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Abstract

Purpose: The purpose of this study is to compare the shear bond strengths of four
different zirconias at the dentally relevant esthetic zirconia-resin interface, using a
standardized recommended bonding regimen.

Materials and Methods: Twenty samples each of four different 5Y-TZP containing
zirconia cylinders (n=20) were bonded to a Luxacore Z-Dual core build-up material. The
specimens were tested for shear bond strength using the Instron 5943 machine at a
speed of 0.5 mm/min.

Results: Cercon xt ML samples had the highest shear bond strength (29.94 MPa, SD =
11.58) and samples using Lava Esthetic Full-Contour Zirconia recorded the lowest
shear bond strength (24.98 MPa, SD = 9.90). However, a one-way ANOVA failed to
show any statistical difference in shear bond strength between the groups, P = 0.79.

Conclusion: This study failed to show that one esthetic zirconia has a higher bond
strength than the others. Esthetic zirconia may have similar shear bond strength to
resin-based cement compared with other indirect ceramic materials.

Introduction

Zirconia is a popular dental material used as an alternative to metal or metal-
ceramic for the treatment of a tooth with a full coverage crown. The growing increase in
use of zirconia by dental clinicians is mainly driven by the esthetic demand of their
patients. Clinicians have found that zirconia has proven to be a great material for use as
a dental prosthesis due to its high compressive strength, esthetic capabilities, low
consumer cost, and minimal tooth preparation requirements."? Zirconia used as a
dental prosthesis is typically stabilized with yttrium. The yttria-stabilized tetragonal
zirconia polycrystals (Y-TZP) is most commonly used with 3 mol% (3Y-TZP), 4 mol%
(4Y-TZP), and 5 mol% (5Y-TZP) yttrium.3 As the yttrium in the zirconia material
increases, esthetics of the prosthesis is usually more favorable due to the increase in
translucency which mimics a more natural tooth appearance. With higher percent of
yttrium, the zirconia material compressive strength decreases.® 5Y-TZP zirconia
esthetics can be comparable with the esthetics of other highly translucent dental



materials, while providing the advantage of using a stronger material. All zirconia
materials in this study contain 5 mol% vyttria.

Core Build-Up Material

When restoring a tooth that has a large part missing due to caries, fracture,
developmental defects, or another reason, a type of core build-up material is usually
required for adequate retention and resistance form for the final crown. Luxacore Z-Dual
is a dual cure composite core build-up material that contains barium glass, pyrogenic
silicic acid, nanofiller and zirconium dioxide in a Bis-GMA based matrix from dental
resins.* 5 Luxacore Z-Dual was used as an interface to test the bond strength of a dual-
cure resin cement and four different 5Y-TZP zirconias.

Bonding Zirconia

For most teeth with adequate retention and resistance form, luting is a viable
option for permanent cementation of zirconia crowns. However, there has been an
increase in studies into defining a consistent and reliable protocol for pretreating
zirconia to aid in chemical and micro-mechanical bonding to other structures such as
enamel, dentin and various core build-up materials.® 7- 8 °.10. 11 Although there is no
agreement on the minimum strength necessary to provide successful bonding, 20MPa
or higher has been proposed as a reasonable goal.'® The bonding protocol that is
recommended for ideal zirconia adhesive strength includes airborne-particle abrasion
(APA) with silica-coated aluminum oxide, thorough cleaning of the intaglio surface using
ultrasonic bath, treatment of intaglio with 10-methacryloyloxydecyl dihydrogen
phosphate primer (10-MDP), and bonding with 10-MDP containing cement. 7- 8 10,11, 12,
13 A standardized adhesive protocol has not yet been established, but pretreated
zirconia is still favorable to untreated zirconia when bonding to core material or tooth
structure. APA of zirconia using aluminum oxide coated with silica can improve the
flexural strength of conventional zirconia via transformation toughening.'* APA can also
improve bond strength by creating micromechanical retention and embedding silica
particles in the zirconia to aid in forming a chemical bond with a resin cement.' When
using a cement containing 10-MDP, pretreatment of the zirconia with a ceramic primer
containing 10-MDP has shown an interaction between 10-MDP and the hydroxyl groups
in the oxide layer of zirconia (and embedded silica particles) which also increase
adhesion. Any 10-MDP containing primer and cement creates an increased bond
strength when bonding to zirconia.'® The cement system chosen for the present study
was MDP-containing Panavia V5. It is well documented and has shown higher bond
strength to oxide ceramics compared with other adhesive cements."7- 1819, 20

