ACTA BIOMATERIALIA ODONTOLOGICA SCANDINAVICA, 2017
VOL. 3, NO. 1, 8-20
http://dx.doi.org/10.1080/23337931.2017.1293486

Taylor & Francis
Taylor &Francis Group

REVIEW ARTICLE

3 OPEN ACCESS

The effect of grinding and/or airborne-particle abrasion on the bond
strength between zirconia and veneering porcelain: a systematic review

Karin Lundberg, Lindsey Wu and Evaggelia Papia

Department of Materials Science and Technology, Faculty of Odontology, Malmo University, Malmo, Sweden

ABSTRACT

Objective: The aim of the study was to make an inventory of current literature on the bond
strength between zirconia and veneering porcelain after surface treatment of zirconia by grind-
ing with diamond bur and/or with airborne-particle abrasion.

Material and methods: The literature search for the present review was made following recom-
mended guidelines using acknowledged methodology on how to do a systematic review. The
electronic databases PubMed, Cochrane Library, and Science Direct were used in the present
study.

Results: Twelve studies were selected. Test methods used in the original studies included shear
bond strength (SBS) test, tensile bond strength test, and micro-tensile bond strength test. The
majority of studies used SBS. Results showed a large variation within each surface treatment of
zirconia, using different grain size, blasting time, and pressure.

Conclusions: Airborne-particle abrasion might improve the bond strength and can therefore be
considered a feasible surface treatment for zirconia that is to be bonded. Grinding has been rec-
ommended as a surface treatment for zirconia to improve the bond strength; however, this rec-
ommendation cannot be verified. A standardized test method and surface treatment are
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required to be able to compare the results from different studies and draw further conclusions.

Introduction

The need for high-quality esthetic restoration has
resulted in the development of all-ceramic materials
as an alternative to the conventional metal-ceramic
[1,2]. Zirconia has become the most commonly used
all-ceramic core material due to its superior biocom-
patibility, esthetics, and mechanical properties [2-4].
Due to allergy or the desire for metal-free restora-
tions, increasing numbers of patients object to the use
of porcelain-fused-to-metal (PFM) [5]. The develop-
ment of computer-aided design and manufacturing
(CAD/CAM) technology has also contributed to the
increasing use of zirconia in dentistry [4], as it con-
tributes to reduced labor, cost effectiveness, and pro-
vides a standardized quality [6].

Zirconia is a polymorphic material with three allo-
tropes which are stable in different ranges of tempera-
ture (monoclinic at 1170°C, tetragonal at 2370°C,
and cubic at 2680°C). In the transition between the
tetragonal and the monoclinic phase (T—M), a vol-
ume expansion of 3-5% occurs; however, this volume

expansion can be used as an advantage by maintain-
ing the tetragonal phase in room temperature. This is
achieved by adding an oxide, such as yttria, ceria, or
magnesia. The most commonly used oxide is yttria
(Y,03), which makes zirconia yttria-stabilized tetrag-
onal zirconia polycrystals (Y-TZP). As a consequence,
when Y-TZP is exposed to stress, micro-cracks are
formed and, as a result, a phase transformation will
occur leading to a volume expansion that will create
compressive stresses at the tip of the crack and pre-
vent the crack from propagating. This is called trans-
formation toughening, resulting in a higher fracture
toughness of Y-TZP compared to conventional ceram-
ics and alumina-based oxide ceramics, allowing
Y-TZP to be used as a framework material for fixed
dental prostheses (FDPs) [2,7-9].

To attain better mechanical properties, the replace-
ment of yttria with ceria (Ce) has resulted in a signifi-
cant increase in fracture toughness, which makes ceria-
stabilized tetragonal zirconia polycrystals (Ce-TZP).
However, the flexural strength is negatively affected.
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To overcome this low flexural strength, the Ce-TZP is
alloyed with alumina (Ce-TZP/A). This makes
Ce-TZP/A compatible as a material for FDPs [10,11].

To achieve the appearance of natural teeth, the
Y-TZP core is veneered with porcelain. The most fre-
quent reason for failure of all-ceramic restorations is
described as ‘chip-off fractures’ of the veneering por-
celain or, more properly, called ‘veneering material
fractures’ [12]. Nevertheless, the survival rate for zir-
conia-based restorations remains high, despite the
veneering material fractures [13]. In a recent review,
by Larsson et al. [14], zirconia-based crowns showed
a 5-year survival rate exceeding 95%, essentially equal
to that of metal-based crowns. However, Larsson et al.
[14] also report that, while the survival rates for
metal-based and zirconia-based crowns appear to be
similar, the reported increased risk of veneering
material fractures remains a cause of concern, mean-
ing that, even if the risk of fractures is low, it is still a
problem that needs to be addressed [12].

