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Abstract:

Purpose:The purpose of the present study was to compare the micro tensile bond strength at the core —
veneer interface of zirconia restorations after using Al,Os airborne particle abrasion, chemical etching with
5:5 mixed solution of hydrofluoric acid and nitric acid and both sandblasting and chemical etching.
MATERIALS AND METHODS:-A total of 60 specimens of sintered zirconia ceramic of size 10x5x5 mm
were used for the experiment. Sixty samples were randomly divided into four groups according to the
surface treatment method used. Group 1(control): CAD/CAM milled surface without any surface treatment.
Group 2: Al,O3 airborne particle abrasion was performed using a sandblasting machine with 110p particle
size. Group 3: Chemical etching using 5:5 mixed solution of hydrofluoric acid and nitric acid for 2 hrs.
Group 4: sandblasting with Al,O3 particles and chemical etching with 5:5 mixed solution of hydrofluoric
acid and nitric acid. Sectioning of specimens was done until 1x1x14 mm?® microbars were obtained. The
microbar with metal bars was attached to the opposing arms universal testing machine. RESULTS:-The
highest mean micro tensile bond strength value was measured in the sandblasting, and chemical etching
group (46.4 MPa), and the lowest value was measured in the control group (30.84 MPa). CONCLUSIONS:-
There is a significant increase in the mean micro tensile bond strength between experimental groups and the
control group. There is also a considerable increase in value in group 4 from groups 2 and 3. But there is no
significant difference between group 2 and group 3.
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Introduction:

In clinical situations that require highly demanding esthetic restorations, all-ceramic restorations have the
potential to be a more effective selection when compared to metal-ceramic restorations. The alloy structure
in metal restorations may create an opaque appearance, while ceramic materials seem to generally produce a
more translucent look that replicates the appearance of the natural tooth[1].

The increasing demand for esthetics has increased the popularity of all-ceramic restorations. The inherent
properties of ceramics, such as brittleness, have limited their application, especially in posterior teeth[2].
Advances in ceramic materials over the years have resulted in the introduction of zirconia (ZrO2) as a viable
material for use in dental prosthetics[3]. However, zirconia is a material of choice for the substructure due to
its superior mechanical properties, without the limitations related to the size or position of the restoration.
The excellent mechanical and chemical properties of zirconia (ZrO2) have led to its use both as an
alternative to traditional dental porcelain alloys and for the fabrication of posterior fixed partial dental
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prostheses (FDPs). Dental zirconia is often yttria-stabilized tetragonal zirconia polycrystals(Y-TZP) or
yttria-partially stabilized zirconia (YSZ). Y-TZP has shown to have greater flexural strength (900 to 1200
MPa) and fracture toughness (9 to 10 MPa/m2)than other ceramic systems due to a transformation
toughening mechanism[4,5].

Chipping of the veneering ceramic or delamination of the veneer from the core is the most frequently
occurring technical complications in core-veneered zirconia restorations.

Chipping was reported in 25% of the posterior 3-unit FDPs after 31.2months of observation in 1 study[4]. In
another study, after a 3-year follow-up, porcelain fractures were reported in 11.4% of the posterior FDPs[6].
In a third study, veneering porcelains fractured in 13% of the posterior FDPs(having a terminal abutment)
after a 48-month follow-up, and in 12%of the posterior FDPs (cantilever design)after a 50-month follow-
up[7]. The estimated 5-year complication rates ranged from 10% to 60% [8]. These results were attributed
primarily to insufficient bond strength between zirconia frameworks and veneering porcelains.

The clinical success and reliability of these restorations are highly dependent on the bond strength at the
interface between the veneering ceramic and core.

Bond strength is affected by many variables, including the surface treatment of the substructure, the
development of defects at the core-veneer interface, the residual stresses due to the thermal mismatch
between the core and veneering porcelains, the reactions at the interface between substrates and veneering
porcelains, and the wetting properties of the surface[9].

