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Introduction
Dental Y-TZP is been widely used mainly because of its strengthened substructure. 

For better aesthetic effect, this restorative material may be layered with veneering 
porcelain. Nevertheless, previous studies have reported a significant incidence of 
failures such as porcelain cracking (25-50%), chipping (15-62%), fractures (3-33%) 
and delaminations (less than 10.7%) [1-5]. Therefore, the longevity of this type of 
restoration is directly related to the bond strength between these two materials. A 
combination of different factors can affect the dental zirconia–veneer adhesion in a 
bilayered dental yttria-stabilized tetragonal zirconia polycrystals (Y-TZP) restoration. 
Such factors are listed as a weak bond at zirconia/porcelain interface [6], Coefficient Of 
Thermal Expansion (CTE) [7] and elastic modulus mismatches between the porcelain 
and core, restoration design [8], cooling procedure [7,8], surface defects, and poor 
porcelain veneer strength [9].

To improve the bonding between zirconia core and porcelain veneer materials, 
surface treatment such as airborne-particle abrasion using alumina particles or SiC 
powder has been performed before veneering [9-17]. Airborne-particle abrasion also 
increases the bond strength between the luting agent and zirconia [18-24]. However, air 
abrasion procedures develop surface cracks on the zirconia surface, which negatively 
affect its fracture behaviour [25-28].  Additionally, sandblasting with 150-µm zirconia 
particles was reported as an alternative to reduce the damage caused to the zirconia 
material when compared to 150-µm alumina particles [27].

Thus, the present investigation evaluated the effect of airborne-particle abrasion 
with 30 µm SiO2 on a translucent Y-TZP ceramic. As external and internal restoration 
surfaces could be sandblasted to improve veneering and cementation bonding, 
respectively, the aim of this study was to evaluate the flexural strength of a veneered 
zirconia system after airborne-particle abrasion before veneering and as a pre-
cementation procedure. The null hypotheses are: (1) sandblasting zirconia ceramic 
surface before veneering would not affect its flexural strength, and (2) sandblasting 
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Abstract
Purpose: This study evaluated how the flexural strength of a zirconia-based ceramic 

(Y-TZP) was affected by air abrasion with 30 µm SiO2 on both zirconia surfaces: the 
cementation surface, and the veneering surface. 

Materials and Methods: Translucent Y-TZP ceramic bars, for four-point bend testing, 
were prepared and divided considering the compressive (surface treatment for cementation) 
and tensile surfaces (surface treatment for veneering). Sandblasting was performed 
or not for each compressive and tensile surfaces. The specimens from all experimental 
conditions were analysed by SEM. All specimens were tested in four-point bending. Data 
were statistically analysed using one-way ANOVA and Post Hoc tests (α= 0.05). A Weibull 
analysis was used to analyse the strength reliability. 

Results: According to the results of this investigation, the flexural strength was 
significantly affected by sandblasting on both surfaces: for veneering (P < 0.001) and for 
cementation (P < 0.001). 

Conclusions: Sandblasting the veneering surface, to improve bonding of the veneer 
to Y-TZP, negatively impacted strength reliability. Sandblasting the cementation surface 
decreased the flexural strength while increasing the strength reliability.
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and m is the Weibull modulus. The values were ranked using 
median ranking criteria.

Results
The XRD patterns presented monoclinic peaks in the pre-

sintered (no air-abrasion treatment) and sandblasted after 
sintering (Figure 1a). Monoclinic peaks were not detectable 
after polishing without sandblasting, which reveals that phase 
transformation (t-m) took place as a result of sandblasting. The 
reverse transformation (m-t) was observed after the sandblasted 
surfaces for veneering were submitted to the porcelain sintering 
cycle. However, after sandblasting the opposing surface 
(cementation surface) the phase transformation (t-m) took place 
and was only detected on the cementation side (Figure 1a). In 
addition, the transformed zone depth is presented in Figure 1b. 

The flexural strength was significantly affected by the 
sandblasting procedure on both surfaces, for veneering (P < 0.001) 

zirconia ceramic surface before cementation would not affect its 
flexural strength.