Relevance for This Study

With more knowledge on the bond strength of different zirconia materials to a
resin cement, it is possible that less retentive and more conservative tooth preparations
may be performed with considering a bonded zirconia restoration. Future studies may
include observing the cement failure being either cohesive or adhesive.

Objective



The purpose of this study is to compare the shear bond strengths of four different
zirconias at the dentally relevant esthetic zirconia-resin interface, using a standardized
recommended bonding regiment.

Materials and Methods
Overview

The shear bond strength of the four different 5Y-TZP cylinders to LuxaCore Z-
Dual discs will be evaluated using the Instron 5943 Single Column Tabletop Testing
System.

Materials
Four different 5Y-TZP zirconia ceramics were analyzed (A2 shade):
IPS e.max® ZirCAD® MT Multi (lvoclar Vivadent)
Katana™ Zirconia UTML (Kuraray Noritake)
Cercon® xt ML (Dentsply Sirona)
Lava™ Esthetic Full-Contour Zirconia (3M)

IPS e.max® ZirCAD® MT Multi (lvoclar Vivadent)

ZirCAD® MT-Multi has an increase in yttria content to 6.5 — 10.0 wt%. ZirCAD®
MT-Multi has a combination of 5Y-TZP in the incisal 20%, 4Y-TZP and 5Y-TZP in the
transitioning 20%, and 4Y-TZP in the cervical 60%. The flexural strength of ZirCAD®
MT-Multi is 850 MPa.?’

Katana™ Zirconia UTML (Kuraray Noritake)

Katana™ Zirconia UTML is the most translucent zirconia that Kuraray offers.
According to the Katana™ UTML technical guide, in order to achieve the high level of
translucency “They do not contain glass ceramics. Their high translucency has been
achieved through a new type of zirconia powder which we developed using our own
unique technology.” Katana™ UTML chemical composition consists of 87-92% zirconia
oxide and hafnium, 8-11% yttria content, 0-2% and other oxides. Flexural strength is
557 MPa and translucency is 43%, compared to IPS e.max® ZirCAD® MT Multi 44%
translucency at 1mm.?2

Cercon® xt ML

Cercon® xt ML is an extra translucent multilayer zirconia offered by Dentsply
Sirona Lab. It is composed of zirconium oxide, 9 wt% yttrium oxide, 3% hafnium oxide,
and 2% other oxides. The flexural strength is 750 MPa with translucency of 49% at
1mm measured on a white disc with haze meter.?



Lava™ Esthetic Full-Contour Zirconia

The exact composition of Lava™ Esthetic is not published by the company as it
is proprietary information. The 3M technical product profile states their product contains
5mol% yttria. Translucency is 40% at 1Tmm. The flexural strength of Lava™ Esthetic is
800 MPa.?

Core build-up material: Luxacore Z-Dual Natural (A3 shade) (DMG)
Zirconia Primer: Clearfil Ceramic Primer (Kuraray)

Bonding Agent: Panavia V5 Tooth Primer (Kuraray)

Cement: Panavia V5 (Kuraray)

Air-Particle Abrasion: Ney Aluminum Oxide 60 pm

Fabrication of specimens

Twenty cylindrical specimens were obtained from each IPS e.max® ZirCAD®
MT-Multi, Katana™ Zirconia UTML, Cercon® xt ML, and Lava™ Esthetic Full-Contour
Zirconia. The specimens were milled using inLab MC X5 to ensure post-sintering
cylinder size remained 5 mm in diameter. The core build-up portions were fabricated
using silicone cylinder molds with central well measuring 12.7 mm in diameter.
Luxacore-Z Dual was mixed using the automix syringe tips, dispensed into the molds,
light cured from the top of the well for 20 seconds, and allowed to fully cure at room
temperature for 5 minutes.