As there are many factors influencing the risk of
fracture of the veneering porcelain, the cause of
veneering material fractures is complex. The factors
that have been discussed are the mechanical proper-
ties of the core and veneering material, design, ther-
mal conductivity, and differences in the thickness
ratio and the difference in the coefficient of thermal
expansion between the core and the veneering mater-
ial [15]. As the mechanical properties of the veneering
porcelain used for zirconia have been improved, they
are now comparable with the porcelain used for
metal-ceramic restorations. Despite this, the veneering
fractures remain a problem [12,16]. Compared to
metal frameworks that have mechanical and chemical
bonding mechanisms between the metal core and
veneering porcelain, knowledge of the bonding mech-
anisms between Y-TZP and the veneering porcelain is
lacking [17]. Many efforts have been made to improve
the core and veneer bond strength by modifying the
surface properties using various surface treatments,
both chemically and mechanically [18,19]. Airborne-
particle abrasion with aluminum oxide (Al,Os;) is one
of the most common surface treatments [20]. The
application of liner or silica coating is another tech-
nique that is often used [7].

Many manufacturers recommend airborne-particle
abrasion to increase the surface roughness and ultim-
ately provide undercuts [21]. These undercuts help to
increase the surface area, thereby providing better
wettability and finally creating micromechanical inter-
locking. Hence, when using surface treatments,
whether it is roughening by airborne-particle abrasion
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or grinding of zirconia, unavoidable surface damage
will occur. This damage creates surface flaws that can
induce micro-cracks, which dramatically reduce
strength and, consequently, expose the material to
fracture [15].

Furthermore, the effects of airborne-particle abra-
sion are controversial, as some authors claim that air-
borne-particle abrasion may trigger the phase
transformation (T— M) [19,22]. Phase transformation
on the surface of Y-TZP will create stresses in the
veneering porcelain due to the differing coefficients of
thermal expansion (TEC). The monoclinic phase has
a TEC of 7.5 x 10-6/°C, and the tetragonal phase has
a TEC of 10.8 x 10-6/°C. That difference will affect
the bond strength between the Y-TZP core and the
veneering porcelain. It is crucial that the TEC of the
two materials be as close as possible. If the difference
in thermal expansion is too big between Y-TZP and
the veneering porcelain, it can lead to a decrease in
bond strength [22,23]. Some authors suggest that heat
treatment after airborne-particle abrasion will reverse
the T— M transformation and reverse any damage
created at the surface by releasing the compressive
stresses [22,24]. According to one study [25], heat
treatment at 1200 °C for 2h did not show any healing
of micro-cracks; however, the stresses were released
making it less susceptive to thermal aging.

The purpose of roughening zirconia is to improve
the bond strength between core and veneer by micro-
mechanical interlocking [15,18]. Surface treatments
that have been suggested to improve the core and
veneer bond strength include airborne-particle abra-
sion with alumina oxide or grinding with diamond/
sandpaper/disk/wheel [18]. The handling conditions
during the process of making a zirconia core differ
from technician to technician; therefore, there is no
decisive evidence and consensus regarding what effect
these surface treatments have on the bond strength of
core and veneer.

The aim of this study was to make an inventory
of the current literature on the bond strength
between zirconia and veneering porcelain after zir-
conia has been surface treated by grinding with a
diamond bur and/or with airborne-particle abrasion
(ALO3).

Material and methods

The following question was addressed in the current
literature search:

Does grinding and/or airborne-particle abrasion
affect the bond strength between the zirconia core
and the veneering porcelain?
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Definitions

e Oxide ceramics were defined as yttria-stabilized
tetragonal zirconia polycrystals (Y-TZP), ceria-sta-
bilized zirconia/alumina (Ce-TZP/A), and magne-
sia-stabilized zirconia (MSZ).

e Airborne-particle abrasion was defined as particle
abrasion with aluminum oxide.

e Grinding was defined as a surface roughening
method using a diamond bur/wheel/disk.

e Veneering porcelain was defined as feldspathic
porcelain or other synthetic veneering porcelains.

e Bond strength was defined as shear bond strength
(SBS), tensile bond strength (TBS), and micro-ten-
sile bond strength (MTBS) since there is no ISO
standard for how to test the bond strength between
zirconia and veneering porcelain.

e Control group was defined as what the authors
stated.

Inclusion and exclusion criteria

Inclusion criteria for the addressed question were:
original articles, studies evaluating bond strength between
zirconia core and veneering porcelain, zirconia core
ground (grinded) and/or airborne-particle-abraded, and
studies that included a control group. Pre-treatments,
preparation, and cleaning of the specimens were not
taken into account.

Exclusion criteria for the addressed question were:
review articles, glass ceramics, studies that evaluated
different cement systems, and grinding with silicon
carbide abrasive papers or carborundum point.

