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ABSTRACT
Statement of problem. Veneer chipping and crown decementation are the most frequent failures
in restorations using zirconia as an infrastructure. Increasing the roughness of the zirconia surface
has been suggested to address this problem.

Purpose. The purpose of this systematic review and meta-analysis was to evaluate yttria-stabilized
tetragonal zirconia polycrystal surface roughness, produced with aluminum oxide airborne-particle
abrasion and the erbium yttrium aluminum garnet (YAG), neodymium-doped YAG, or CO2 lasers.

Material and methods. This study was based on the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) checklist. The review identified relevant studies through
December 2017 with no limit on the publication year in the search databases: Web of Science,
Scopus, and MEDLINE via PubMed. The selected studies were submitted to a risk of bias
assessment. The means and standard deviations of roughness were evaluated for the meta-
analysis using Review Manager software.

Results. The 17 studies that met all inclusion criteria presented a medium risk of bias. All the
treatment methods tested were able to create a roughness on the yttria-stabilized tetragonal
zirconia polycrystal surface. The I2 test values presented a high heterogeneity among the studies.

Conclusions. The presintered specimens submitted to airborne-particle abrasion had higher
surface roughness compared with abrasion after the sintering process. Irradiation with the
neodymium-doped YAG and CO2 lasers was destructive to the zirconia surfaces. The erbium laser
used with lower energy intensity appears to be a promising method for surface
treatment. (J Prosthet Dent 2019;121:895-903)
When yttria-stabilized tetrag-
onal zirconia polycrystal (YTZP)
is subject to thermomechanical
factors, transformation of its
tetragonal to monoclinic phase
occurs.1-3 This transformation-
toughening property is respon-
sible for its high fracture
resistance,3,4 making zirconia
suitable for use as a frame-
work for fixed dental prosthe-
ses, resin-bonded fixed dental
prostheses, and dental implant
abutments.3-6

The clinical success and
reliability of a ceramic system
are related to the mechanical
integrity and bond strength of
the materials.7-11 Chipping of
the veneer ceramic and dece-
mentation of the prosthetic
crown are the most frequent

failures in restorations using zirconia as a framework.12-22

For this reason, new strategies are needed to increase the
bond strength at the interface, including increasing the
surface roughness of zirconia.3,23

Different types of lasers and airborne-particle abra-
sion with aluminum oxide have been tested in laboratory
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studies to enhance zirconia roughness, with variable and
divergent results.23-40 For instance, some treatments
triggered the transformation of the tetragonal to mono-
clinic phase (t/m), resulting in surface microcracks and
creating a layer of residual compressive stresses due to
the increased volume of the zirconia, thus, emphasizing
public, commercial, or not-for-profit sectors.

Rio de Janeiro, Brazil.
FF), Rio de Janeiro, Brazil.
FF), Rio de Janeiro, Brazil.
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Clinical Implications
Surface roughness is essential for the retention
of dental restorations. These results provide a
reference for the most researched and effective
surface treatments. Also, they indicate which
treatment might compromise the mechanical
properties of zirconia and lead to premature failure.
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the need to better understand the effects of different
zirconia treatments.26-33,41-58

The purpose of this systematic review with meta-
analysis was to evaluate the available scientific literature
and answer the research question: in surface treatment,
what are the differences resulting from the use of erbium
yttrium aluminum garnet (YAG), neodymium-doped (Nd)
YAG, or CO2 lasers and the aluminum oxide airborne-
particle abrasion in the creation of rough surfaces in
zirconia ceramics?

MATERIAL AND METHODS

The systematic review and meta-analysis were based on
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) checklist. The patient, problem,
or population; intervention; comparison, control, or
comparator; outcome (PICO) tool was used to develop the
research strategies. The studied population (P) comprised
specimens made of YTZP material, according to the ISO
6872.3 Intervention (I) was characterized by treatment
methodologies to create surface roughness based on
airborne-particle abrasion protocols with aluminum ox-
ide particles and with the use of erbium-YAG, Nd:YAG,
or CO2 laser. Only those studies that had a control group
(C) without surface treatment were selected. The
outcome (O) of interest was the surface roughness
evaluated by a profilometer.

The bibliographic research was carried out in the
following search databases: Web of Science Core
Collection, Scopus, and MEDLINE via PubMed, to
identify relevant studies through December 2017 with no
limit on the publication year. The specific medical subject
headings (MeSH) and the key words (free text word)
were also used: (((((((zirconium[MeSH Terms]) OR zir-
conium[Title/Abstract]) OR zirconia[Title/Abstract]) OR
yttria*[Title/Abstract]) OR y-tzp[Title/Abstract]) OR y tzp
[Title/Abstract])) AND (((((((((((((Air abrasion, dental
[MeSH Terms]) OR lasers[MeSH Terms]) OR Air abra-
sion, dental[Title/Abstract]) OR lasers[Title/Abstract]) OR
laser[Title/Abstract]) OR air abrasion*[Title/Abstract])
OR sand blasting[Title/Abstract]) OR sandblast*[Title/
Abstract]) OR al2o3[Title/Abstract]) OR Er:yag[Title/
Abstract]) OR Nd:yag[Title/Abstract]) OR co2[Title/
Abstract]) OR Surface treatment[Title/Abstract]).
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First, the titles and abstracts were analyzed inde-
pendently by 2 authors (F.V.M. and E.M.F.) and selected
for full reading if they met the following inclusion criteria:
relation with dentistry, relation with zirconia, and eval-
uation of surface roughness with a profilometer. In the
second step, the final inclusion was done based on the
complete text and with the consensus of the authors.
Studies that met the following criteria were included:
control groups without surface treatment, zirconia spec-
imens submitted to the sintering process, and data pre-
sented as the mean and standard deviation. Studies that
did not allow the isolated evaluation of the treatment
effect, such as those submitted to thermal procedures or
force tests, resin cementation, or the application of
ceramic veneering, were excluded. For each step, the
interrater agreement (kappa) between evaluators in study
inclusions was calculated.