Surface treatment of zirconia for higher bond strength can be achieved by removing or adding surface
materials. Airborne-particle abrasion is a routine way to roughen and clean resin or porcelain bonding
surfaces of zirconia [10, 11]. It is essential to consider that airborne particle abrasion results in a phase
transition at the surface, changing the crystal structure from tetragonal to monoclinic [12]. These crystal
structures exhibit different coefficients of thermal expansion (CTE)[13].

In general, the structure of veneering ceramic has been described as an amorphous and glassy matrix that
consists of a random network of cross-linked silica in a tetrahedral arrangement, which is embedded in
varying amounts of un-dissolved feldspar and leucite crystals. For ceramic surface treatment, the acid reacts
with the glassy matrix that contains silica and formshexafluorosilicates. This glassy matrix is selectively
removed, and the crystalline structure is exposed. As a result, the surface of the ceramic becomes rough,
which is expected for micromechanical retention on the ceramic surface. This roughly etched surface also
helps to provide more surface energy [14].

The purpose of the present study was to compare the micro tensile bond strength at the core — veneer
interface of zirconia restorations after using Al,O3 airborne particle abrasion, chemical etching with 5:5
mixed solution of hydrofluoric acid and nitric acid and both sandblasting and chemical etching.

Materials and Methods:
A total of 60 specimens of sintered zirconia ceramic (3Y-TZP, Acuceralnc., New York, NY, USA) of size
10x5x5 mm were used for the experiment.

Surface treatment methods:

Sixty samples were randomly divided into four groups according to the surface treatment method used.
Group 1(control): CAD/CAM milled surface without any surface treatment.

Group 2: Al,O3 airborne particle abrasion was performed using a sandblasting machine with 110p particle
size for 15 seconds at a 10 mm distance from the surface and with a pressure of 3.5 bar.

Group 3: Chemical etching using 5:5 mixed solution of hydrofluoric acid and nitric acid for 2 hrs.

Group 4: sandblasting with Al,O3 particles and chemical etching with 5:5 mixed solution of hydrofluoric
acid and nitric acid.

Application of porcelain:
All the samples were veneered with porcelain on one side to a height of 4 mm. One sample from each group
is left without veneering to study the surface topography under the Scanning Electron Microscope. The
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specimens were then fired in a ceramic furnace according to the manufacturer’s instructions.

A special metal mold was prepared for sectioning which is sealed at both the ends. A three component resin
(AMPSET, Cold Mounting Systems, and Turkey) was mixed and poured into the mold until the base of the
mold was covered. After the final setting time of 24 hours cyanoacrylate adhesive(Mitreapel, Beta Chemical
Industry, Istanbul, Turkey) was used to secure the specimens to the resin base to prevent mobility while the
rest of the mold was filled with the resin. The samples were inside the sectioning machine and were
sectioned by a rotating diamond coated disc under cold water irrigation. Sectioning of specimens was done
until 1x1x14 mm?® microbars were obtained. The microbars of the first row were excluded due to the
possibility of the defects. The dimensions of the microbars were examined using a digital caliper. Fifteen
such microbars having identical sizes were chosen for micro tensile bond strength testing. They were fixed
to the metal bars with cyanoacrylate glue with the zirconia ceramic interface at the junction of the two metal
bars. The microbar with metal bars was attached to the opposing arms universal testing machine. A tensile
load was applied to the microbars at a crosshead speed of 1 mm/ minute, and the maximum load upon
fracture was recorded (Table no. 1).