Search strategy

The literature search for the present review was made
following recommended guidelines from Swedish
Agency for Health Technology Assessment and
Assessment of Social Services (SBU) and Goodman and
by using acknowledged methodology on how to do a
systematic review [26,27]. The current literature search
was made using the following electronic databases:
PubMed (U.S. National Library of Medicine), Science
Direct (Elsevier), and Cochrane Library (The Cochrane
Collaboration). The search was conducted in January
2016. Four blocks of search terms were created, com-
bining free-text terms by using the Boolean operator
‘OR’, Block 1 included the free-text terms: Y-TZP’,
‘zirconium’, ‘zirconia’, and ‘zirconium dioxide’. Block 2
included the free-text terms: ‘dental veneer’, ‘ceramics’,
and ‘dental porcelain’. Block 3 included the free-text
terms: ‘grinding’, ‘airborne-particle abrasion’, ‘surface

treatment’, ‘sandblasting’, and ‘blasting’. Block 4
included the free-text terms: ‘bond strength’ and
‘surface properties’. The four blocks were then com-
bined with the Boolean operator ‘AND’. No publica-
tion date was set, and English was chosen as language
filter. The search terms were chosen to be included in
title/abstract.

(Y-TZP OR zirconium OR zirconia OR zirconium
dioxide) AND (dental veneer OR ceramics OR dental
porcelain) AND (grinding OR airborne-particle abra-
sion OR surface treatment OR sandblasting OR blast-
ing) AND (bond strength OR surface properties)

To complete the literature search, snowballing was
conducted, meaning that the reference lists of the
retrieved articles were hand searched. Two independ-
ent observers read the titles and the abstract separ-
ately. The relevant publications were selected through
the titles and, when at least one author found one
study interesting, it was read in abstract, with the
focus on the bond strength between the zirconia core
and porcelain veneering. When at least one author
found an article relevant, it was read in full-text.
Abstracts that differed were discussed and, through
common agreement, they were further selected to full-
text or excluded. Articles that did not have an abstract
available went directly to full-text, and those that were
not available in full-text were ordered. Furthermore,
the full-text was read independently and disagree-
ments were also resolved through discussion. In the
case of articles where the information was unclear, the
corresponding authors were contacted. Depending on
the information that was given, the article was
reevaluated.

Results
Search results

The results of this literature search are presented in a
flow diagram, which shows the number of retrieved
articles and the following steps of the screening pro-
cess (Figure 1). In total, 342 publications were identi-
fied in the PubMed search. As a result of that, 182
articles were considered relevant after reading the
titles. Thereafter, the abstracts were retrieved for fur-
ther evaluation. Having read the abstracts, 32 poten-
tial articles were read in full-text. Following the
inclusion and exclusion criteria, a total of 10 relevant
articles remained. Additionally, snowballing was per-
formed and a further eight articles were retrieved
from the reference lists; however, only one of those
eight article remained. Furthermore, one article was
found prior to the main search. In the Science Direct
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Figure 1. Search strategy and the result of the literature search.

search, 266 publications were identified. In addition,
29 articles were further read in abstract. Finally, six
potential articles went on to full-text reading.
However, these were already identified in the PubMed
search. The search in the Cochrane Library, however,
did not produce any publications that were not identi-
fied in the PubMed search. In total, 12 articles were
included in the present review.
The main reasons for exclusion in full-text were:

e Studies did not match the inclusion/exclusion
criteria.
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e Studies did not evaluate the bond strength accord-
ing to the definitions.

o Difficulties determining the final result and the
information from corresponding authors was
unclear or no answer was given.

e Not original articles.

e Studies did not contain a control group.

Oxide ceramics and veneering porcelain

Among the oxide ceramics that were evaluated in the
present study were eight different brands of Y-TZP
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and one Ce-TZP/A [11]. The majority used Cercon
[18,22,28-30] or Lava [7,8,28,31] as a core material.
Regarding  veneering porcelain, six  different
brands were identified and the most common were
Cerabien ZR [3,11,18,21,31] and Cercon Ceram Kiss
[1,22,29-31]. All materials used in the included stud-
ies are summarized in Table 1.

Surface treatments

All included studies evaluated airborne-particle abra-
sion with aluminum oxide particles. The procedure of
airborne-particle abrasion varied in pressure, distance,
blasting time, and grain size. The majority of the
studies used a pressure of 0.2MPa [11,18,21,31],
0.35MPa [19,22,28,29], and 0.4MPa [3,17,18,31].
A distance of 10mm [3,11,17-19,21,22,30,31] and
blasting time of 10s [3,11,17-19,21,30,31] were used
by the majority of the studies. However, one study
used a distance of 15mm and 5s as blasting time
[29], and another study used 15s as blasting time
[22]. The grain size differed more among the studies,
ranging from 50 pm to 120 um (Figure 2). Heat treat-
ment after airborne-particle abrasion was performed
in three studies [21,22,31]. Additionally, one study
distinguished itself from the other selected studies as
the only one that performed airborne-particle abrasion
before sintering [18].