The risk of bias assessment was adapted based on the
study by Aurélio et al3 The analysis was performed ac-
cording to the following parameters: division of the
specimens into groups in a random manner, standardi-
zation of the specimen preparation, description of the
surface treatment methodology with aluminum oxide
particles or lasers, implementation of the single operator
protocol, demonstration of the sample size calculation,
blinding of the testing machine operator, and the test
design, and the surface roughness calculation according
to the ISO standards. The score was thus defined: zero if
the study reported the roughness test performed and
presented the parameters clearly, score 01 if the study
reported the roughness test performed and presented the
parameters incompletely, and score 02 if the study re-
ported the roughness test performed but did not present
the parameters. The studies scored from zero to 04 were
classified as low risk, from 05 to 09 as medium risk, and
from 10 to 14 as high risk of bias.

A protocol for data collection was defined and then
extracted by the author (F.V.M) and checked by the
second author (C.T.M.). Any disagreement was discussed
between the authors. For the systematic review, the
following data were extracted: author and year, YTZP
brand manufacturer, YTZP grain size, comparison
groups, and profilometer equipment.

In the meta-analysis, the data of the experimental and
control groups were compared. All analyses were per-
formed using the Review Manager Software v5.3 using
the random effect model at a 5% significance level. For
studies that presented multiple groups, the Review
Manager calculator was used to create a comparison of
simple pairs. A value of P�.05 was considered statistically
significant (Z test). Heterogeneity among studies was
assessed using the I2 inconsistency test. Values above
50% were considered an indication of substantial het-
erogeneity. The “one-study remove” sensitivity analyses
were performed when there was high heterogeneity. The
Martins et al



PubMed
1123 studies

Web of Science
841 studies

2724 Studies

1957 Studies

47 Studies

17 Studies

1910 Excluded

30 Excluded

767 Duplicate papers removed

Step 1: Titles and abstracts reviewed
by two authors

Step 2: Articles reviewed and selected
by the authors’ consensus

Scopus
760 studies

Figure 1. Study selection according to PRISMA checklist. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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analyses were performed multiple times, each with a
different and single study removed, to detect whether
any one study unduly influenced the heterogeneity. The
authors interpreted the results.

The studieswere assessedas 3 groups. In a global group,
the data of all articles were included, one for airborne-
particle abrasion with aluminum oxide and one for all
types of lasers. In the airborne-particle abrasion subgroups,
different methodologies applied before or after the sinter-
ing process were evaluated both for the use of silicon car-
bide paper during the process of making the specimen and
for the airborne-particle abrasionwith aluminumoxide. For
the analysis of the laser, subgroups were created for the
different types of lasers. The mean and standard deviation
data for each subgroup were organized by the author
(F.V.M.) and checked by the second author (C.T.M.).
RESULTS

Figure 1 summarizes the selection of studies. Of the 1957
studies, 1910 were excluded because they did not meet
the eligibility criteria. The remaining 47 studies were
selected for full-text analysis, of which 30 articles were
excluded. Thus, 17 studies (Supplementary Table 1,
available online) fulfilled all inclusion criteria and were
included in this meta-analysis. The kappa values for the
interrater agreement between the reviewers were 0.92 for
the first step and 0.82 for the second step.

The 17 studies presented a medium risk of bias. The
most common risks of bias were the absence of a single-
operator protocol, absence of a description of the sample
size calculation, and lack of blind operation of the test
machine.
Martins et al
In the global analysis, all 17 studies were evaluated
(Fig. 2A). The meta-analysis presented a statistical dif-
ference among the groups, showing evidence that
roughness was higher in the experimental groups sub-
mitted to surface treatment (P�.05). A high heteroge-
neity among the studies was observed (I2=98%).

The first analysis of the subgroups was performed
using the aluminum oxide airborne-particle abrasion and
lasers. In this analysis, 26 data sets were used from the 17
studies included (Fig. 2B). In both strata, the meta-
analysis detected a statistical difference between the
groups, showing evidence that the roughness was higher
in the experimental groups submitted to surface treat-
ment (P�.05). The most significant difference was
observed in the laser subgroup, 1.37, when compared
with aluminum oxide airborne-particle abrasion, 0.49.
High heterogeneity among the studies was observed
(I2=97% and 98%).