Methods
Zirconia blocks were provided as “partially sintered” by the 

manufacturer (Lava™ Plus, 3M ESPE, St. Paul, MN, USA, LOT: 
480872). Eighty bar specimens were machined and sintered in 
a Lava furnace 200 (3M ESPE, St. Paul, MN, USA), according to 
the manufacturer’s instructions. The final bar dimensions after 
sintering were 25 mm length x 4 mm width x 0.7 mm thickness. 
The specimens were cleaned in an ultra-sonic device with distilled 
water for 10 min and dried. The zirconia bars were divided into 
four groups (n=20) as shown in Table 1. Air-abrasion with 30 
µm SiO2 particles (RocatecTM Soft, 3M ESPE, Seefeld, Germany, 
LOT: 450384) was performed making circular movements at a 
distance of 10 mm with 2.5 bar pressure for 15 s with aid of a 
custom made jig, as previously reported [25].

To simulate the heat procedure during porcelain sintering, the 
specimens were submitted to the porcelain veneer VITA VM9 firing 
cycle (950ºC), according to the manufacturer’s instructions (Vita 
Zahnfabrik, Bad Säckingen, Germany). The specimens from G3 and 
G4 were sandblasted on the surface for veneering before heated as 
mentioned above. The specimens from G2 and G4 were sandblasted 
on the cementation surface after the firing cycle as described above. 

The specimens were investigated by X-ray diffractometry. The 
relative amount of transformed monoclinic structure (FM) on the 
zirconia surfaces was determined as described by Toraya, et al. 
[29] The Transformed Zone Depth (TZD) was determined on the 
treated zirconia surface and calculated according to the amount 
of the monoclinic phase taking into consideration that the 
grain transformation from tetragonal to monoclinic took place 
symmetrically along the surface. The TZD was obtained based on 
the equations described by Kosmac, et al. [30]. 

The specimens’ edges were chamfered using a custom made 
jig [24] according to ISO 14704 recommendations. All specimens 
were submitted to a four-point bending test in a universal testing 
machine having the veneering surface under tensile stress. The 
failed tested specimens were examined by stereomicroscopy 
and SEM. The flexural strength data were statistically analysed 
using two-way ANOVA. To assess material strength reliability, 
the flexural strength values were also analysed using Weibull 
distribution by the equation:

                     

Where P is the probability of failure, is the fracture strength, 
is the characteristic strength at the fracture probability of 63.2%, 

Figure 1a: Relative amount of monoclinic phase (FM) revealed by XRD on 
zirconia surface in different stages.

Figure 1b: Transformed zone depth (TZD) on zirconia sandblasted without 
porcelain sintering cycle. The specimens heated after sandblasting presented 
no detectable monoclinic phase which is attributed to the reverse phase 
transformation effect of the heat treatment procedure, from monoclinic to 
tetragonal. TZD estimates the thickness of the residual compressive stress 
layer and it is correlated to the zirconia strength.

Surface treatment for 
veneering

Surface treatment for
 cementation Groups*

No sandblasting 
No sandblasting G1

Sandblasting G2

Sandblasting
No sandblasting G3

Sandblasting G4
*n=20
Table 1: Experimental groups considering the surface treatment on the veneering 
and cementation surfaces. 
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Group Flexural strength 
(MPa)

Characteristic strength 
() (MPa)

95% Confidence intervals for 
characteristic strength ()

Weibull modulus (m) 95% Confidence intervals for 
Weibull modulus R2 (%)

G1 371.3 (99.1) 408 159-1045 4.34 3.65-5.03 90.6
G2 138.3 (29.7) 150 111-203 5.15 4.83-5.46 98.5
G3 443.5 (131.0) 489 162-1477 4.05 3.31-4.79 88.1
G4 296.8 (81.1) 327 165-646 4.11 3.61-4.60 94.4

Table 2: Mean values (MPa) and standard deviations of the flexural strength, and Weibull analytical results obtained for the different experimental conditions.

Figure 2: Distribution of the flexural strength data. Notice that G2 is the 
most even distribution, with the highest Weibull modulus, but with the lowest 
characteristic strength.

Figure 3: Weibull survivability plot. G3 had the highest flexural strength; G2 
the lowest by a factor of ~3. The Weibull modulus of G3 was similar to G1 and 
G4 (~4), but slightly lower compared to G2 (~5).

