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T   
he popularity of zirconia as a dental restorative material 
has increased dramatically in recent years. Having a high 
flexural strength and resistance to fracture, zirconia has 
physical properties that make this material highly ad-
vantageous for use as a dental restorative. High-strength 

zirconia has a flexural strength and resistance to fracture higher 
than that of both lithium disilicate and feldspathic porcelain.1-4 
Zirconia has excellent wear resistance, with minimal wear to op-
posing tooth structure when properly polished.5-7 Zirconia also 
offers flexibility to the dental practitioner, as it can be bonded or 
conventionally cemented depending on clinician preferences and 
the clinical requirements of the case, and it is CAD/CAM compat- 
ible. In addition, with the introduction of “translucent” zirco-
nia, the esthetics of monolithic zirconia have improved greatly 
in recent years. Zirconia can be cut back or milled as a support-
ing framework and pressed or layered with various porcelains 

LEARNING OBJECTIVES

DISCLOSURE: Dr. Alex received an honorarium from BISCO, Inc.,  for writing this article.

•  Discuss the crystalline configurations of 
zirconia, as well as the physical and optical 
properties of monolithic and layered zirconia 
restorations

• Describe sandblasting for optimizing the  
 zirconia restoration surface, and the use of  
 zirconia primers and cleaning solutions

 

• Discuss various cementation options for use  
 with zirconia restorations

to further optimize esthetics. These and many other advantages 
have contributed to the increasing use of zirconia in restorative 
dentistry. 

FORMS OF ZIRCONIA
Zirconia has three different and distinct crystalline configura-
tions—monoclinic, tetragonal, and cubic—each of which is tem-
perature- and pressure-dependent and has different physical and 
optical properties.8 At room temperature, zirconia exists in the 
monoclinic crystalline form, which is very stable but does not 
have the physical and optical properties that would enable its use 
as a dental restorative. However, when heated to approximately 
1,170°C, the monoclinic powdered form of zirconia coalesces into  
a solid (sintering), and the zirconia crystals undergo a phase 
transformation to the tetragonal crystalline configuration. Trans-
formation to the cubic crystalline configuration (commonly 

Zirconia: Facts and Misconceptions
Gary Alex, DMD

ABSTRACT
Zirconia has many positive attributes that render it highly suitable for use as a dental restorative, including its high flexural strength and fracture tough-
ness. Depending on the requirements of the case and clinician preferences, zirconia restorations can be bonded or conventionally cemented. This article 
will discuss the physical and optical properties of zirconia, recent improvements in its translucency and esthetic properties, and the advantages and 
disadvantages of its use as a restorative material. Protocols for its optimal use in the placement of restorations, including sandblasting to optimize the 
restoration surface for improved bonding, judicious use of cleaning solutions and primers, and selection of ideal cementation and bonding materials for 
use with zirconia are also described.
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known as cubic zirconia) occurs when the zirconia is heated to 
approximately 2,100°C.9 The cubic crystalline configuration of 
zirconia produces a very hard, translucent, and somewhat brittle 
material popularly known as cubic zirconia. While it is primar-
ily the tetragonal form of zirconia that is used in the fabrication 
of dental restorations, cubic crystals, in varying amounts, can be 
incorporated into the zirconia matrix to improve translucency. 
The tetragonal configuration of zirconia is very strong, biocom-
patible, and corrosion resistant, can be milled using CAD/CAM 
technology, and is a suitable material for dental restorations and 
supporting substructures. However, because the tetragonal form 
of zirconia is not inherently stable, it easily converts back to the 
more stable but weaker monoclinic crystalline form. To stabilize 
the tetragonal crystalline form, dopants (a small amount of an 
impurity element introduced into a material to alter its electrical, 

physical, and optical properties) such as yttrium oxide (Y2O3) 
and aluminum oxide (Al2O3) are added.10 