Zirconia Surface Conditioning

Surface conditioning was performed on all specimens. The specimens were
treated with air-particle abrasion using Ney Aluminum Oxide 60 um at 2 bar (30 psi)
pressure for 15 seconds, at 10 mm distance, and 90° angle. The samples were soaked
in denatured ethanol 200 proof alcohol and cleaned in an ultrasonic bath. Clearfil
Ceramic Primer was applied to the treated zirconia surface using manufacturer’s
instructions by applying and scrubbing with a applicator brush and thoroughly drying
with oil-free air.

Bonding Protocol

Panavia V5 Tooth Primer was applied to the Luxacore Z-Dual samples. The
zirconia cylinders and Luxacore Z-Dual cylinders were bonded using Panavia V5
cement using a standard 5 Ib. weight (22.24 Newtons) on a surveyor table which
applied a constant pressure and light-polymerized (Elipar S10, 1200 mW/cm?; 3M
ESPE) on four sides for 20 seconds each side.



Figure 1. Zirconia sample on surveyor table setup for bonding

Testing Protocol

The samples were shear tested using the Instron 5943 machine at a speed of 0.5
mm/min. Data was evaluated on the shear bond strength at the zirconia/cement
interface. The sample size (20 specimens from each group) was chosen based on a
power analysis of a two-sample test with a significance level of 5% with true differences
of means set at 3 MPa and with a power of 90%.



:

Figure 2. Sample setup on Instron machine for shear bond strength test

Results

Shear bond strength characteristics are presented in Table 1 by zirconia
material. Numerically, Cercon samples had the highest shear strength (29.94 MPa, SD
= 11.58) and samples using Lava recorded the lowest shear strength (24.98 MPa, SD =
9.90). However, a one-way ANOVA failed to show any statistical difference in shear
bond strength between the groups, P = 0.79.

Consequently, a post-hoc power analysis was performed to determine the
observed power and whether the lack of significant results could be due to the limited
sample size (n = 80). Results indicate based on the mean, the between-groups effect
size observed in the data (f = 0.11) indicates that a total sample size of 832 would be
required to obtain statistical power at the standard .80 level while maintaining
significance at the 0.05 level. Thus, while the current data cannot definitively show a



true lack of difference between the groups with respect to shear bond strength, any
difference may be small and thus unlikely to be of any clinical relevance.

Material N Mean MPa Std. Deviation  Min - Max MPa

Cercon 20 29.94 11.58 9.88 - 49.25
Katana 20 28.28 9.66 13.34 - 46.68

Lava 20 24.98 9.90 10.13-44.31
ZirCAD 20 26.98 10.33 5.58-46.51

Table 1. Shear Bond Strength Characteristics by Group

Discussion

The application for all-ceramic restorations has become increasingly popular for
use as indirect dental crowns, overlays, onlays, and inlays. One reason for the shift to
all ceramic restorations is the ability to bond to dentin and enamel. With the ability to
reliably bond, the ability to conserve tooth structure has increased as well. This is the
direction that the future of dentistry is headed, and more research is necessary to
continue progressing in this direction. The ability to use a zirconia restoration in a non-
retentive situation can have benefits over other materials. One such benefit could be the
compressive and flexural strength of the material.

Lithium Disilicate Shear Bond Strength to Resin Cement

Lithium disilicate material is a popular all-ceramic material choice because of its
esthetics, strength, and ability to achieve a high bond strength specifically to enamel.
Shear bond strength of lithium disilicate to resin cements has been shown to be in the
40 MPa range.?® This is comparable to the high end of the results obtained with zirconia
shear bond strength to a resin cement. One limitation of zirconia compared to a material
such as lithium disilicate is the long sintering time necessary for zirconia. With a much
shorter crystallization time, lithium disilicate is the most common all-ceramic same-day
restoration material of choice.

