Shear Strength Testing

Fractographic Study of the Interface Between
Zirconia Y-TZP and Its Veneering Ceramic After

Maria Victoria Lépez-Molld, DDS, PhD?/Amparo Martinez-Gonzélez, MD, DDS, PhD®/
Vicente Amig6-Borrés, PhD¢/José Félix Maries-Ferrer, MD, DDS, PhDP

he clinical results obtained with zirconia restora-
tions are good. However, zirconia restorations suf-
fer chipping of the veneering ceramic after three years
in 11% to 25% of all cases."? In contrast, the veneer
chipping rate with metal-ceramic crowns is 3% after
15 years.®
This study evaluated the shear strength and frac-
ture characteristics of the interface between zirconia
samples and their veneering ceramic compared with
a metal-ceramic and a lithium disilicate glass-ceramic
control group and assessed the possible relationship
between the fracture characteristics and the recorded
shear strength.

Materials and Methods

One hundred fourteen samples were prepared, each
consisting of a cylindrical core measuring 15 mm in
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This study analyzed the shear strength and fracture characteristics of the interface
between zirconia samples and their veneering ceramic compared with a metal-
ceramic and a lithium disilicate glass-ceramic control group together with an
assessment of the possible relationship between the fracture characteristics

and the recorded shear strength. The greatest shear strengths corresponded to
the lithium disilicate glass-ceramic control group followed by the metal-ceramic
control group, with lesser strengths in the zirconia groups. Since the fractographic
study showed cohesive-type failure to predominate in the zirconia samples, it is
concluded that improvements are needed in the veneering ceramic and liner used
in zirconia restorations. Int J Prosthodont 2015,28:432-434. doi: 10.11607/ijp.3873

length and 8 mm in diameter, together with a cylin-
drical veneer measuring 2 mm in length and 8 mm
in diameter, adhered to one of the extremities of the
core (Fig 1).

Six groups of 19 samples each were established
(four zirconia core groups, one metal-ceramic con-
trol group, and one lithium disilicate glass-ceramic
control group). Table 1 describes the different groups
and materials used.

Shear Strength Testing

Following manufacture, the samples were subjected
to shear strength testing as described by Scolaro et
al.* A universal testing machine (model 4204, Instron)
with a 5-kN load was used for this purpose. The se-
lected crosshead speed was 0.05 mm/min.

Fractographic Analysis

After shear strength testing of the samples, the frac-
ture surface was examined first under the light micro-
scope (LM) (Nikon) with X10 magnification and then
by scanning electron microscopy with back scattered
electrons (SEM-bse) (JSM-6300, Jeol) to define the
fractographic surface.

To better identify each of the materials, the images
were processed as grayscale and color histograms
(INCA software, Oxford Instruments). The different
tones of gray afforded by the back scattered electrons
result from the different atomic numbers of the sur-
face materials (Fig 2).
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Fig 1 Dimensions of each of the ele-
ments used in the study samples (core/

Fig 2 (a) Fractographic surface of sample GR 5.11 observed with SEM-bse (X25).
(b) The same fractographic surface with color coding.

veneer).

Table 1 Study Groups and Materials, Manufacturing Technique, Shear Strength Values and Weibull Modulus

Group Core technique Veneer technique Mean (SD)* Weibull modulus
1 CrNi (Rexillium V, PentronAlloys), casting  IPSd.SIGN (lvoclar), layered 14.35 (3.05)? 4.36

2 IPS e.max Press, injected IPS e.max Ceram (lvoclar), layered 22.86 (5.85)P 3.99

3 IPS e.max ZirCad (lvoclar), CAD/CAM IPS e.max ZirPress (Ilvoclar), injected 11.87 (3.28)° 3.03

4 IPS e.max ZirCad (lvoclar), CAD/CAM IPS e.max Ceram (Ivoclar), layered 6.79 (2.39)¢ 2.61

5 Lava Frame (3M), CAD/CAM Lava Ceram (3M), layered 8.03 (4.17)¢ 0.77

6 Lava Frame (3M), CAD/CAM IPS e.max Ceram (lvoclar), layered 5.68 (3.05)¢ 1.37

CAD/CAM = computer-aided design/computer-assisted manufacture.

*Values with the same superscript letter are not statistically different (Mann-Whitney U test) (P < .05).

The software quantified (as a percentage) the
amount of each of the materials appearing in each im-
age, thus allowing precise characterization of the type
of fracture in each case.

Statistical Analysis

The Kolmogorov-Smirnov test, Kruskal-Wallis test,
and Mann-Whitney U test were used for the statistical
analysis. The latter test was used to determine differ-
ences between pairs of combinations. The analytical
variables were shear strength and the percentage
distribution of materials on the surface. A 5% level of
significance was considered in all cases (« = .05).

Results
Shear Strength Testing

The mean shear strength values and the Weibull
modulus in each of the groups are shown in Table 1.
Statistically significant differences (P < .05) were ob-
served between the different groups, except between
the three zirconia layered veneering ceramic groups.