Among the included studies, two studies used
grinding as a surface roughening method using a dia-
mond bur [19,29] with different grit sizes ranging
from 90 pm to 100 pm. All grinding was performed
under water cooling and the speed ranged from
20000 to 200000 rpm.

Artificial aging

Four studies used artificial aging before carrying out
their test method [1,17,22,29]. The artificial aging pro-
cedures differed. Two of them used thermocycling,
and the number of cycles was set at 20000 at water
temperatures of 5 and 55°C [1,29]. Water storage
(37°C) was performed in one study for 4 weeks [22].
In one study, cyclic loading was performed with
10000 cycles with a frequency of 1.5Hz under room
conditions [17].

Control group

The control groups consisted of milled [28,29], non-
treated [31], ground [3,19], polished [11,21], or silicon
paper abraded [17,18,22] zirconia core. In two studies,
the control group consisted of metal-ceramic [1,30].

Test methods

SBS test was evaluated in 10 studies and was the
most common test method [1,3,11,17-19,21,22,29,30].
MTBS test was performed in one study [28], and
another study used TBS test [31] (Table 1).

Data extraction

The results and conclusions in the included studies
are summarized in Table 2. The results of all included
studies were gathered to calculate the cumulative
mean bond strength values in relation to which test
method that was used. The cumulative mean values of
SBS for control, airborne-particle abrasion, and grind-
ing were 26.8 MPa, 25.8 MPa, and 22.6 MPa, respect-
ively [1,3,11,17-19,21,22,29,30]. The cumulative mean
values of MTBS for control and airborne-particle
abrasion were 30.8 MPa and 31 MPa, respectively [28].
The cumulative mean values of TBS for control and
airborne-particle abrasion were 22 MPa and 40 MPa,
respectively [31].

Discussion

The purpose of a systematic literature review is to sys-
tematically collect and summarize available data and
to document the results and conclusions in a trans-
parent way that is reproducible. A systematic review
should be based on a well-defined question, a set of
inclusion and exclusion criteria, and clear evaluation
processes. The literature search for the present review
was made following recommended guidelines from
SBU and Goodman and using acknowledged method-
ology on how to do a systematic review with some
modifications such as not using PICO (population,
intervention, control, and outcome) due to the aim of
present study [26,27].

Three global databases were used in the search -
PubMed, Science Direct, and Cochrane Library - to
obtain as much information as possible and to avoid
publication bias. Building a search with MeSH terms
combined with free-text terms provides a controlled
overview of the search, compared to a search done
only with free-text terms, because it will give a more
sprawled result. However, the pilot search of the pre-
sent review showed no difference when MeSH terms
combined with free-text terms were used, compared
to just free-text terms, since the number of found
publications was the same. Two studies were not
found among the original studies. One because block
3 was not found in title/abstract and PubMed had not
indexed the other one at the time. Furthermore, the
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Studies

Core material Veneer material

Surface treatments

Artificial aging

Test method Result mean MPa

Aboushelib et al. [28]

Fischer et al. [21]

Guess et al. [1]

He et al. [18]

Kim et al. [3]

Korkmaz et al. [19]

Liu et al. [22]

Mosharraf et al. [29]

Nakamura et al. [31]

- Cercon (White) Nobel Rondo, Nobel

- Cercon (Yellow) biocare AB

- Lava (White)

- Lava (Yellow)

— Procera (Zirconia)

Vita In-Ceram YZ - Cerabien Zr

Cubes - Vintage ZR
- VM9
— Triceram

Cercon Cercon Ceram S
Nissin-Metec Cerabien ZR
Kavo Everest ZS Cerabien ZR
Zirkonzahn VM9

Cercon Cercon Ceram Kiss

- Cercon (White).
- Cercon (Colored)

Cercon Ceram Kiss

Lava - Vintage ZR (V2)
— Cercon Ceram
Kiss (CCK)
— Cerabien ZR (C2)

Milled surface (C)
Sandblasting
Al,03 (SB)
Sandblasting
Al,05 coated with
liner (SBL)

Polished with
diamond paste
©

Sandblasting
Al,05 (SB)
Sandblasting
Al,O3 coated with
liner (SBL)

Heat treatment
after sandblasting
Al,05 for group
VM9 (SBHT)

Metal-ceramic (C)
Sandblasting
Al,O3 coated
with liner (SBL)
Polished with sili-
cone paper (C)
Sandblasting
Al,03(SB)
Sandblasting
Al,05 before sin-
tering (SBBS)
Ground with
diamond disk
#320 (G)
Sandblasting
Al,03 (SB)
Sandblasting
Al,O3 coated
with liner (SBL)
Grinding with dia-
mond bur 100 um
Q)

Sandblasting
Al,03 (SB)