Figure no. 2: SEM analysis of surface of zirconium block surface treated with sand blasting (Group 2)
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Figure no. 3:SEM analysis of surface of zirconium block surface treated with chemical etching
(Group 3)

SEC 25 ni St AC @ 0 I 50
Figure no. 4: SEM analysis of surface of zirconium block surface treated with sand blasting and
chemical etching (Group 4)

3. Group I | Group IT | Group Group IV
No. IT1

1. 30.80 36.56 3345 4523
2 30.02 3412 3233 4623
3. 29.70 38356 3778 4412
4. 4258 2412 26.46 4336
5. 41.06 32.18 3122 4823
6. 2807 3387 3078 4723
7. 24906 4258 3841 4489
2. 35.04 4471 41.12 40.12
9. 32.01 3g.12 3346 3912
10. 3908 3012 31.88 56.12
11. 2407 2032 28352 5067
12. 2708 30.14 3029 54.12
13. 2036 3824 3746 46.12
14. 2077 3706 3368 4520
15. 37.15 3478 32.89 45.01

Table no. 1: Micro tensile bond strength (MPa)
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Results

Statistical analysis:

One way ANOVA was used for the detection of possible statistically significant differences in the mean
standard deviation of the micro tensile bond strength values of the four study groups. The highest and
lowest mean values and standard deviation of micro tensile bond strength between four groups were given
in Table 2 and Figure 5. The highest mean micro tensile bond strength value was measured in the combined
sandblasting and chemical etching group (Group 4) (46.4 MPa), and the lowest value was measured in the
control group (Group 1)(30.84 MPa)(Table no. 2). The micro tensile bond strength values in sandblasting
and chemical etching groups were 35.004 MPa and 33.30 MPa, respectively (Figure no. 5). The results of
one way ANOVA proved that there is significant increase in the mean microtensile bond strength value for
group 4 compared to the remaining groups (Table no. 2).

Tuckeys multiple post hoc test indicates that there is no significant difference between the control group and
sand blasting group as the p value is greater than 0.05(p = 0.1524). A comparision between control group
and chemical etching group (p = 0.5887)and between sand blasting group and chemical etching groups(p =
0.8165) also shows no significant difference. On comparing combined sand blasting and chemical etching
group(Group 4) with all the three remaining groups shows significant difference as p value is less than
0.05(Table no. 2). The SEM analysis of surface roughness shows highest roughness on group 4 samples
(Figure no. 4) followed by group 2(Figure no. 2), group 3(Figure no. 3) and group 1(Figure no. 1) in their
order of surface roughness.

Table no.2: Pair wise comparisons of four groups (Group 1, Group 2, Group 3 and Group 4) with

Micro tensile bond strength byTukeys multiple posthoc procedures

Materials Group 1 Group 2 Group 3 Group 4

Mean 30.85 35.03 33.32 46.40

SD 6.99 5.37 3.94 4.54

Group 1 -
Group 2 p=0.1524 -
Group 3 p=0.5887 p=0.8165 -
Group 4 p=0.0002* p=0.0002* p=0.0002* -

*p<0.05 indicates significant difference

http://annalsofrscb.ro

5536



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 3, 2021, Pages. 5532- 5539
Received 16 February 2021; Accepted 08 March 2021.

Figure: Comparison of four groups (Group 1, Group 2, Group 3 and Group
4) with Micro tensile bond strength
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Graph no. 1: Comparison of four groups (Group 1, Group 2, Group 3 and Group 4) with Micro
tensile bond strength.

Discussion

The purpose of the present study was to evaluate the efficacy of three different surface treatments of
zirconia core and to compare the micro tensile bond strength at zirconia core — ceramic veneering interface
among the treated surfaces. The studies on the bond strength of core-porcelain veneer have mostly used
shear strength tests, 3-point/4-point flexural tests, or biaxial flexural tests, which are associated with the
structural failure of the specimens [15]. The samples used in the shear test settings receive uneven stress
during loading [16].

Application of micro tensile bond strength test on dental ceramics needs careful handling of the specimens
to avoid the creation of structural defects [2].

Several variables such as the surface condition of the zirconia core, residual stress due to the difference in
thermal expansion coefficient, interfacial flaws or defects, surface wettability and shrinkage of veneering
material may affect the bond strength of zirconia — veneering porcelain [17].

Aboushelib et al. recommended that the difference in thermal expansion coefficient between zirconia core
and veneer should be as small as possible [18].

