
72 Y. Ji, X.D. Zhang, X.C. Wang, Z.C. Che, X.M. Yu and H.Z. Yang

© 2013 Adva]ced Study Ce]ter Co. Ltd.

Rev. Adv. Mater. Sci. 34 (2013) 72-78

Corresponding authors: X.D. Zhang, e-mail: yxmbadboy@gmail.com; H.Z. Yang,  yanghuazhe@gmail.com

ZIRCONIA  BIOCERAMICS  AS  ALL-CERAMICS  CROWNS
MATERIAL:  A  REVIEW

Y.Ji1, X.D. Zhang1, X.C. Wang1, Z.C. Che1, X.M. Yu2 and H.Z. Yang2, 3

1General Hospital of Shenyang Military Area Command, Shenyang 110840, PR China
2Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, PR China

3Department of Biophysics, College of Basic Medical Science, China Medical University, Shenyang 110001,
 PR China

Received: November 09, 2012

Abstract. Zirconia (ZrO
2
), known as a kind of bioceramics widely applied in prosthodontics, is

considered as a promising alternative to conventional bioceramics owing to its desirable
mechanical strength, toughness, wear resistance, corrosion resistance, biocompatibility etc.
However, the development of zirconia is hindered due to its instability in long-term clinical
observations such as the cracking (chipping) of veneering porcelain and deterioration of mechanical
properties of zirconia dental crowns under intraoral condition. The aim of this study is to review
the development and actuality of ZrO

2
 in prosthodontics. In addition, stability problems in

commercial zirconia crowns are discussed in detail and the potential solution has been proposed.
Furthermore, the authors’ o]goi]g works a]d perspective has also bee] put forward.

1. INTRODUCTION

Nowadays, metal-ceramic restorations have been
widely applied in prosthodontics. However, the colors
of most metal crowns often lead to the catastrophic
esthetic outcomes. In addition, noble metal crown
is expensive for clinical popularization, while non
noble metals have problems of corrosion and
biological safety. Furthermore, the obviously different
properties of metal and porcelain can lead to
undesirable interface adhesion between crowns and
porcelains, which may affect the long-term clinical
results of metal-ceramic restorations. As a promising
solution, all-ceramic crown possess remarkable
esthetics characteristic, biological compatibility and
potential superior adhesion between crowns and
porcelains, becoming a hot issue in dental clinics
[1-3]. Alumina bioceramic [4,5] used to prepare all-
ceramic crowns, while it failed in the preparation of
post crown and implanting abutment due to its poor
bending strength and wear resistance. Furthermore,

high cost and poor toughness of all ceramic crowns
cannot be ignored in clinical popularization.

Zirconia (ZrO
2
), a well-known structural and

biomedical ceramic, has received extensive
attention in the past decades owing to its excellent
biocompatibility, aesthetics and heat conductivities.
Furthermore, as an alternative to alumina, ZrO

2
-

based restoration has a superior mechanical
properties (fracture toughness, strength and
hardness) comparable to that of the metallic-based
ones [6-8], which is feasible to prepare all ceramic
crowns (Fig. 1), bridges and implants [9], becoming
a hot issue in stomatology [10-15].

At ambient pressure, different ZrO
2
 polymorphs,

i.e., the monoclinic (m), tetragonal (T) and cubic (c)
fluorite structures can be formed depending on the
temperature (Fig. 2). Phase transformations of ZrO

2

accompanied with volume change tend to take place
under different conditions. As a result, pure ZrO

2

tends to fracture even at room temperature, known
as low temperature degradation (LTD) or aging, which
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deteriorates the mechanical properties of ZrO
2
 and

makes it unsuitable for clinical applications. As a
solution, ZrO

2
-based composites can enhance the

toughness of ceramics system by controlling the
phase transformation of ZrO

2
. There are three types

of transformation-toughened ZrO
2
 composites: 1.

Zirconia toughened ceramics such as ZrO
2
-Al

2
O

3

(ZTA). In such system, ZrO
2
 particles are dispersed

in another matrix such as alumina; 2. Tetragonal
zirconia polycrystals such as Y

2
O

3
-ZrO

2
 (Y-TZP).