In the selected studies, different methodologies were
reported for the preparation of the test specimens and
the airborne-particle abrasion with aluminum oxide. In
the second analysis, methodologies were subgrouped
into 4 modalities: polished with silicon carbide abrasive
papers in the presintered stage and airborne-particle
abrasion with aluminum oxide after the sintering pro-
cess; polished with silicon carbide abrasive papers in the
presintered stage and airborne-particle abrasion with
aluminum oxide after the sintering process; polished with
silicon carbide abrasive papers in the postsintered stage
and airborne-particle abrasion with aluminum oxide after
the sintering process; and no polish and airborne-particle
abrasion with aluminum oxide after the sintering process.
For the analysis of these subgroups, 16 data sets were
THE JOURNAL OF PROSTHETIC DENTISTRY



Study or Subgroup

1.1.1 Global

Experimental Control Mean Difference

IV, Random (95% CI)

Mean Difference

IV, Random (95% CI)

Abi-Rached et al. 2014
Arami et al. 2014
Arami S. et al. 2014

Mean SD Total Mean SD Total Weight

Cavalcanti et al. 2009 
Demir et al. 2012 
EI-Korashy et al. 2014 
Elsaka 2016
He et al. 2014
Karoca et al. 2009 
Kirmali et al. 2015 
Kirmali et al. 2015 
Queiroz et al. 2012 
Sarmento et al. 2014 
Subaşı et al. 2012 
Subaşı et al. 2014 
Subaşı M. et al. 2014 
Usumez et al. 2012 
Subtotal (95% CI)

0.8167
2.181
1.27
5.2088
0.435
0.778
2.47
2.3567
1.5567
0.8357
5.2314
0.455
0.625
0.544
0.61
0.77
3.33

0.2652
2.5404
1.0331
4.994
0.2653
0.0164
0.2248
1.7845
0.0679
0.0671
2.8052
0.184
0.1922
0.3022
0.2369
0.11
2.6709

60
70
30
48
40

5
20
33
30
70
70
40

6
40
93
21
45

721

0.35
0.23
0.23
0.545
0.22
0.472
1.245
0.63
1.1497
0.75
0.77
0.11
0.16
0.221
0.22
0.47
0.16

0.05
0.07
0.07
0.2943
0.03
0.0335
0.0815
0.42
0.5861
0.08
0.03
0.01
0.01
0.04
0.04
0.15
0.09

7.5%
3.5%
5.2%
1.0%
7.5%
7.6%
7.4%
3.1%
6.7%
7.6%
3.1%
7.6%
7.1%
7.4%
7.6%
7.5%
2.5%

20
7

10
12
10

5
20
11
30
10
10

3
20
31
21
15

4

239 100.0%

0.47 (0.40, 0.54)
1.95 (1.35, 2.55)
1.04 (0.67, 1.41)
4.66 (3.24, 6.09)
0.21 (0.13, 0.30)
0.31 (0.27, 0.34)
1.23 (1.12, 1.33)
1.73 (1.07, 2.38)
0.41 (0.20, 0.62)
0.09 (0.03, 0.14)
4.46 (3.80, 5.12)
0.35 (0.29, 0.40)
0.46 (0.31, 0.62)
0.32 (0.23, 0.42)
0.39 (0.34, 0.44)
0.30 (0.22, 0.38)
3.17 (2.39, 3.95)
0.77 (0.62, 0.92)

Heterogeneity: τ2=0.08; χ2=693.85, df=16 (P<.001); I2=98%
Test for overall effect: Z=10.08 (P<.001)

Total (95% CI) 721 239 100.0% 0.77 (0.62, 0.92)

Heterogeneity: τ2=0.08; χ2=693.85, df=16 (P<.001); I2=98%
Test for overall effect: Z=10.08 (P<.001)
Test for subgroup differences: Not applicable Favors

Control

Favors

Experimental

–4 –2 0 2 4

A

Figure 2. Forest plots analysis. A, global analysis.
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included (Fig. 2C). In the first 3 strata, the meta-analysis
detected a statistical difference between the groups,
showing evidence that the roughness was higher in the
experimental groups submitted to surface treatment
(P�.05). In the last strata, the meta-analysis did not
detect statistical difference (P=.06) between the control
and experimental groups. High heterogeneity was
observed between the studies (I2=98%) and low het-
erogeneity among the subgroups (I2=23.1%). The group
that used airborne-particle abrasion in the presintered
stage presented an effect size of 2.71 as the value of
greater surface roughness.

In the third analysis, the subgroups were examined
according to the type of laser, and 11 data sets were
included (Fig. 2D). It was not possible to create a
subgroup for the CO2 laser because only 1 study met
the inclusion criteria. The meta-analysis detected sta-
tistically significant difference among the groups,
showing evidence that roughness was higher in the
experimental groups submitted to surface treatment
(P�.05). The effect size favored the Nd:YAG laser as
the highest surface roughness value, 4.15, when
compared with the Er:YAG laser, 0.60. Once again,
high heterogeneity was observed between the studies
(I2=97% and 98%).

Sensitivity analyses were performed to identify the
studies responsible for the high heterogeneity. However,
THE JOURNAL OF PROSTHETIC DENTISTRY
none of the combinations led to a decrease in
heterogeneity.
DISCUSSION

The most frequent failure in restorations using zirconia as
infrastructure is veneer ceramic chipping.12-22 Cohesive
fractures of the veneering ceramic (chipping) occur more
frequently in the short term.18,19 In posterior restorations,
fractographic analyses identified the fracture origins as
often being on the occlusal surfaces, presumably from
repetitive occlusal contact.19

Debonding of the prosthetic restoration has been
presented as the second most frequent failure.18,19 In
oxide ceramic restorations, cementation bond strength
occurs by micromechanical and chemical retention be-
tween the adhesive cement and the ceramic surface.20

The absence of a silica component makes the zirconia
resistant to hydrofluoric acid and not susceptible to
silanization.10,11,16,17 Therefore, retention of a single
crown depends primarily on the geometry of the tooth
preparation.21 However, resin-bonded fixed dental
prostheses and crowns on short or excessively tapered
preparations are highly dependent on adhesive cemen-
tation.20-22 The roughness of the restoration surface in-
fluences micromechanical retention by increasing the
surface energy and wettability, thus allowing the cement
Martins et al