However, this “yttria-stabilized zirconia” is not entirely sta-
ble. Rather, it is what is referred to as “metastable,” because un-
der certain conditions the tetragonal crystals can convert back 
into their monoclinic configuration.10,11 This property of metasta-
bility has advantages with regard to the durability of the zirconia, 
as it contributes to a phenomenon known “transformation tough-
ening,” which promotes resistance to crack propagation; briefly 
explained, with the initiation of a crack, a localized conversion 
of the tetragonal crystals into the monoclinic form occurs, caus-
ing a volumetric expansion of the crystals around the emerging 
crack, sealing the crack and inhibiting its propagation. While the 
metastable nature of zirconia can be favorable because of trans-
formation toughening, excessive tetragonal to monoclinic phase 
transformation can weaken overall assembly strength, with po-
tentially disastrous consequences.12-14 It is therefore important for 
dentists to realize that “all zirconia is not created equal,” and that 
because even minor errors in processing temperatures can result 
in short-term or long-term failure,12-14 only zirconia from reputa-
ble manufacturers, laboratories, and dealers should be used. 

LAYERED VS MONOLITHIC ZIRCONIA RESTORATIONS
Zirconia restorations may be either monolithic (solid zirconia 
throughout, Figure 1) or layered (having a porcelain overlay, Fig-
ure 2). To obtain the greatest benefit from the physical properties 
of zirconia, zirconia should be used as full contour monolithic 
restorations whenever feasible.1-3 When zirconia is layered with 
ceramics (often to optimize esthetics) the layering ceramic, as 
well as the interface between the zirconia and the layered cera- 
mic, are weak links in the restorative assembly (Figure 3 and 
Figure 4).

The esthetics of monolithic zirconia have been improved great-
ly in recent years with the introduction of the so-called “translu-
cent” zirconia, manufactured through a variety of techniques, in-
cluding manipulating dopant levels (typically by increasing the 
yttria concentration) to increase the proportion of the cubic crys-
tals relative to the more opaque tetragonal crystals.15

It should be noted that, as regards translucent zirconia resto-
rations, esthetics and strength are essentially inversely correlated; 
as the translucency increases, flexural strength and crack resis-
tance decrease. This is because the more translucent the zirconia 
is, the more cubic crystals (which provide translucency) there 
are relative to tetragonal crystals. It is the tetragonal crystals that  
undergo transformation toughening, so when fewer tetragonal 
crystals are present, the zirconia is less crack resistant. 

SANDBLASTING ZIRCONIA PRIOR TO PLACEMENT
Sandblasting (airborne particle abrasion) is often employed to 
optimize adhesion between dental restorative materials and both 
conventional and resin-based cements. Sandblasting optimiz-
es the restoration substrate by cleaning the surface of impuri-
ties, increasing surface roughness and surface area, raising sur-
face energy, and improving the bond to subsequently placed 
primers, adhesives, and both conventional and resin-based ce-
ments.16 It is the author’s opinion that, when zirconia is used, the 
intaglio zirconia surface should always be sandblasted prior to 
placement of the restoration, regardless of the type of conven-
tional or resin-based cement that is used. This recommendation 

Fig 1. Monolithic high-strength zirconia bridge milled from a single zirconia disc (no 
layering). Zirconia in this form allows for the greatest strength, but esthetics can be 
compromised (although still clinically acceptable, as in the case shown here).
Fig 2. Zirconia crowns used to mask out tetracycline-stained teeth. Teeth Nos. 4 
through 6 and 11 through 13: monolithic; teeth Nos. 7 through 10: milled full-con-
tour (monolithic), then cut back and layered.
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surface by both hydrogen and ionic bonding mechanisms.26 Zir-
conia has a strong affinity for phosphate ions,27 which are pres-
ent in both zirconia primers and saliva. Thus, when zirconia res-
torations are tried in and the intaglio surface is contaminated 
by saliva, the phosphate ions from the saliva bind to and occu-
py the same reactive sites required for the chemical interactions 
with the primers. As the phosphate ions of the saliva compete 
with those of the zirconia primer, the effectiveness of the primer 
is decreased. To “free-up” these sites so that the zirconia primer 
can function optimally, the restoration should therefore be sand-
blasted and/or a strongly alkaline cleaning solution (ie, Ivoclean 
[Ivoclar] or ZirClean®  [BISCO, Inc.]) used after the saliva con-
tamination has occurred.28,29 (It is important to note that vigor- 
ous rinsing with water and/or the use of acetone and alcohol and 
phosphoric acid are not effective in cleaning saliva-contaminated 
zirconia surfaces.30) Because strongly alkaline cleaning solutions 
have a higher affinity for phosphate ions than does the zirconia, 
they are able to chemically remove phosphate ions from the sur-
face of the zirconia. This allows reaction sites to become “avail-
able” for interaction with zirconia primers. 

