http://doi.org/10.1111/jerd.12222
http://doi.org/10.1111/jerd.12222
http://doi.org/10.1111/jerd.12222
http://doi.org/10.1111/jerd.12222
http://doi.org/10.1111/jerd.12174
http://doi.org/10.1111/jerd.12174
http://doi.org/10.1111/jerd.12174
http://doi.org/10.1016/j.rpemd.2016.03.004
http://doi.org/10.1016/j.rpemd.2016.03.004
http://doi.org/10.1016/j.rpemd.2016.03.004
http://doi.org/10.1016/j.rpemd.2016.03.004