Zirconia Bond Strength to Dentin and Enamel

The shear bond strength of zirconia to dentin has been found to be between 3.70
MPa — 8.66 MPa. This lower value is consistent with using other materials due to the
organic collagen make-up of dentin.?6 Enamel is a more reliable hard tooth substrate to
bond because of the majority composition of inorganic hydroxyapatite. Shear bond
strength of zirconia to enamel has been shown to be around 21 MPa.?’

Zirconia Bond Strength to Resin Cement

Invitro studies of zirconia to resin cement bonding have shown promising results
of cohesive failure and high bond strength. Similar high shear bond strength studies of 3
mol% zirconia has shown between 46.2 MPa — 55.7 MPa.?8



Is There a Need for Resistance and Retention Form Tooth Preparations?

Inadequate resistance and retention form of a crown preparation is one of the top
three reasons for replacement.?® There are many clinical scenarios where a full
coverage crown preparation may not be the ideal treatment for a tooth. Preservation of
tooth structure is a common goal that most dental professionals strive for with
restorative dentistry. One of the benefits of a bonded restoration is the ability to prepare
a tooth with a defect, fracture, or carious lesion in a more conservative manner rather
than preparing a tooth to gain ideal properties of the restorative material. Although there
is no agreement on the minimum strength necessary to provide successful bonding, 20
MPa or higher has been proposed as a reasonable goal for shear bond strength.3°

Currently there are no studies comparing the bond strength of similar esthetic
zirconia materials. The composition of the zirconia materials used in this study had
different oxides, yttria, zirconia, and hafnium content. In this study there was not enough
data to show a correlation between the esthetic zirconias and shear bond strength.
However, Cercon had the highest average shear bond strength of the zirconia to resin
cement. One reason may be the make-up of the zirconia material. Cercon states their
zirconia contains 9 wt% yttrium oxide, 3% hafnium oxide, and 2% other oxides. The
difference in materials may be contributing to the higher shear bond strength. Lava had
the lowest average shear bond strength. Its exact composition is not stated in its
technical manual. The high standard deviations and range of bond strength could be a
result of inconsistency with specimen preparation. Although all specimens were
prepared in the same fashion, error may have been introduced in one of the multiple
preparation steps.

Conclusion

Within the limitations of this study, it can be concluded that 5Y-TZP zirconia may
have similar shear bond strength to resin-based cement compared with other indirect
ceramic materials. Future studies of zirconia bonding should include similar materials
used in this research with a larger sample size. Additional testing of the bond strength to
dentin/enamel would be beneficial as well.

Acknowledgements

CPT Luke Sandersfeld developed the study concept, collected the data, and wrote the
manuscript. Mr. Thomas Beltran completed the statistical analysis.

Disclaimer

The views expressed herein are those of the author and do not necessarily reflect the
official policy of the Department of the Army, Department of Defense, or the US
Government.



References

1. “IPS E.max ZIRCAD by lvoclar Vivadent.” Ivoclarvivadent, 2017,
www.ivoclarvivadent.com/en US/Products/Digital-Processes/IPS-e.max-ZirCAD.

2. 12713 Zircad MT Multi Brochure v4 - Patterson Dental.
content.pattersondental.com/items/PDFs/images/PDF_920290.pdf.

3. Kelly JR, Denry |. Stabilized zirconia as a structural ceramic: an overview. Dent
Mater, 2008;24:289-298.

4. 092674 2015-01 LxCDual USA - DMG AMERICA. www.dmg-
america.com/fileadmin/DMG America/lFU/LuxaCoreZDual |IFU.pdf.