Sandblasting alone, after the try-in and immediately before 
placement, is sufficient for freeing up the reaction sites. There-
fore, for clinicians who will be performing the sandblasting 
themselves in the dental office, the use of a cleaning solution is 
optional but not necessary. However, if the clinician is request-
ing that the dental laboratory perform the sandblasting, then the 
restoration should be treated with a cleaning solution after the 
try-in, in order to facilitate the chemical interaction between the 
primer and the zirconia. 

CONVENTIONAL CEMENTATION VS BONDING OF ZIRCONIA 
RESTORATIONS
No one specific universal protocol exists for the placement of 
zirconia restorations. The optimal means of treating both the zir-
conia and tooth surfaces before placement of the restorations de-
pends on numerous factors, including the retentiveness of the 
preparation, the minimum occlusal thickness of the restoration, 
whether the zirconia is high-strength or translucent, and the 

has substantial support in the literature.15,17-20 Although concern 
has been raised that this surface treatment may induce surface 
and subsurface damage,21,22 to the best of the author’s knowledge 
there have been no in vivo studies that show this to be a clinical 
problem, provided that proper blasting pressures, particle types, 
and particle sizes are used. With regard to sandblasting proto-
cols, researchers generally concur that traditional high-strength 
zirconia (3 mol% to 4 mol% yttria concentration) can be safe-
ly and effectively airborne-particle-abraded with 30 to 50 mi-
cron aluminous oxide (Al2O3) using a blast pressure of 1.5 to 
2.8 bar (approximately 20 to 40 psi) at a distance of 1 to 2 cm 
for 10 to 20 seconds (Dr. Nasser Barghi, Dr. Byoung Suh, per-
sonal communication, 2015).20,23 It has also been recommended 
that the nozzle head of the sandblaster be positioned at an angle 
(not perpendicular) relative to the zirconia surface (N. Barghi, B. 
Suh, personal communication, 2015). In the case of translucent 
zirconia (5 mol% yttria concentration), because this material is 
less capable of transformation toughening than traditional high-
strength zirconia, surface damage that could reduce the physical 
properties of the zirconia should be minimized through the use of 
lower blasting pressures (approximately 20 psi).24 In the author’s 
experience, the intaglio surface of zirconia restorations should 
be sandblasted after try-in and any adjustments, and just before 
placement of the restoration with conventional cementing or ad-
hesive bonding. 

USE OF ZIRCONIA PRIMERS AND CLEANING SOLUTIONS
To optimize the bond between zirconia and resin-based cements, 
a zirconia primer should be used after sandblasting.25 A separate-
ly applied solution that contains a phosphate ester zirconia prim-
er such as a 10-MDP (10-methacryloyloxydecyl dihydrogen phos-
phate) primer can be used (eg, Z-Prime™ Plus, BISCO, Inc.; 
Monobond Plus, Ivoclar; Clearfil Ceramic Primer Plus, Kuraray; 
various universal adhesives18) or a resin cement that incorporates 
a zirconia primer (eg, PANAVIA™ SA Cement Plus, Kuraray 
Noritake Dental; 3M™ RelyX™ Unicem 2, 3M ESPE; Speed-
CEM Plus, Ivoclar; TheraCem®, BISCO, Inc.). Phosphate ester 
primers such as 10-MDP chemically interact with the zirconia 