Abi-Rached et al. 2014
Arami et al. 2014
Arami S. et al. 2014
Cavalcanti et al. 2009 
Demir et al. 2012 

Arami et al. 2014
Arami S. et al. 2014
Cavalcanti et al. 2009 
Demir et al. 2012 

EI-Korashy et al. 2014 
Elsaka 2016
He et al. 2014
Karoca et al. 2009 
Kirmali et al. 2015 

Kirmali et al. 2015
Kirmali et al. 2015 

Kirmali et al. 2015 
Queiroz et al. 2012 
Sarmento et al. 2014 
Subaşı et al. 2012 
Subaşı et al. 2014 

Subaşı et al. 2012 
Subaşı et al. 2014 

Subaşı M. et al. 2014 
Usumez et al. 2012 

Usumez et al. 2012 

Subtotal (95% CI)

Subtotal (95% CI)

0.49 (0.39, 0.60)

1.37 (1.08, 1.67)

Heterogeneity: τ2=0.04; χ2=536.98, df=16 (P<.001); I2=97%
Test for overall effect: Z=9.00 (P<.001)

Heterogeneity: τ2=0.14; χ2=505.10, df=8 (P<.001); I2=98%
Test for overall effect: Z=9.23 (P<.001)

Total (95% CI) 0.68 (0.56, 0.80)

Heterogeneity: τ2=0.07; χ2=1285.30, df=25 (P<.001); I2=98%
Test for overall effect: Z=11.40 (P<.001)
Test for subgroup differences: χ2=30.80. df=1 (P<.001), I2=96.8%

Study or Subgroup

1.2.1 Airborne-particle abrasion

1.2.2 Lasers

Experimental Control Mean Difference

IV, Random (95% CI)

Mean Difference

IV, Random (95% CI)Mean SD Total Mean SD Total Weight

0.47 (0.40, 0.54)
0.35 (0.29, 0.41)
0.35 (0.30, 0.40)
1.09 (0.57, 1.61)
0.58 (0.42, 0.74)
0.31 (0.27, 0.34)
1.23 (1.12, 1.33)
1.73 (1.07, 2.38)
0.41 (0.15, 0.66)
0.15 (0.08, 0.22)
1.41 (0.84, 1.98)
0.35 (0.29, 0.40)
0.46 (0.31, 0.62)
0.53 (0.48, 0.58)
0.52 (0.47, 0.57)
0.30 (0.22, 0.38)
0.03 (–0.04, 0.10)

0.8167
0.58
0.58
1.635
0.8
0.778
2.47
2.3567
1.5567
0.9
2.18
0.455
0.625
0.753
0.74
0.77
0.19

2.3589
1.615
6.4
0.3133
0.825
5.74
0.335
0.34
4.9

0.2652
0.05
0.05
0.8716
0.25
0.0164
0.2248
1.7845
0.3934
0.08
0.92
0.184
0.1922
0.107
0.13
0.11
0.1

2.6193
1.119
5.2358
0.1183
0.0638
2.6894
0.29
0.14
1.7801

340

350

690

60
7

10
12
10

5
20
33
30
10
10
40

6
20
31
21
15

63
20
36
30
60
60
20
31
30

0.35
0.23
0.23
0.545
0.22
0.472
1.245
0.63
1.1497
0.75
0.77
0.11
0.16
0.221
0.22
0.47
0.16

0.23
0.23
0.545
0.22
0.75
0.77
0.221
0.22
0.16

0.05
0.07
0.07
0.2943
0.03
0.0335
0.0815
0.42
0.5861
0.08
0.03
0.01
0.01
0.04
0.04
0.15
0.09

0.07
0.07
0.2943
0.03
0.08
0.03
0.04
0.04
0.09

20
7

10
12
10

5
20
11
30
10
10

3
20
31
21
15

4

239

125

364

7
10
12
10
10
10
20
31
15

72.2%

27.8%

100.0%

4.8%
4.8%
4.8%
2.5%
4.5%
4.8%
4.7%
1.9%
4.0%
4.8%
2.2%
4.8%
4.5%
4.8%
4.8%
4.8%
4.8%

1.9%
2.6%
0.4%
4.8%
4.8%
1.8%
4.6%
4.8%
2.0%

2.13 (1.48, 2.78)
1.39 (0.89, 1.88)
5.86 (4.14, 7.57)
0.09 (0.05, 0.14)
0.07 (0.02, 0.13)
4.97 (4.29, 5.65)

0.11 (–0.01, 0.24)
0.12 (0.07, 0.17)
4.74 (4.10, 5.38)

Favors

Control

Favors

Experimental

–4 –2 0 2 4

B

Figure 2. (continued). B, Airborne-particle abraded versus control and laser versus control.
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or ceramic to flow into the microretentions and create a
stronger interlock.19,23

The present systematic review and meta-analysis
revealed that all treatment protocols were capable of
altering surface roughness. The meta-analysis showed
high data heterogeneity as well as a high standard de-
viation, as has been previously reported, possibly due to
the influence of the variables observed in the preparation
of the specimens and the surface treatment methodolo-
gies on the results.3