Silicon paper (C)
Sandblasting
Al,O5 coated with
liner (SBL)

Heat treatment
after sandblasting
Al,O3 coated with
liner (SBTHL)
Milled (C)
Sandblasting
Al,03 (SB)
Grinding with
diamond bur

90 um (G)
Sandblasting
Al,05 coated
with liner (SBL)
Non treated (C)
All specimens
were

heat treatment

Half group

Thermocycling 20,000

cycles (5-55°C)

Half of the specimens
were stored in 37°C

water for 4 weeks
(WS)

All specimens were

thermocycled 20.000

cycles (5-55°C)

MTBS

SBS

SBS

SBS

SBS

SBS

SBS

SBS

TBS

CW (C) 36.5
CW(SB) 42.4
CW (SBL) 28.5
CY (O) 316
CY(SB) 243
CY(SBL) 29.3
LW (C) 248
LW (SB) 29.7

W(SBL) 23.4

Y (C) 30.1
LY (SB) 20.8
LY(SBL) 29.4
P (C) 30.8
P(SB) 49.8
P(SBL) 31.9
CZ (C) ~ 28
CZ (SB) ~ 27.5
CZ(SBL) ~ 27
VZ (C) =~ 235
VZ (SB) ~ 29.5
VZ (SBL) =~ 22.5
VM9 (C) ~ 30.5
VM9 (SB) ~ 29.5
VM9 (SBL) ~ 29
VM9 (SBHT) ~ 19
T(Q) =~ 31
T (SB) = 21

T (SBL) ~ 26
Q) 27.6
(07?264
(SBL) 9. 4
(SBL)* 9
@ 20.97
(SBBS)** 35.02
(SB)** 25.04
(SB)*** 29.82

(G) 32.08
(SB) 36.63
(SBL) 30.51

(G) 11.59
(SB) 11.64

(C) 24.8

(

(SBHTL) 29 2
(CWS) 25.6
(SBLWS) 28.3
(SBHTLWS) 27.9

(continued)
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Table 1. Continued

Studies Core material

Nishigori et al. [17] Diazir

Oguri et al. [11] P-NANO ZR

Teng et al. [30] Cercon base

Veneer material Surface treatments Artificial aging Test method Result mean MPa

after sandblasting CCK** 49.5
Al,O; with differ- CZ** 37.8
ent pressure and
coated with liner

Vintage ZR Ground with sili-  Half the group SBS (O 21.3
con carbide paper were cyclic (CCL) 23.8
(@] loaded (CL) (SB) 34.1
Sandblasting (SBCL) 10.7
Al,03 (SB) (SBHT) 17.5
Heat treatment (SBHTCL) 29.3
after sandblasting
Al,03 (SBHT)

Cerabien Polished with SBS (C) 15.35
whetstone #325, (SB) 20.46
#1000 (C)
Sandblasting
Al,03 (SB)

Cercon Ceram S Metal-ceramic (C) SBS (C) 46.12
Sandblasting (SB) 39.14
Al,03 (SB)

*Thermocycling.

*0.2 MPa blasting pressure.
**0.4 MPa blasting pressure.
***0.6 MPa blasting pressure.

Table 2. A summary of the authors own results.

Included studies were the author
is presented in alphabetical order

Summary of the results

Aboushelib et al. [28]

The bond strength of the airborne-particle abraded Cercon white and Lava white had higher bond strength than

the milled group (control group), but not significant. Cercon yellow and Lava yellow had significant lower bond
strength than the milled group. Moreover, comparing the white and yellow of the same manufacture, the yellow
had significant lower micro-tensile bond strength than the white group.

Fischer et al. [21]

Airborne-particle abrasion did not increase the shear bond strength significantly. A significant decrease in shear

Guess et al. [1]

He et al. [18]

Kim et al. [3]
Korkmaz et al. [19]

Liu et al. [22]

Mosharraf et al. [29]

Nakamura et al. [31]

Nishigori et al. [17]

Oguri et al. [11]

Teng et al. [30]

bond strength for Vintage ZR after airborne-particle abrasion in conjunction with liner and polished with liner. A
significant difference was found between polished and airborne-particle abraded within the group of Triceram.
Thermocycling did not have any effect on the shear bond strength in any test group. Airborne-particle abrasion did

not have a significant influence on the bond strength between core and veneer.

Airborne-particle abrasion before sintering had a significantly higher shear bond strength than the control group
and the airborne-particle abraded group after sintering. A significant difference was also found in shear bond
strength between the airborne-particle abraded group after sintering and control group.

No significant difference was found between the groups.

No significant difference between the airborne-particle abraded group and the ground group with diamond bur,
however, airborne-particle abraded had higher bond strength.