Fig 3. With layered zirconia restorations, the layering ceramic, along with the in-
terface between the zirconia and layered ceramic, are weak links in the restorative 
assembly. Fig 4. Esthetics are improved in this patient by milling high-strength 
zirconia full contour, cutting back facially, and then layering with porcelain. Although 
esthetics are improved, strength is decreased.3
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nature of the conventional or resin-based cement used. 
As mentioned earlier, the author recommends sandblasting of 

the intaglio surface of all zirconia restorations, and a zirconia 
primer (typically a phosphate ester such as 10-MDP) should be 
used after sandblasting when a resin-based cement is used. How-
ever, the use of a separate zirconia primer is in fact contraindicat-
ed or unnecessary with some materials. For example, when using 
a “bioactive” glass ionomer/calcium aluminate hybrid cement 
that is very hydrophilic in nature, the zirconia surface should be 
sandblasted but a zirconia primer such as 10-MDP should not be 
used, according to the manufacturer (Dr. Jesper Loof Tekn, CEO 
and Executive VP of Operations and Research and Development, 
Doxa Dental, personal communication). (A discussion of the rea-
sons for this contraindication is beyond the scope of this article; 
for details on this topic, the reader is referred to reference 31.) 
Likewise, conventional glass ionomer cements and polycarbox-
ylate cements do not require the use of a separate zirconia primer. 

Resin-modified glass ionomer (RMGI) cements have become 
popular with many dental clinicians, as these cements have many 
positive attributes, including good physical properties, low solu-
bility, low film thickness, fluoride release, low incidence of post-
operative sensitivity, and a good long-term clinical track record. 
Perhaps the greatest clinical advantages of RMGI cements are 
the ease with which they are mixed, placed, and cleaned up. In 
the author’s opinion, RMGI cements are among the best cemen-
tation options for high-strength zirconia, provided that the prepa-
rations have proper resistance and retention form and a minimum 
occlusal thickness of at least 1 mm. 

It is important to note that while 1 mm is an adequate mini-
mum occlusal thickness for a conventionally cemented 3 mol% 
yttria (high-strength) zirconia crown, most manufacturers recom-
mend a minimal thickness threshold of 1.5 mm for conventional-
ly cemented 5 mol% (translucent) zirconia.

For restorations with preparations that have an occlusal thick-
ness of less than 1 mm, that do not have proper resistance and 
retention form, or where maximum adhesion is required (eg, 
the wings of a resin-bonded bridge), resin cement of some type 
should be utilized. This can take the form of a self-etching 
self-priming resin-based cement (eg, 3M™ RelyX™ Unicem, 
3M ESPE; Maxcem Elite™, Kerr; TheraCem®, BISCO, Inc.; 
G-CEM™, GC America) or a resin-based cement used in tandem 
with a dentin bonding agent (eg, Duo-Link Universal™, BISCO, 
Inc.; 3M™ RelyX™ Universal Resin Cement, 3M ESPE; Multi-
link®Automix, Ivoclar). Resin-based cements are a better choice 
than RMGI and other conventional cements for bonding resto-
rations in or on minimally retentive preparations, because they 
bond more predictably and durably to both zirconia and tooth 
tissue. Resin-based cements also allow better stress distribution 
when loaded, help prevent crack propagation, and optimize over-
all assembly strength, and may therefore be a better choice for 

translucent zirconia or zirconia restorations with minimal occlu-
sal thickness.24 Disadvantages of resin-based cements are that 
they can present challenges in clean-up, are more technique sen-
sitive, and involve extra steps when used in tandem with a dentin 
bonding agent. The latter disadvantage can be obviated with the 
use of dual-cure self-etching, self-priming resin cements, which 
are popular because they do not require a separate bonding agent. 
Nevertheless, the highest bond to tooth structure is achieved by 
resin cements when used in tandem with a separately placed 
bonding agent.32-34

CONCLUSION
A common misconception in the dental community is that “you 
cannot bond to zirconia.” On the contrary, based on the require-
ments of the individual case and on clinician preferences, zirco-
nia dental restorations can in fact be bonded or conventionally 
cemented with great predictability, using a combination of sand-
blasting, a phosphate ester primer such as 10-MDP, and an appro-
priate resin-based cement. As a general rule, the intaglio surface 
of all zirconia restorations should be air-particle-abraded and a 
zirconia primer should be used, although there are exceptions to 
this protocol and the use of a separate zirconia primer may be 
contraindicated or unnecessary with certain materials. For this 
reason, it is necessary that clinicians precisely follow manufac-
turer instructions and recommendations. It is the responsibility of 
all clinicians to be knowledgeable about the optimal cementation 
options and protocols for placing zirconia restorations, in order 
to achieve the best results for the patient.
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 Zirconia: Facts and Misconceptions
Gary Alex, DMD