The preparation of the specimens consists of cutting
the zirconia and polishing with silicon carbide abrasive
papers to obtain a smooth surface. Of the 17 selected
studies, 13 different methodologies were used to prepare
the test specimens. The use of silicon carbide abrasive
papers played a key role in the results obtained in the
Martins et al
control groups.27,44,46,47 However, the protocols used for
the polishing machine were not reported. The soft pre-
sintered specimens presented higher surface roughness
and absence of grooves when compared with those
polished after the sintering process.27,47

Techniques such as airborne-particle abrasion with
aluminum oxide particles (Al2O3) were the most inves-
tigated surface treatment. In this systematic review,
94.7% of the airborne-particle abrasion was performed
after the sintering process and only 5.3% before the
sintering process.46,47

Airborne-particle abrasion with aluminum oxide
before the sintering process was the most effective
method because the presintered zirconia surface is softer
and, thus, may be more affected by abrasion pro-
tocols.46,47 Transformation of the tetragonal phase into
THE JOURNAL OF PROSTHETIC DENTISTRY



Study or Subgroup

1.3.1 Presintered polish and airborne-particle abrasion in presintered stage

Experimental Control

Favors

Control

Favors

Experimental

Mean Difference

IV, Random (95% CI)

Mean Difference

IV, Random (95% CI)Mean SD Total Mean SD Total Weight

Subtotal (95% CI)

He et al. 2014
Kirmali et al. 2015

Heterogeneity: τ2=3.31; χ2=35.20, df=1 (P<.001); I2=97%
Test for overall effect: Z=2.08 (P<.04)

1.3.2 Presintered polish and airborne-particle abrasion after sintering process

Subtotal (95% CI)

He et al. 2014
Kirmali et al. 2015

Abi-Rached et al. 2014

Heterogeneity: τ2=0.05; χ2=49.19, df=2 (P<.001); I2=96%
Test for overall effect: Z=2.74 (P=.006)

1.3.3 Polish after sintered and airborne-particle abrasion after sintering process

Arami et al. 2014
Arami S. et al. 2014
Demir et al. 2012 
EI-Korashy et al. 2014 
Queiroz et al. 2012 
Sarmento et al. 2014 
Subaşı et al. 2012 
Usumez et al. 2012 
Subtotal (95% CI)

–4 –2 0 2 4

Heterogeneity: τ2=0.02; χ2=152.16, df=7 (P<.001); I2=95%
Test for overall effect: Z=7.08 (P<.001)

1.3.4 No polish and airborne-particle abrasion after sintering process

Subtotal (95% CI)

Elsaka 2016
Karoca et al. 2009 
Subaşı et al. 2014 

4.65
2.18

1.21
0.9

0.8167

0.58
0.58
0.8
0.778
0.455
0.625
0.753
0.19

2.47
1.5567
0.77

1.01
0.92

0.4841
0.05

0.2652

0.05
0.05
0.25
0.0164
0.184
0.1922
0.107
0.1

0.2248
0.0679
0.11

0.63
0.77

0.63
0.75

0.35

0.23
0.23
0.22
0.472
0.11
0.16
0.221
0.16

1.245
1.1497
0.47

0.42
0.03

0.42
0.08

0.05

0.07
0.07
0.03
0.0335
0.01
0.01
0.04
0.09

0.0815
0.5861
0.15

Heterogeneity: τ2=0.34; χ2=194.09, df=2 (P<.001); I2=99%
Test for overall effect: Z=1.90 (P=.06)

Total (95% CI)

21

11
10

92

22
10

60

7
10
10

5
40

6
20
15
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Figure 2. (continued). C, Silicon carbide abrasive papers during presintered phase and airborne-particle abrasion during presintered phase, silicon
carbide abrasive papers during presintered phase and airborne-particle abrasion after sintering, silicon carbide abrasive papers after sintered process
and airborne-particle abrasion after sintered, and no polishing and airborne-particle abrasion after sintered.
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the monoclinic phase (t/m), the formation of micro-
cracks, and the removal of the zirconia grains may also be
avoided.46,47 Other authors who performed surface
treatment before the sintering process but who did not
meet the inclusion criteria for this systematic review re-
ported a rougher surface from scanning electron micro-
scope images.28-33

Sintered zirconia has a high stiffness, which makes it
difficult to change its surface morphology.3 Recommen-
dations to improve the effectiveness of airborne-particle
abrasion with aluminum oxide have included increasing
air pressure,41,43,46,50 including particles of larger diam-
eter,27,44,46,47,50 increasing the abrasion time, or a com-
bination of these.44,53 However, many of these methods
THE JOURNAL OF PROSTHETIC DENTISTRY
may result in excessive abrasion, which is believed to
stress the zirconia surface and to accelerate the t/m
transformation.3 Thus, the higher energy impact can
cause loss of ceramic grains or the formation of micro-
cracks, compromise its mechanical properties, and cause
premature failure.4,26,45

The use of the CO2 (wavelength of 10 600 nm),
Nd:YAG (wavelength of 1064 nm), Er:YAG, and
Er,Cr:YSGG (wavelength of 2780 nm and 2940 nm) lasers
in dental therapy expanded as a consequence of favorable
in vitro and clinical studies.34,35 Lasers have been used to
clean implant surfaces, to treat peri-implantitis, to
remove carious lesions, to prepare cavities, and to modify
dentin to minimize marginal microleakage.34-36
Martins et al
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Figure 2. (continued). D, Analyses of Er:YAG and Nd:YAG lasers. Nd, neodymium-doped; YAG, yttrium aluminum garnet.
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Studies of the Nd:YAG laser have indicated that
treatment with a power of 1.5 W creates surface micro-
cracks.26,49 With increasing irradiation intensity, micro-
cracks forming substantial flaws and loss of ceramic
material became evident.26 Arami et al26 reported that 2-
and 2.5-W irradiation caused areas of surface melting,
cracks, and a carbonized layer with silver pigments.
Usumez et al52 confirmed that the treatment with the
Nd:YAG laser led to the transformation of the tetragonal
phase into the monoclinic phase.