5. Torres, C. R. G., Pucci, C. R., Borges, A. B., Frattes, F. C., & de Oliveira, J. S.
(2016). Bond Strength of Zirconia to Different Core Materials. World Journal of
Dentistry, 7(4), 169—174. hitps://doi.org/10.5005/jp-journals-10015-1389

6. Scaminaci Russo, D., Cinelli, F., Sarti, C., & Giachetti, L. (2019). Adhesion to
Zirconia: A Systematic Review of Current Conditioning Methods and Bonding
Materials. Dentistry Journal, 7(3), 74. https://doi.org/10.3390/dj7030074

7. Quigley, N. P., Loo, D. S., Choy, C., & Ha, W. N. (2021). Clinical efficacy of
methods for bonding to zirconia: A systematic review. The Journal of Prosthetic
Dentistry, 125(2), 231-240. htips://doi.org/10.1016/j.prosdent.2019.12.017

8. Comino-Garayoa, R., Pelaez, J., Tobar, C., Rodriguez, V., & Suarez, M. J.
(2021). Adhesion to Zirconia: A Systematic Review of Surface Pretreatments and
Resin Cements. Materials, 14(11), 2751. https://doi.org/10.3390/ma14112751

9. Inokoshi, M., de Munck, J., Minakuchi, S., & van Meerbeek, B. (2014). Meta-
analysis of Bonding Effectiveness to Zirconia Ceramics. Journal of Dental
Research, 93(4), 329-334. https://doi.org/10.1177/0022034514524228

10. Ozcan, M., Bernasconi, M. (2015). Adhesion to Zirconia Used for Dental
Restorations: A Systematic Review and Meta-Analysis. Journal of Adhesive
Dentistry, 17(21), 7-26. doi: 10.3290/j.jad.a33525

11. Tzanakakis, E. G. C., Tzoutzas, I. G., & Koidis, P. T. (2016). Is there a potential
for durable adhesion to zirconia restorations? A systematic review. The Journal
of Prosthetic Dentistry, 115(1), 9-19.
https://doi.org/10.1016/j.prosdent.2015.09.008

12. Inokoshi, M., Kameyama, A., de Munck, J., Minakuchi, S., & van Meerbeek, B.
(2013). Durable bonding to mechanically and/or chemically pre-treated dental
zirconia. Journal of Dentistry, 41(2), 170-179.
https://doi.org/10.1016/j.jdent.2012.10.017

13. Keul, C., Liebermann, A., Roos, M., Uhrenbacher, J., & Stawarczyk, B. (2013).
The effect of ceramic primer on shear bond strength of resin composite cement
to zirconia. The Journal of the American Dental Association, 144(11), 1261—
1271. https://doi.org/10.14219/jada.archive.2013.0055

14.Zhao, P., Yu, P., Xiong, Y., Yue, L., Arola, D., & Gao, S. (2020). Does the bond
strength of highly translucent zirconia show a different dependence on the
airborne-particle abrasion parameters in comparison to conventional zirconia?
Journal of Prosthodontic Research, 64(1), 60-70.
https://doi.org/10.1016/j.jpor.2019.04.008



http://www.ivoclarvivadent.com/en_US/Products/Digital-Processes/IPS-e.max-ZirCAD
http://www.dmg-america.com/fileadmin/DMG_America/IFU/LuxaCoreZDual_IFU.pdf
http://www.dmg-america.com/fileadmin/DMG_America/IFU/LuxaCoreZDual_IFU.pdf
https://doi.org/10.5005/jp-journals-10015-1389
https://doi.org/10.3390/dj7030074
https://doi.org/10.1016/j.prosdent.2019.12.017
https://doi.org/10.3390/ma14112751
https://doi.org/10.1177/0022034514524228
https://doi.org/10.1016/j.prosdent.2015.09.008
https://doi.org/10.1016/j.jdent.2012.10.017
https://doi.org/10.14219/jada.archive.2013.0055
https://doi.org/10.1016/j.jpor.2019.04.008

15.Akyil, M. S., Uzun, I. H., Bayindir, F. (2010). Bond strength of resin cement to
yttrium-stabilized tetragonal zirconia ceramic treated with air abrasion, silica
coating, and laser irradiation. Photomedicine and Laser Surgery 28, 801-808.
https://doi.org/10.1089/pho.2009.2697

16.LE, M., LARSSON, C., & PAPIA, E. (2019). Bond strength between MDP-based
cement and translucent zirconia. Dental Materials Journal, 38(3), 480—489.
https://doi.org/10.4012/dmj.2018-194

17.Kern M. Bonding to oxide ceramics-laboratory testing versus clinical outcome.
Dent Mater 2015; 31: 8-14.