1. Zirconia exists in the monoclinic crystalline form at 
which of the following temperatures?

 A. Room temperature C. 1,170°C
 B. 500°C   D. 2,100°C

2. Which is the form of zirconia that is primarily used in the 
fabrication of dental restorations?

 A. Monoclinic C. Cubic
 B. Tetragonal  D. None of the above

3. When zirconia is layered with ceramics:
 A. esthetics are optimized, and layered zirconia causes 

 less teeth wear.
 B. the proportion of cubic crystals is increased.
 C. the layering ceramic, as well as the interface  

 between zirconia and the layered ceramic, are weak 
 links in the restorative assembly.

 D. the greatest benefit from the physical properties of 
 zirconia is obtained.

4. The more translucent the zirconia is, the more cubic 
crystals there are relative to tetragonal crystals. It is  
the tetragonal crystals that undergo transformation 
toughening, so:

 A. translucent zirconia easily converts back to the   
 monoclinic configuration.

 B. when fewer tetragonal crystals are present, the  
 zirconia is less crack resistant.

 C. the flexural strength and crack resistance increase.
 D. None of the above

5. Sandblasting optimizes the restoration substrate by:
 A. cleaning the surface of impurities.
 B. increasing surface roughness and surface area.
 C. raising surface energy.
 D. All of the above    

6. Regarding sandblasting translucent zirconia,  
because this material is less capable of transformation 
toughening, surface damage that could reduce the 
physical properties of the zirconia should be minimized:

 A. by never sandblasting this form of zirconia.
 B. through the use of lower blasting pressures.
 C. by positioning the nozzle head of the sandblaster   

 perpendicular relative to the zirconia surface.
 D. None of the above
 

7. To optimize the bond between zirconia and resin-based 
cements, which of the following can be used after 
sandblasting?

 A. Only a phosphate ester zirconia primer such as a   
 10-MDP

 B. Only a resin cement that incorporates a zirconia   
 primer

 C. A phosphate ester zirconia primer such as a 10-MDP  
 or a resin cement that incorporates a zirconia primer

 D. Only a metal primer or a metal and zirconia primer

8. When zirconia restorations are contaminated by saliva, 
the phosphate ions from the saliva occupy the same  
reactive sites required for chemical interactions with 
the primers. To “free up” these sites, which of the  
following should be done?

 A. The restoration should be sandblasted
 B. A cleaning solution using acetone and alcohol or   

 phosphoric acid or a strongly alkaline cleaning solution 
 should be used 

 C. The restoration should be sandblasted and/or a 
 strongly alkaline cleaning solution used

 D. The restoration should be sandblasted and/or  
 phosphoric acid used

9. Sandblasting alone, after the try-in and immediately 
before placement, is sufficient for freeing up the  
reaction sites. However:

 A. when translucent zirconia is used, sandblasting   
 alone is not sufficient. 

 B. for clinicians performing the sandblasting  
 themselves, the restoration must be treated with a 
 cleaning solution after the try-in.

 C. if the clinician is requesting that the dental laboratory 
 perform the sandblasting, then the restoration   
 should be treated with a cleaning solution after the   
 try-in.

 D. A and B

10. What is an adequate minimum occlusal thickness 
for a conventionally cemented 3 mol% yttria (high-
strength) zirconia crown, and according to most 
manufacturers, what is the minimal thickness threshold 
for conventionally cemented 5 mol% yttria (translucent) 
zirconia, respectively?

 A. 1 mm for both 3 mol% and 5 mol% yttria zirconia
 B. 1 mm for 3 mol% yttria zirconia, and 1.5 for  

 5 mol% yttria zirconia
 C. 1.5 mm for 3 mol% yttria zirconia, and 1 mm for  

 5 mol% yttria zirconia
 D. 1.5 mm for both 3 mol% and 5 mol% yttria zirconia
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