Arami et al26 also reported that the high temperature
of the CO2 laser facilitates melting of the zirconia surface
and creates surface microcracks. The laser works by
transforming the energy irradiated into heat.37-40 Light
absorption is influenced by pigmentation, amount of
water, and surface roughness.37,38,48 Studies indicate that
the cited defects are formed on the zirconia surface
during a local temperature change.40 The melting and
solidification process generates a volume change in the
material, creating internal stress and cracking.39,40 Other
authors who used the CO2 laser but did not meet the
inclusion criteria for this systematic review observed the
formation of surface microcracks from scanning electron
microscope images.26,54-56

The Er:YAG and Er,Cr:YSGG lasers can remove sur-
face particles by microexplosions (ablation) and vapor-
ization.24,27,40 Fusion of the ceramic material, formation
Martins et al
of microcracks, and color change have been reported in
some situations.25,27,48,49 Subaşı and _Inan25 stated that
the microexplosions create debris that can adhere to the
melted ceramic surface, bind to the resin cement, and
compromise the bond strength.

Cavalcanti et al51 reported that the use of erbium laser
with lower energy intensity may be a viable method for
surface treatment of zirconia. Arami et al26 reported that
surfaces treated by the Er:YAG laser, at its lowest power,
showed a surface roughness similar to abrasion with
aluminum oxide.

One common aspect among the studies is the
absence of a methodology for the laser application. In all
17 studies, the laser equipment produced beams with
diameters of 0.3 mm to 1.3 mm and was applied
manually. This application model can result in untreated
areas or over irradiated areas.

CONCLUSIONS

Based on the results of this systematic review, the
following conclusions were drawn:

1. Airborne-particle abrasion with aluminum oxide on
presintered zirconia is currently the most efficient
methodology.

2. Sintered zirconia is a high stiffness material, which
makes it difficult to change its surface morphology.
THE JOURNAL OF PROSTHETIC DENTISTRY
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3. Irradiation with the Er:YAG, Nd:YAG, and CO2 la-
sers was destructive due to the formation of a
melted surface, large cracks, and a carbonized layer
with silver pigments.

4. An erbium laser used with lower energy intensity
was the only nondetrimental laser methodology for
the zirconia surface, providing roughness similar to
that of airborne-particle abrasion with aluminum
oxide.

REFERENCES

1. Al-Amleh B, Lyons K, Swain M. Clinical trials in zirconia: a systematic re-
view. J Oral Rehabil 2010;37:641-52.

2. Denry I, Kelly JR. State of the art of zirconia for dental applications. Dent
Mater 2008;24:299-307.

3. Aurélio IL, Marchionatti AME, Montagner AF, May LG, Soares FZM. Does
air particle abrasion affect the flexural strength and phase transformation of
Y-TZP? A systematic review and meta-analysis. Dent Mater 2016;32:827-45.

4. Passos SP, Nychka JA, Major P, Linke B, Flores-Mir C. In vitro fracture
toughness of commercial Y-TZP ceramics: a systematic review. J Prosthodont
2015;24:1-11.

5. Raigrodski AJ, Chiche GJ, Potiket N, Hochstedler JL, Mohamed SE, Billiot S,
et al. The efficacy of posterior three-unit zirconium-oxide-based ceramic fixed
partial dental prostheses: a prospective clinical pilot study. J Prosthet Dent
2006;96:237-44.

6. Tinschert J, Schulze KA, Natt G, Latzke P, Heussen N, Spiekermann H.
Clinical behavior of zirconia-based fixed partial dentures made of DC-Zirkon:
3-year results. Int J Prosthodont 2008;21:217-22.

7. de Oyagüe RC, Monticelli F, Toledano M, Osorio E, Ferrari M, Osorio R.
Influence of surface treatments and resin cement selection on bonding to
densely-sintered zirconium-oxide ceramic. Dent Mater 2009;25:172-9.

8. Atsu SS, Kilicarslan MA, Kucukesmen HC, Aka PS. Effect of zirconium-oxide
ceramic surface treatments on the bond strength to the adhesive resin.
J Prosthet Dent 2006;95:430-6.

9. Amaral R, Ozcan M, Bottino MA, Valandro LF. Microtensile bond strength of
a resin cement to glass infiltrated zirconia-reinforced ceramic: the effect of
surface conditioning. Dent Mater 2006;22:283-90.

10. Manhart J, Chen H, Hamm G, Hickel R. Buonocore Memorial Lecture. Re-
view of the clinical survival of direct and indirect restorations in posterior
teeth of the permanent dentition. Oper Dent 2004;29:481-508.

11. Lung CYK, Matinlinna JP. Aspects of silane coupling agents and surface
conditioning in dentistry: an overview. Dent Mater 2012;28:467-77.

12. Raigrodski AJ, Hillstead MB, Meng GK, Chung K-H. Survival and compli-
cations of zirconia-based fixed dental prostheses: a systematic review.
J Prosthet Dent 2012;107:170-7.