The fracture behavior of the zirconia — veneer bilayer was evaluated through shear bond strength testing.
Cohesive failure of the veneering material itself resulted from the inferior physical properties of the
veneering porcelain and the low bond strength between the veneer and zirconia core[19].

Several approaches have been introduced to increase the surface roughness of ceramics to obtain
satisfactory mechanical interlocking. Phark et al. [20] proposed a porous surface for zirconia ceramic, which
significantly increased the longterm SBS of zirconia to composite resin. However, no studies testing this
surface-modifying method for zirconia to porcelain bonding were identified.

Group 3 samples, as described by Yen et al., [21] hydrofluoric acid can react preferentially with the silica
phase in a glassy matrix to form hexafluorosilicates. As a result, the surface of the ceramic becomes rough,
which is required for micromechanical retention.

At low hydrofluoric acid concentrations, the crystalline phase could have greater durability [21]. Therefore,
using a lower concentration may cause less of an etching effect on the ceramic surface, thereby resulting in
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a lower surface roughness value [1]. Consequently a higher concentration of hydrofluoric acid is used in this
study.

It might be assumed that airborne particle abrasion would enhance the bond strength of cores to veneering
porcelains by increasing surface roughness and providing undercuts [12]. The samples of group 4, which
were treated with both sandblasting with 110 Al,O3 particles and chemical etched with 5:5 mixed solution
of hydrofluoric acid and nitric acid showed the highest micro tensile bond strength which was supported by
SEM analysis showing more roughness on their surface. Adding nitric acid increases the etching rate
(Figure no. 4).

Conclusion:

There is a significant increase in the mean micro tensile bond strength between experimental groups and the
control group. There is also a considerable increase in value in group 4 from groups 2 and 3. But there is no
significant difference between group 2 and group 3.

The limitations of the present study include the following: the layered ceramic specimens did not represent
the clinical shape of zirconia restorations, and the effects of aging conditions on the bond quality of zirconia
to veneering porcelain were not evaluated. Therefore, further studies are needed.

References

1. Chaiyabutr Y et al. The effect of hydrofluoric acid surface treatment and bond strength of a zirconia
veneering ceramic. Journ of Prosthet Dent.2008 September;Vol 100, Issue 3:194-202.

2. doi: 10.1016/S0022-3913(08)60178-X.

3. Nikzadjamnani S, Zarrati S, Rostamzadeh M. Microtensile bond strength between zirconia core and
veneering porcelain after different surface treatment. jdt. 2017 November;Vol. 14, No0.6:303-
312.https://pubmed.ncbi.nlm.nih.gov/29942324/

4. Smith R et al. Long term microtensile bond strength of surface modified zirconia. J Dental materials 27
(2011) 779-785.https://doi.org/10.1016/j.dental.2011.03.018

5. Teng J et al. Evaluation of a conditioning method to improve core veneer bond strength of zirconia
restorations. Journ of Prosthet Dent. 2012 June; Vol 107, Issue 6:380-386. doi: 10.1016/S0022-
3913(12)60095-X.

6. Tinschert J, Zwez D, Marx R, AnusaviceK]. Structural reliability of alumina, feldspar, leucite-, mica-
and zirconia — based ceramics. J Dent 2000;28:529-35. doi: 10.1016/s0300-5712(00)00030-0.

7. Sailer I, Gottnerb J, Kanelb S, Hammerle CH. Randomized controlled clinical trial of zirconia-ceramic
and metal-ceramic posterior fixed dental prostheses: a 3-year followup. Int J Prosthodont 2009;22:553-
60.DOI: 10.5167/uzh-25315

8. Wolfart S, Harder S, Eschbach S, Lehmann F, Kern M. Four-year clinical results of fixed dental
prostheses with zirconia substructures (Cercon): end abutments vs. cantilever design. Eur J Oral Sci
2009;117:741-9.doi: 10.1111/j.1600-0722.2009.00693.x.