The lowest initial mean shear bond strength was obtained in the control group, which was significantly lower than
the airborne-particle abraded group. No significant difference between airborne-particle abrasion and airborne-
particle abrasion with heat treatment was found. The values of the initial mean shear bond strength was not sig-
nificantly different from the groups that were stored in water.

Different types of zirconia ceramics had no significant effect on the shear bond strength. No significant difference
was found within the colored zirconia group. However, in the white zirconia group a significant difference was
found, in particular, the ground group that showed significantly lower shear bond strength values than as milled
(C) and airborne-particle abraded with liner.

Airborne-particle abrasion with 0.4 or 0.6 MPa showed significantly higher bond strength compared to the airborne-
particle abraded group of 0.2MPa. There was no significant difference in bond strength among the different
veneering porcelains.

The highest mean shear bond strength value was observed for the airborne-particle abraded group without cyclic
loading. In contrast to the airborne-particle abraded group with cyclic loading that showed the lowest values.
However, no significant effect of surface treatment and cyclic loading on the bond strength was found, except
for the group that was airborne-particle abraded, as cyclic loading for this group resulted in a decrease in shear
bond strength.

Airborne-particle abrasion and grinding showed significantly higher shear bond strength values compared to the
control group. The highest value was obtained in the airborne-particle abraded group. However, no significant
difference was found between the airborne-particle abraded and grinded group.

A significant difference among the test groups was observed. Further, airborne-particle abrasion showed lower shear
bond strength values than control (metal ceramic).
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Figure 2. A schematic illustration and an overview of the different surface treatments. Each number refers to a study, and each

exponent number represents a surface-treated group.

same search blocks were conducted in all three
databases.

A total of 12 studies were included in the present
systematic review and the result showed a large vari-
ation within each surface treatment for oxide ceramics
and differences in the selection of test methods evalu-
ating bond strength of core and veneer. This makes it

very difficult to compare the studies with one
another.

The purpose of roughening zirconia is to improve
the core and veneer bond strength by micromechani-
cal interlocking [15,18]. Surface treatments that have
been suggested to improve the core and veneer bond
strength include airborne-particle abrasion with
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Figure 2. Continued.

alumina oxide or grinding with diamond/sandpaper/
disk/wheel [18]. Since, there is no standard in the
process of treating zirconia, regardless of surface treat-
ment, one can find numerous variations, as seen in
the findings of the present review.

To increase the bond strength between core and
veneer, airborne-particle abrasion is a common sur-
face treatment. The bond strength is determined by
the weakest component [19] and, according to a few
studies [2,8,19,21,30], the weakest component is not
the interface, but the veneering porcelain itself. This
may explain why the bond strength has not increased
when the surfaces have been treated with airborne-
particle abrasion. Nevertheless, there are studies
[22,31] stating the opposite, that airborne-particle
abrasion with 0.4 MPa produces higher bond strength
value and, at the same time, the flexural strength of
Y-TZP is not significantly affected.

Based on the results from the present study, one
could see that airborne-particle abrasion in the

majority of the included studies gave a numeric differ-
ence compared to the control groups [3,17,21,28-30].
This might indicate that airborne-particle abrasion as
a surface treatment is in need of a subdivided surface
treatment to further enhance the effects of airborne-
particle abrasion. Nakamura et al. [31] stated that air-
borne-particle abrasion with 0.4 MPa and a grain size
of 70 pm will not damage the surface and will develop
a strong bond between Y-TZP and veneering porcel-
ain. Similarly to Nakamura et al. [31], Liu et al. [22]
found a significant difference after airborne-particle
abraded with 0.35MPa and a grain size of 50 pm
when compared to control group, meaning that air-
borne-particle abrasion resulted in higher bond
strength. This might indicate that blasting between
0.35 and 0.4 MPa with a grain size around 50 pm or
70 um  significantly improves the result of bond
strength. This might be supported by a study that
found that airborne-particle abrasion with 50 pm alu-
minum oxide is less severe to the surface of Y-TZP



compared with 120 um particles delivered at the same
pressure and offset distance [32]. Hence, the result of
the present review showed that the majority of the
studies that performed airborne-particle abrasion used
a pressure of 0.2 MPa and grain size at 110 um. This
might explain why no significant improvement in
bond strength was found, although, Oguri et al. [11]
found higher SBS when airborne-particle abraded
with 50 pm particle size at a pressure of 0.2 MPa.
However, this was on ceria-stabilized tetragonal zirco-
nia/alumina.