18.Papia E, Vult von Steyern P. Bond strength between different bonding systems
and densely sintered alumina with sandblasted surfaces or as produced. Swed
Dent J 2008; 32: 35-45.

19.Papia E, Zethraeus J, Ransback PA, Wennerberg A, Vult von Steyern P.
Impaction-modified densely sintered yttria- stabilized tetragonal zirconium
dioxide: methodology, surface structure, and bond strength. J Biomed Mater Res
B Appl Biomater 2012; 100: 677-684.

20.Mirmohammadi H, Aboushelib MN, Salameh Z, Feilzer AJ, Kleverlaan CJ.
Innovations in bonding to zirconia based ceramics: Part Ill. Phosphate monomer
resin cements. Dent Mater 2010; 26: 786-792.

21.“IPS E.max ZIRCAD by Ivoclar Vivadent.” lvoclarvivadent, 2017,
www.ivoclarvivadent.com/en US/Products/Digital-Processes/IPS-e.max-ZirCAD.

22.Kuraray Noritake Dental Inc. (n.d.). Technical Guide Katana Zirconia. Miyoshi,
Japan; Kuraray Europe GmbH BU Medical Products.

23.Dentsply Sirona Cercon xt ML Lab Brochure. (2022). Retrieved April, 6, 2022,
from https://www.dentsplysirona.com/hr-hr/explore/lab/zirconia/cercon-xt-ml.html.

24.3M. (2018). BM™ Lava™ Esthetic Esthetic Fluorescent Full-Contour Zirconia
Technical Product Profile. St. Paul, MN; 3M.

25. Simasetha S, Klaisiri A, Sriamporn T, Sappayatosok K, Thamrongananskul N.
Surface Treatment Effect on Shear Bond Strength between Lithium Disilicate
Glass-Ceramic and Resin Cement. Eur J Dent. 2022 May;16(2):373-380. doi:
10.1055/s-0041-1735908. Epub 2021 Dec 17. PMID: 34921384; PMCID:
PMC9339943.

26.Reddy SM, Vijitha D, Deepak T, Balasubramanian R, Satish A. Evaluation of
shear bond strength of zirconia bonded to dentin after various surface treatments
of zirconia. J Indian Prosthodont Soc. 2014 Mar;14(1):38-41. doi:
10.1007/s13191-012-0198-6. Epub 2012 Oct 27. PMID: 24604996; PMCID:
PMC3935049.

27.Zandparsa R, Talua NA, Finkelman MD, Schaus SE. An in vitro comparison of
shear bond strength of zirconia to enamel using different surface treatments. J
Prosthodont. 2014 Feb;23(2):117-23. doi: 10.1111/jopr.12075. Epub 2013 Jul 26.
PMID: 23890275.



https://doi.org/10.1089/pho.2009.2697
https://doi.org/10.4012/dmj.2018-194
http://www.ivoclarvivadent.com/en_US/Products/Digital-Processes/IPS-e.max-ZirCAD
https://www.dentsplysirona.com/hr-hr/explore/lab/zirconia/cercon-xt-ml.html

28.Stefani A, Brito RB Jr, Kina S, Andrade OS, Ambrosano GM, Carvalho AA,
Giannini M. Bond Strength of Resin Cements to Zirconia Ceramic Using
Adhesive Primers. J Prosthodont. 2016 Jul;25(5):380-5. doi: 10.1111/jopr.12334.
Epub 2015 Sep 15. PMID: 26372458.

29.Walton J.N., Gardner F.M., Agar J.R. A survey of crown and fixed partial denture
failures: length of service and reasons for replacement. J Prosthet
Dent. 1985; 56: 416-421

30.Shen, Chiayi, et al. Phillips' Science of Dental Materials. Elsevier, 2022.