9. Sailer I, Pjetursson BE, Zwahlen M, Hammerle CH. A systematic review of the survival and
complication rates of all-ceramic and metal-ceramic reconstructions after an observation period of at
least 3 years. Part Il: Fixed dental prostheses. Clin Oral Implants Res 2007;18:86-96. doi:
10.1111/j.1600-0501.2007.01468.x.

10. Al-Shehri SA, Mohammed H, Wilson CA. Influence of lamination on the flexure strength of dental
castable glass ceramic. J Prosthet Dent 1996;76:23-8. doi: 10.1016/s0022-3913(96)90341-8.

11. Yang B, Barloi A, Kern M. Influence of airabrasion on zirconia ceramic bonding using an adhesive
composite resin. Dent Mater 2010;26:44-50. doi: 10.1016/j.dental.2009.08.008.

12. Aboushelib MN, Kleverlaan CJ, Feilzer AJ. Microtensile bond strength of different components of core
veneered all-ceramic restorations Part Il: Zirconia veneering ceramics. Dent Mater 2006;22:857-63.
doi: 10.1016/j.dental.2005.11.014.

5538

http://annalsofrscb.ro


https://pubmed.ncbi.nlm.nih.gov/29942324/

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 3, 2021, Pages. 5532- 5539
Received 16 February 2021; Accepted 08 March 2021.

Moon JE, Kim SH, Lee JB, Ha SR, Choi YS. The effect of preparation order on the crystal structure of
yttria-stabilized tetragonal zirconia polycrystal and the shear bond strength of dental resin cements.
Dent Mater 2011;27:651-63. doi: 10.1016/j.dental.2011.03.005.

Patil RN, Subbarao EC. Axial thermal expansion of ZrO2 and HfO2 in the range room temperature to
1400°C. J ApplCryst 1969;2:281-8. https://doi.org/10.1107/S0021889869007217

deJager N, Feilzer AJ, Davidson CL. The influence of surface roughness on porcelain strength. Dent
Mater 2000;16:381-8. DOI: 10.1016/s0109-5641(00)00030-0

Aboushelib MN, Kleverlaan CJ, Feilzer AJ. Effect of zirconia type on its bond strength with different
veneer ceramics. J Prosthodont. 2008 Jul;17(5):401-8.doi: 10.1111/].1532-849X.2008.00306.x.
Manicone PF, Rossi lommetti P, Raffaelli L. An overview of zirconia ceramics: basic properties and
clinical applications. J Dent. 2007 Nov;35(11):819-26doi: 10.1016/j.jdent.2007.07.008.

Dundar M, Ozcan M, Comlekoglu E, Gungor MA, Artunc C. Bond strengths of veneering ceramics to
reinforced  ceramic  core  materials. Int J  Prosthodont. 2005 Jan-Feb;18(1):71-
2.https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3612203/

Her S et al. The effect of zirconia surface architecturing technique on the zirconia/veneer interfacial
bond strength. J AdvProsthodont 2018;10:259-64.doi: 10.4047/jap.2018.10.4.259

Aboushelib MN, Kleverlaan CJ, Feilzer AJ. Effect of zirconia type on its bond strength with different
veneer ceramics. J Prosthodont 2008;17:401-8.doi: 10.1111/].1532-849X.2008.00306.x.

Ozkurt Z, Kazazoglu E. Clinical success of zirconia in dental applications. J Prosthodont
2010;19:64-8.doi: 10.1111/j.1532-849X.2009.00513.x.

Phark JH, Duarte S Jr, Blatz M, Sadan A. An in vitro evaluation of the long-term resin bond to a new
densely sintered high-purity zirconium-oxide ceramic surface. J Prosthet Dent 2009;101:29-38.doi:
10.1016/S0022-3913(08)60286-3

5539

http://annalsofrscb.ro


https://doi.org/10.1016/s0109-5641(00)00030-0
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3612203/
https://dx.doi.org/10.4047%2Fjap.2018.10.4.259