He et al. [18] found that airborne-particle abrasion
with 0.2MPa before sintering improved the surface
roughness by 500%, compared with the groups that
were airborne-particle abraded after sintering.
Consequently, this indicates that airborne-particle
abrasion before sintering could be a useful method to
improve surface roughness and successfully improve
the bond strength between zirconia and the veneering
porcelain. This might be explained, as He et al. [18]
describes it, by the much lower hardness of zirconia
prior to sintering, resulting in a rougher surface and
creating a larger surface area for mechanical interlock-
ing. However, comparing airborne-particle abrasion of
0.4 MPa after sintering with 0.2 MPa before sintering,
no significant difference was found. This might indi-
cate that surface roughness and bond strength may
not be linear, even though airborne-particle abrasion
with 0.2 MPa before sintering showed higher surface
roughness [18]. Moreover, Kim et al. [3] claim that
surface roughness increases the contact area, which
helps to reduce the interfacial failure of the core and
veneer, suggesting that it contributes to an increase in
bond strength of the core and veneer. However, there
are those who claim the opposite, meaning that air-
borne-particle abrasion will cause a phase transform-
ation (T—M) on the surface. Due to the development
of micro-cracks, a greater amount of monoclinic
phase will be created at the surface and eventually
lead to a decrease in bond strength [2,33]. It is also
believed that the amount of monoclinic phase greatly
depends on the particle size, blasting pressure, and
blasting time [3].

As a result of the present review, one could see
that all the included studies, apart from He et al. [18],
performed airborne-particle abrasion after sintering,
even though previous studies have reported that sur-
face treatments performed after sintering increase the
fracture risk, weaken the structure by inducing micro-
cracks, and increase the content of monolithic phase
[24,34,35]. In contrast, surface treatments before sin-
tering have been recommended as it helps to increase
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the fraction of the tetragonal phase, thereby enhanc-
ing the mechanical properties of Y-TZP [18,34].
Additionally, further studies are needed for a clearer
evaluation on the effects of airborne-particle abrasion
before sintering, as these results and conclusions are
based on one study found in the present review.

Grinding with diamond is a common step of fabri-
cation to bring out individual structures on the
Y-TZP core. Mechanical grinding on the surface can
cause a phase transformation, which can generate
higher levels of stress and cause a significant decrease
in the flexural strength [29,36]. According to
Korkmaz et al. [19], grinding did not improve the
SBS between core and veneer, in contrast to the
assumption that a rougher surface area of Y-TZP pro-
vides a better bonding. In agreement, Mosharraf et al.
[29] reported that grinding had a negative effect on
the SBS, as it showed significantly lower SBS values
when compared to the control group and to airborne-
particle abrasion with the use of a liner. This might
be because grinding does not create undercuts like
airborne-particle abrasion and, therefore, it is not able
to create micromechanical interlocking between the
Y-TZP and the veneering porcelain.

One can assume that the use of artificial aging is a
standard procedure when evaluating the bond
strength between two materials. However, in the pre-
sent systematic review, only four studies used artificial
aging [1,17,22,29]. Artificial aging is an essential part
while making an in vitro study, as it may otherwise
lead to unrealistically high strength values, ultimately
affecting the results and not making it comparable in
vivo [12,20]. Commonly used methods to simulate
aging of a material are thermocycling or cyclic pre-
loading in a wet environment, by resembling the
fatigue process in the oral environment [12]. In a
complex situation such as the oral environment, the
oral fluids are known to promote stress corrosion of
ceramic materials, which enhances crack growth when
water is present at the crack tip. This may lead to fur-
ther failure, reduce the fracture strength, and lead as
well to the development of flaws in the ceramic
material [1,12,37]. In the two studies that used ther-
mocycling as the aging procedure, the number of
cycles was set at 20000 with a temperature range
between 5 and 55°C. The result from one of the stud-
ies [1] showed no significant effect on the SBS after
thermocycling, while the other one did not evaluate
the effect of thermocycling at all [29]. The ISO/
TS1140:2003 standard for thermocycling recommends
using 500 cycles in a water temperature range between
5 and 55°C as an appropriate aging method [12,20].
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But, since there is no consensus regarding the appro-
priate procedure for aging, the number of cycles
therefore varies [12]. Another identified artificial
aging procedure was a short-term water storage that
was performed at 37°C over a 4-week period.
According to the study [22], water storage under a
short period of time did not have any effect on the
bond strength. However, according to the ISO stand-
ard 5.1.4.5, long-term storage for 6 months in water
with a temperature of 37°C is appropriate [20]. This
might explain why no difference was observed in the
study [22], since seeing any effect after such a short
amount of time does not seem likely. Additionally,
cyclic loading was performed in one study [17], in
room conditions. However, no significant difference
of cyclic loading was found, except for the airborne-
particle-abraded group where cyclic loading resulted
in a decrease of SBS. The specimens were stored in
water under room conditions, which make it difficult
to compare with the clinical situation. Nevertheless,
stimulated aging has its limitations and will never be
able to replace the real conditions of the oral environ-
ment [20]. Artificial aging should be considered as a
standard procedure to simulate aging when evaluating
the bond strength between different interfaces.