Second phase (Y
2
O

3
) adopted as a stabilizer is

dispersed in ZrO
2
 matrix, which can retain the

tetragonal structure of ZrO
2
 at room temperature by

controlling the phase transformation. In this case,
the external strain can be neutralized by phase
transformation toughening (PPT) of ZrO

2
 based

ceramic from tetragonal phase to monoclinic phase.
As a result, the bending strength and fracture
toughness can be enhanced remarkably; 3. Partial
stabilized zirconia such as Mg-ZrO

2
 (Mg-PSZ),

where Mg can be adopted as stabilizing agent to
obtain the partial stabilized ZrO

2
 polycrystals.

To date, extensive investigations have been
performed on the above-mentioned transformation-

Fig. 1. ZrO
2
 crown for dental application.

Fig. 2. Types of polymorphs of zirconia: (a) monoclinic phase; (b) tetragonal phase; (c) cubic phase.

toughened ZrO
2
 composites [16-23], and the clini-

cal observations of zirconia-based materials in pros-
thodontics are also well documented. However,
many clinical failures of ZrO

2
 dental crowns can be

found in long-term clinical observations such as the
cracking (chipping) of veneering porcelain and
deterioration of mechanical properties under intraoral
condition. Therefore, in this paper, the clinical failure
and current status of ZrO

2
-based all ceramic crowns

are summarized, and the progresses and perspective
of solutions including our ongoing works are
proposed.

2. EXISTING CHALLENGES

Up to day, many manufacturers such as Vita
Zahanfabirk, Sirona, and Ivoclar Vivadent have
realized the mass production Y-TZP bulks (grain
size: 200-500 nm) to prepare dental crowns ( bending
strength  900 MPa, fracture toughness  5
MPa·m1/2). However, clinical failures such as chip-
ping or cracking of veneer porcelain and LTD of Y-
TZP, especially in moisture, are also observed in
long-term clinical observation [20,24-26]. The rea-
sons can be attributed to the followings:
1. The sintering temperature range of clinical-
demanded ZrO

2
 based ceramics is broad (1300-1500

°C), which lead to the obvious difference in grain
sizes of samples (Fig. 3). There are few systematic
investigations concerning the influence of sintering
conditions on the grain size, orientation, and stability
of ZrO

2
 crystal, increasing the uncertainty in long-

term clinical observations; Besides, the influence
of size effect especially in the nanometer scale on
the phase stability of ZrO

2
 have yet to be

systematically clarified. Furthermore, the potential
bioeffects brought by nanotechnology are still
uncertain.
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Fig. 3. Atomic force micrographs of 3Y-TZP sintered at 1300 °C (A) and 1450 °C (B) [20], reprinted with
permission from I. Denry, J.R. Kelly, Dental Materials, Volume 24, 299-307 (2008)], (c) (2008) Elsevier.

2. It is necessary to veneer high-translucent dental
porcelains on the surface of CAD/CAM derived Y-
TZP crown to enhance the bending strength and
esthetics of crown. Accordingly, the porcelain
chipping or cracking tends to take place if the
wettability of Y-TZP crown to veneer porcelain coating
is unsuitable, or the difference in coefficient of
thermal expansion is large. As there is no standard
surface treatment for Y-TZP crown, and the
systematic fundamental investigations on the
interface between porcelain and core have yet to
investigate, which increase the occurrences of the
clinical failures.

3. RESEARCH PROGRESS

In order to investigate the long-term stability and
safety of Y-TZP crowns systematically, numerous
experiments have been performed to investigate the
influence of heat treatment and surface modification
on mechanical and biological properties of ZrO

2
 [28-

37]. In addition, based on the well-known phase
transformation toughening mechanism, some
interesting and novel theoretical investigations are
also carried out to further study the phase
transformation and crack propagation of ZrO

2
 [38-

42].