Fractographic Analysis

Light microscopy revealed adhesive failures in all
groups.

SEM-bse showed cohesive-type fractures to be
the most frequent type of fracture in the lithium di-
silicate glass-ceramic control group as well as in the
metal-ceramic group, since the predominant surface
materials were the opaquer and veneering ceramic in
the latter. Cohesive-type fractures were also the most
frequent type of fracture in the zirconia groups, since
the predominant surface materials were the veneering
ceramic and liner. The distribution of the materials in
the different groups is shown in Fig 3 (Group 2 was
omitted for not proving of interest to the research).
The Kruskal-Wallis test revealed statistically signifi-
cant differences in the distribution of the different ma-
terials on the fracture surface of the different groups.
These differences were referred to the veneering
ceramic and liner (P < .05), while distribution of the
core proved similar in all groups, with no statistically
significant differences among them (P = .182). No re-
lationship was found between shear strength and the
type of fracture found in the different groups.
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Fig 3 Mean distribution of percentage ma-
terials in each of the tested groups. Group 1:
CrNi/d.SIGN; Group 3: e.max ZirCad/e.max
ZirPress; Group 4: e.max ZirCad/e.max Ceram;
Group 5: Lava Frame/Lava Ceram; Group 6:
Lava Frame/e.max Ceram.
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Discussion

In agreement with the findings of the present study,
Al-Dohan et al® recorded higher shear strength val-
ues in the metal-ceramic control group than in the
zirconia groups.

The present results indicated that the groups with
low Weibull modulus will exhibit low reliability and
their strengths will be broadly distributed (Table 1).

In relation to the fractographic study, different au-
thors®-8 have reported a predominance of cohesive-
type fractures in the veneering of the zirconia groups,
in accordance with our own observations.

In the SEM study, the fracture surface of both the
metal-ceramic samples and the zirconia samples
showed a fine layer of opaquer or liner, respectively,
adhered to the core. This was not detected by light mi-
croscopy; as a result, many of the fractures classified
as adhesive fractures under the light microscope were
actually mixed or cohesive failures in the opaquer and
veneer. This indicates an interface shear strength
greater than that of the liner and veneering ceramic.

In agreement with the observations of Fischer et
al,” these findings suggest the existence of chemical
binding between the zirconia and silicone.

Conclusions

The zirconia groups showed adequate shear strengths,
though the values were lower than in the metal-ceram-
ic and lithium disilicate glass-ceramic control groups.
Since failure in the zirconia groups is fundamentally of
the cohesive type, improvements should be introduced
in the veneering ceramic and liner in these groups. The
use of SEM-bse images is crucial for defining the frac-
ture characteristics, with no relationship being found
between the fracture pattern and the shear strength
recorded in any of the tested groups.

434 The International Journal of Prosthodontics

Acknowledgments

The authors thank Ivoclar Vivadent and 3M Espaiia, S.A. for their
collaboration in this study. The authors reported no conflicts of
interest related to this study.

References

1. Sailer |, Pjetursson BE, Zwahlen MZ, Hdmmamerle CHF. A sys-
tematic review of the survival and complication rates of all-ce-
ramic and metal-ceramic reconstructions after an observation
period of at least 3 years. Part II: Fixed dental prostheses. Clin
Oral Implants Res 2007;18(suppl 3):86-96.

2. 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;21:217-222.

3. Walton TR. An up to 15-year longitudinal study of 515 metal-
ceramic FPDs: Part 2. Modes of failure and influence of various
clinical characteristics. Int J Prosthodont 2003;16:177-182.

4. Scolaro JM, Pereira JR, do Valle Al, Bonfante G, Pegoraro LF.
Comparative study of ceramic-to-metal bonding. Braz Dent J
2007;18:240-243.

5. Al-Dohan HM, Yaman P, Dennison JB, Razzoog ME, Lang BR.
Shear strength of core-veneer interface in bi-layered ceramics.
J Prosthet Dent 2004;91:349-355.

6. Ashkanani HM, Raigrodski AJ, Flinn BD, Heindl H, Mancl LA.
Flexural and shear strengths of ZrO2 and a high-noble alloy
bonded to their corresponding porcelains. J Prosthet Dent
2008;100:274-284.

7. Fischer J, Grohmann P, Stawarczyk B. Effect of zirconia sur-
face treatments on the shear strength of zirconia/veneering
ceramic composites. Dent Mater J 2008;27;448-454.

8. Guess PC, Zavanelli RA, Silva N, Bonfante EA, Coelho PG,
Thompson VP. Monolithic CAD/CAM lithium disilicate versus
veneered Y-TZP crowns: Comparison of failure modes and reli-
ability after fatigue. Int J Prosthodont 2010;23:434-442.



Copyright of International Journal of Prosthodonticsis the property of Quintessence
Publishing Company Inc. and its content may not be copied or emailed to multiple sites or
posted to alistserv without the copyright holder's express written permission. However, users
may print, download, or email articles for individual use.