In this present review, four studies [17,21,22,31]
evaluated the effect of heat treatment after surface
treatment. Heat treatment can reverse transformation
and release the compressive stresses [17]. However,
according to two of the authors [17,21], heat treat-
ment significantly decreased the bond strength. The
decrease in bond strength might be explained by the
fact that heat treatment can relax the compressive
stresses at the surface but the micro-cracks do not
close at the temperature of 1000 °C, meaning that the
overall strength of Y-TZP is decreased [21]. By way of
contrast, Liu et al. [22] stated that heat treatment nei-
ther reduced nor enhanced the effect of airborne-par-
ticle abrasion.

Two studies [28,29] investigated whether using dif-
ferent Y-TZP materials had any effect on the bond
strength, specifically looking for differences between
white and colored material. According to Aboushelib
et al. [28], the colored group showed significantly
lower MTBS than the white group. This contrasts
with Mosharraf et al. [29], where no significant differ-
ence between the colored and white group was found,
although lower SBS values were obtained from the
white group. Aboushelib et al. [28] believes that color
pigments in the Y-TZP cause structural changes that
affect the core and veneer bond strength. This indi-
cates that colored Y-TZP can have an effect on the

bond strength. It should also be mentioned that these
two studies used different test methods, consequently
making it difficult to compare the results. Therefore,
it would be interesting to see more studies on colored
zirconia.

Different test methods can be used to evaluate the
bond strength between the zirconia core and veneer-
ing porcelain, each with advantages and disadvantages
[18]. The variation of test methods makes it hard to
compare the values. In the present review, one could
see that the majority of the selected studies evaluated
the bond strength with SBS test [1,3,11,17-19,21,
22,29,30]. Furthermore, the advantage of this test is
that it is easy to use and the applied forces are vertical
to the bonding area [29]; however, the test’s reliability
is questioned [20], as it can lead to undesirable stress
pattern distribution, causing cohesive fractures and
inaccurate interpretation of the data [2]. MTBS [28]
and TBS [31] are two other test methods that have
been used in the included studies. According to
Aboushelib et al. [28], the MTBS test has advantages,
such as that the applied force is perpendicular to the
test interface, and that the microbars reduce the risk
of inner structural flaws, therefore giving a more
accurate result on the core and veneer bond strength.
The drawback of the MTBS test is the need for careful
handling of the specimens to avoid structural defects.
The advantages of the TBS test are that the stresses
are less complex due to the small amount of material
consumed when the test is performed. The drawback
is that the attachment of the specimens can produce
inhomogeneous stresses and affect the result [20].
However, standardization for evaluating bond strength
on all-ceramic has not yet been determined [2,3].
Therefore, development of a stricter standardized
method to test the bond strength is necessary to
obtain clinically valuable data [29].

Two studies were excluded because they did not
evaluate the bond strength according to the defini-
tions set for the present review [2,8]. To evaluate the
bond strength, a three-point bending test was per-
formed, where Doi et al. [2] used the crack initiation
strength test. In the present review, flexural strength
tests were excluded because they have been proven to
give inaccurate results when evaluating bi-layered all-
ceramic restorations [2]. According to Doi et al. [2],
the actual bond strength between zirconia and veneer-
ing porcelain was not being tested, since cracks initi-
ated and propagated totally within the veneering
porcelain.

Finally, the results of all included studies were
gathered to calculate the cumulative mean bond



strength values relative to which test method was
used. The results showed that the lowest cumulative
mean SBS was observed for the ground group.
Furthermore, the highest cumulative mean SBS was
found in the control group; however, one should keep
in mind that two studies used metal-ceramic as their
control group, consequently providing a higher value
for the control group. It is hard to draw any conclu-
sions based upon the results shown by the respective
studies, as they use different materials and test meth-
ods, wultimately making the results scattered.
Moreover, since only one study tested MTBS and only
one other study tested TBS, further statements were
not able to be made. The few number of studies test-
ing MTBS and TBS might indicate that these test
methods are harder to perform.

As observed in the present review, it is hard to
draw any conclusions, since there are no standards
regarding surface treatments and test methods evalu-
ating the bond strength. The result is therefore scat-
tered. However, one can see in the results of the
present review that surface treatments differ depend-
ing on a variety of factors, such as the recommenda-
tions of the dental technician and the manufacturer.
In other words, there is a need for standardized meth-
ods in surface treatment and the evaluation of bond
strength. Further research is needed based on a well-
defined standard in order to be able to compare the
studies to one another.

Based on the findings and limitations of the pre-
sent review, the following conclusions are drawn: air-
borne-particle abrasion might improve the bond
strength and can therefore be considered as a feasible
surface treatment for zirconia that is to be bonded.
Grinding has been recommended as a surface treat-
ment for zirconia to improve the bond strength; how-
ever, this recommendation cannot be verified. A
standardized test method and surface treatment are
required to be able to compare the results from differ-
ent studies and draw further conclusions.
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