13. Sailer I, Makarov NA, Thoma DS, Zwahlen M, Pjetursson BE. Corrigendum
to “All-ceramic or metal-ceramic tooth- supported fixed dental prostheses
(FDPs)? A systematic review of the survival and complication rates. Part I:
single crowns (SCs)” [Dental Materials 31 (6) (2015) 603-623]. Dent Mater
2016;32:e389-90.

14. Anusavice KJ. Standardizing failure, success, and survival decisions in clinical
studies of ceramic and metal-ceramic fixed dental prostheses. Dent Mater
2012;28:102-11.

15. Heintze SD, Rousson V. Survival of zirconia- and metal-supported fixed
dental prostheses: a systematic review. Int J Prosthodont 2010;23:493-502.

16. Inokoshi M, De Munck J, Minakuchi S, Van Meerbeek B. Meta-analysis of
bonding effectiveness to zirconia ceramics. J Dent Res 2014;93:329-34.

17. Thompson JY, Stoner BR, Piascik JR, Smith R. Adhesion/cementation to
zirconia and other non-silicate ceramics: where are we now? Dent Mater
2011;27:71-82.

18. Koenig V, Vanheusden AJ, Le Goff SO, Mainjot AK. Clinical risk factors
related to failures with zirconia-based restorations: an up to 9-year retro-
spective study. J Dent 2013;41:1164-74.

19. Tzanakakis E-GC, Tzoutzas IG, Koidis PT. Is there a potential for durable
adhesion to zirconia restorations? A systematic review. J Prosthet Dent
2016;115:9-19.

20. Papia E, Larsson C, du Toit M, Vult von Steyern P. Bonding between oxide
ceramics and adhesive cement systems: a systematic review. J Biomed Mater
Res B Appl Biomater 2014;102:395-413.

21. Alves M, Campos F, Bergoli CD, Bottino MA, Özcan M, Souza R. Effect of
adhesive cementation strategies on the bonding of Y-TZP to human dentin.
Oper Dent 2016;41:276-83.

22. Chen J, Cai H, Ren X, Suo L, Pei X, Wan Q. A systematic review of the
survival and complication rates of all-ceramic resin-bonded fixed dental
prostheses. J Prosthodont 2018;27:535-43.
THE JOURNAL OF PROSTHETIC DENTISTRY
23. Özcan M, Bernasconi M. Adhesion to zirconia used for dental restorations: a
systematic review and meta-analysis. J Adhes Dent 2015;17:7-26.

24. Lin Y, Song X, Chen Y, Zhu Q, Zhang W. Effect of Er:YAG laser irradiation on
bonding property of zirconia ceramics to a resin cement. Photomed Laser
Surg 2013;31:619-25.
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Supplementary Table 1. Studies included

No. Author and Year YTZP Brand YTZP Grain Size Comparison Groups Profilometer Equipment

1 Abi-Rached et al44

2014
Lava Frames; 3M ESPE 0.537 mm 50 mm Al2O3, 15 s, 0.28 MPa, 10 mm Surftest SJ-400; Mitutoyo

Corp120 mm Al2O3, 15 s, 0.28 MPa, 10 mm

250 mm Al2O3, 15 s, 0.28 MPa, 10 mm

2 Subaşı et al43

2012
VITA In-Ceram; 2000 YZ for
inLab

0.6 mm 110 mm Al2O3, 15 s, 0.3 MPa, 10 mm Mitutoyo Surftest 402
Series 178Er:YAG, 15 s, 400 mJ, 10 Hz, 4 W

3 Sarmento et al45

2014
Lava; 3M ESPE 0.537 mm 110 mm Al2O3, 20 s, 0.25 MPa, 10 mm Wyko NT 1100 Optical

Profiling System; Veeco110 mm Al2O3, 20 s, 0.35 MPa, 10 mm

4 Subaşı MG et al25

2014
VITA In-Ceram; YZ for inLab 0.6 mm 110 mm Al2O3, 15 s, 0.3 MPa, 10 mm Mitutoyo Surftest 402

Er:YAG, 15 s, 400 mJ, 10 Hz, 4 W

5 He et al46 2014 Nissin-Metec N/A 110 mesh Al2O3, 10 s, 0.2 MPa, 10 mm JB-4C; Taiming Optical
Instrument100 mesh Al2O3, 10 s, 0.4 MPa, 10 mm

6 Arami et al26 2014 ICE Zirkon; Zirkonzahn GmbH N/A 50 mm Al2O3, 10 s, 0.28 MPa, 10 mm T-8000 Hommel Werke;
JenoptikEr:YAG, 10 s, 4.39 J/cm2, 10 Hz, 1.5 W, 4 mm