Figure 4a: Representative SEM micrographs of a fractured specimen 
sandblasted with 30 µm SiO2 from sandblasted veneering surface (G3) 
exhibiting the origin of failure (thick black arrow on the sandblasted surface). 
Thin white arrows follow the hackle lines in the direction of crack propagation 
surrounding the mirror (a,b). (a) Volume-distributed flaw located at the tensile 
surface.

Figure 4b: Higher magnification of the region where failure was generated. 

and for cementation (P < 0.001). The group which had the 
veneering surface sandblasted combined with no sandblasted 
cementation surface (G3) presented the highest characteristic 
flexural strength of 489 MPa (Table 2). The sandblasted surface 
treatment for cementation combined with no sandblasted surface 
treatment for veneering (G2) presented the lowest characteristic 
flexural strength of 150 MPa. 

Results of Weibull distribution (63.21% probability of failure) 
are shown in Table 2 and Figure 3. The G3 group had the highest 

flexural strength and presented lower Weibull modulus compared 
to G2 which had a much higher modulus but at reduced strength.

The fractured surfaces were analysed by SEM to identify the 
origin of failure (Figurer 4a and b). 

Discussion 
Sandblasting zirconia ceramics is known to induce a surface 

limited phase transformation (tetragonal → monoclinic) [25,31]. 
Such a phase transformation was also observed in this study: no 
monoclinic phase was detected prior to sandblasting. However, 
a recent study did not observe phase transformation after 
sandblasting zirconia [32]. This finding could be attribute to the 
fact that a different zirconia material was evaluated. In the present 
investigation, the sandblasted veneering surfaces submitted to the 
porcelain sintering cycle presented no detectable monoclinic phase 
which confirms the reverse phase transformation generated by the 
thermal cycling procedure (monoclinic → tetragonal) [25,31]. 
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The first and second hypotheses were rejected. Sandblasting 
zirconia ceramic surface before veneering increased its 
flexural strength, and sandblasting zirconia ceramic surface 
before cementation decreased its flexural strength. Although 
sandblasting on either the veneering (tension) or cementation 
(compression) surface of the flexural bars had an effect on the 
strength, minor effect on the Weibull modulus was observed 
(Figure 2); the slopes of the lines are similar yet they have been 
laterally translated based on the particular surface treated. 
Interestingly, the specimens which had both surfaces sandblasted 
(G4) had a characteristic flexural strength very close to the 
average characteristic flexural strength of G2 and G3: 327 MPa vs. 
320 MPa respectively. Such a result indicates, speculatively, that 
the increases or losses in flexural strength due to sandblasting, 
phase transformations, and any thermal residual stresses 
might balance each other, suggesting that any gains in strength 
achieved by sandblasting the veneering surface prior to porcelain 
sintering will be negatively offset by sandblasting the opposing 
cementation surface in an attempt to improve bonding. 

The greatest flexural strength values exhibited from G3 may 
be attributed to the formation of compressive residual stresses 
on the tensile surface (surface for veneering) as evidenced by the 
presence of the monoclinic phase (XRD analysis) generated by 
the strain induced phase transformation caused by sandblasting. 
This finding is in agreement with previous studies [19,33-36]. The 
tetragonal → monoclinic phase transformation is known to have 
a positive dilatational volume change, thus creating compressive 
strains in the lattice when only a thin layer transforms [30]; 
such strains however, would need to be maintained during 
the porcelain sintering cycle via the conversion of veneering 
compound paste to porcelain glaze despite the reverse phase 
transformation occurring due to heating, which may or may 
not be possible. Given that the veneer is a powder based paste 
which densifies and wets the substrate at the porcelain sintering 
temperature leaving it very accommodating to strain relaxation

For the majority of the sandblasted specimens, volume-
distributed flaws were located at the surface where the fracture 
originated (Figure 4a and b). In contrast, volume-distributed flaws 
were located near the surface for non-sandblasted specimens. 
The type and location of flaws as a function of surface preparation 
is consistent with our previous findings [25].

Conclusions
•	 In contrast to the control group G1 (no sandblasting), 

sandblasting reduced the 4-pt. flexural strength of the 
G2 (sandblasted cementation side) and G4 (sandblasted 
cementation and veneering sides) specimen groups 
whilst increased the flexural strength of the G3 specimen 
group (sandblasted veneering side).

•	 Regardless of treatment condition the strength reliability 
of the tested specimen groups was rather similar (Weibull 
modulus ranged from 4.05-5.15).
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