Er:YAG, 10 s, 5.85 J/cm2, 10 Hz, 2 W, 4 mm

Er:YAG, 10 s, 7.32 J/cm2, 10 Hz, 2.5 W, 4 mm

Nd:YAG, 60 s, 111.96 J/cm2, 10 Hz, 1.5 W, 1 mm

Nd:YAG, 60 s, 149.28 J/cm2, 10 Hz, 2 W, 1 mm

Nd:YAG, 60 s, 186.6 J/cm2, 10 Hz, 2.5 W, 1 mm

CO2, 60 s, 2.29 J/cm2, 10 Hz, 3 W, 1 mm

CO2, 60 s, 3.05 J/cm2, 10 Hz, 4 W, 1 mm

CO2, 60 s, 3.82 J/cm2, 10 Hz, 3 W, 1 mm

7 Kirmali et al47

2015
Noritake Co 0.78 mm 120 mm Al2O3, 15 s, 0.2 MPa, 10 mm Mitutoyo Surftest SJ-301

Er:YAG, 20 s, 10 Hz, 1 W, 10 mm

Er:YAG, 20 s, 10 Hz, 2 W, 10 mm

Er:YAG, 20 s, 10 Hz, 3 W, 10 mm

Er:YAG, 20 s, 10 Hz, 4 W, 10 mm

Er:YAG, 20 s, 10 Hz, 5 W, 10 mm

Er:YAG, 20 s, 10 Hz, 6 W, 10 mm

8 Karakoca and
Yilmaz41 2009

Cercon; Degudent GmbH,
DentaCAD; Hint-Els GmbH,
Zirkonzahn; Zirkonzahn GmbH

0.25-1.4 mm; N/A 110 mm Al2O3, 15 s, 0.4 MPa, 30 mm Surtronic 10; Taylor
Hobson

9 El-Korashy and El-
Refai42 2014

inCoris ZI; Dentsply Sirona 0.4 mm 110 mm Al2O3, 10 s, 0.2067 MPa, 30 mm TR220; Time Group

10 Subaşı and Inan58

2014
VITA In-Ceram; YZ for inLab 0.6 mm 110 mm Al2O3, 10 s, 0.3 MPa, 10 mm Mitutoyo Surftest 402

11 Demir et al48 2012 VITA In-Ceram; YZ for inLab 0.6 mm 110 mm Al2O3, 50 s, 0.3 MPa, 10 mm Mitutoyo Surftest 402

Er:YAG, 15 s, 10 Hz, 200 mJ, 15.08 J/cm2, 10 mm

Er:YAG, 15 s, 10 Hz, 300 mJ, 22.61 J/cm2, 10 mm

Er:YAG, 15 s, 10 Hz, 400 mJ, 30.15 J/cm2, 10 mm

12 Arami et al49 2014 ICE Zirkon; Zirkonzahn GmbH N/A 50 mm Al2O3, 10 s, 0.28 MPa, 10 mm T-8000 Hommel Werke;
JenoptikEr:YAG, 10 s, 10 Hz, 2 W, 5.85 J/cm2, 4 mm

Nd:YAG, 60 s, 10 Hz, 1.5 W, 230 ms, 4 mm

13 Kirmali et al27

2015
Noritake Co 0.78 mm 120 mm Al2O3, 15 s, 0.2 MPa, 10 mm Mitutoyo Surftest SJ-301

Er, Cr:YSGG, 20 s, 20 Hz, 1 W, 10 mm

Er, Cr:YSGG, 20 s, 20 Hz, 2 W, 10 mm

Er, Cr:YSGG, 20 s, 20 Hz, 3 W, 10 mm

Er, Cr:YSGG, 20 s, 20 Hz, 4 W, 10 mm

Er, Cr:YSGG, 20 s, 20 Hz, 5 W, 10 mm

Er, Cr:YSGG, 20 s, 20 Hz, 6 W, 10 mm

(continued on next page)
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Supplementary Table 1. (Continued) Studies included

No. Author and Year YTZP Brand YTZP Grain Size Comparison Groups Profilometer Equipment

14 Queiroz et al50

2012
Cercon Zirconia; Dentsply
Sirona

0.25-1.4 mm 45 mm Al2O3, 2 s, 0.15 MPa, 10 mm NT 1100; Veeco

45 mm Al2O3, 2 s, 0.25 MPa, 10 mm

45 mm Al2O3, 2 s, 0.45 MPa, 10 mm

145 mm Al2O3, 2 s, 0.25 MPa, 10 mm

145 mm Al2O3, 2 s, 0.45 MPa, 10 mm

45 mm Al2O3, 4 s, 0.15 MPa, 10 mm

45 mm Al2O3, 4 s, 0.25 MPa, 10 mm

45 mm Al2O3, 4 s, 0.45 MPa, 10 mm

145 mm Al2O3, 4 s, 0.25 MPa, 10 mm

145 mm Al2O3, 4 s, 0.45 MPa, 10 mm

15 Cavalcanti et al51

2009
Cercon Smart Ceramics;
Degudent, Procera Zirconia;
Nobel Biocare

0.25-1.4 mm; 0.3-1.6 mm 53 mm Al2O3, 15 s, 0.15 MPa, 10 mm Tandem scanning confocal
microscope; Noran
Instruments

Er:YAG, 5 s, 10 Hz, 200 mJ

Er:YAG, 5 s, 10 Hz, 400 mJ

Er:YAG, 5 s, 10 Hz, 600 mJ

16 Usumez et al52

2013
ICE Zirkon Translucent;
Zirkonzahn

N/A 110 mm Al2O3, 15 s, 0.28 MPa, 10 mm Perthometer; Mahr

Nd:YAG, 60 s, 10 Hz, 200 mJ, 180 ms

Nd:YAG, 60 s, 10 Hz, 200 mJ, 320 ms

17 Elsaka53 2016 Zenostar T PSZ ZT; Wieland
Dental, Prettau Anterior FSZ PA;
Zirkonzahn

d 50 mm Al2O3, 20 s, 0.2 MPa, 15 mm Surftest SJ-201P; Mitutoyo

Nd, neodymium-doped; YAG, yttrium aluminum garnet; YTZP, yttria-stabilized tetragonal zirconia polycrystal.
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