3.1. Preparation process investigation

Nowadays, ZrO
2
 powder has been prepared by

various methods such as gas phase method, solid
phase method and liquid phase method [43-49]. In
gas phase method, powder can be obtained through
the aggregations of precursor vapor and in solid
phase process, powder can be prepared through
mechanical comminuting or solid-phase reaction.
While in liquid phase process, crystals or
precipitates can be derived through the reactions

taken place in the solution, and final products can
be obtained through dehydration or thermal decom-
position of the precursor. Among the methods men-
tioned-above, the liquid method has been widely
adopted to prepare ZrO

2
-based ceramics because

of its simplicity and low cost. The liquid methods
include precipitation method, microemulsion
method, hydrothermal method and sol-gel method,
etc. For precipitation and microemulsion methods,
reaction conditions must be rigorously controlled,
which increase the complexity of the experiment.
Therefore, hydrothermal method and sol-gel method
are preferential to prepare ZrO

2
-based powder.

For hydrothermal method, reacting solution is
sealed in a high pressure reaction kettle and the
grain size of samples could be controlled in several
nanometers owing to the relative low reaction
temperature. In this way, it is feasible to
systematically clarify the influence of nanometer-
size effect on phase stability and mechanical
stability of ZrO-

2
 crowns. However, for Y-TZP

ceramics, the distribution uniformity of second phase
(Y3+) in ZrO

2
 matrix is uncontrollable due to the

different precipitation consequence of matrix and
second phase in hydrothermal method, which may
play an important role in the phase stability of Y-
TZP for dental applications [20].

For sol-gel method, molecular homogeneity
within the elementary mixing scale of ingredient can
be achieved, which can be applied to improve the
distribution of second phase in ZrO

2
 matrix. Among

the sol-gel methods, the conventional alkoxide
reactor is expensive to clinical popularization. As
an alternative, some relatively inexpensive raw
materials are dissolved in organic solvent, and ZrO

2

powder can also be obtained through drying,
dehydration and calcinations process. However, the
process is complicated, and the conditions for gel
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formation should be rigorously controlled. Besides,
agglomeration phenomena and second phase seg-
regation (uneven distribution of Y3+ in matrix) can
also be observed in traditional sol-gel method, which
can influence the mechanical properties and stability
of Y-TZP ceramics. Therefore, formation of colloid
and bridging stability of gel skeleton should be
investigated systematically to improve the phase
purity of ZrO

2
 and distribution uniformity of second

phase.
In fact, we have investigated the bridging

mechanism of gel skeleton under various conditions
for some ceramics such as CeO

2
 and Bi-Sr-Ca-Cu-

O (BSCCO) ceramics in detail [50-52]. It is found
that the association mode of bridging bonds could
determine the degree of chemical segregation, which
can influence the ingredient distribution and phase
purity of ceramics. The novel secondary gel
technique can improve the bridging stabilities of the
precursor gel skeleton, which can decrease the
chemical segregation. Accordingly, the technique
can also be applied to improve the distribution
uniformity of second phase in Y-TZP, which provides
a promising way to overcome the obstacles in the
Y-TZP all ceramic crowns. However, it should be
noted that, grain size of particle derived from sol-gel
method is from tens to hundreds nanometers, which
can hardly reduced owing to the relative high
calcinations temperature. Kelly et al. found that TZP
with different amounts of second phase have different
critical grain size, above which the TZP is less stable
and more susceptible to spontaneous phase
transformation from monoclinic structure to
tetragonal structure [20,23]. However, the relative

Fig. 4. XRD patterns of ZrO
2
 powders derived by different addition of EDTA.

investigation is unsystematic especially for TZP with
grain size of several nanometers to tens of nanom-
eters.

In the meanwhile, influence of nanometer-size
effect and distribution of second phase on the phase
stability of ZrO

2
 is also an interesting issue. Since

hydrothermal method can control the grain size of
several nanometers, and sol-gel method can improve
the distribution uniformity of second phase, some
novel and interesting outcomes may be found if the
two methods can be integrated. To date, we have
prepared ZrO

2
 powders via the combined complex-

hydrothermal methods. Fig. 4 is our unpublished
investigation, which shows the XRD patterns of
stabilizer-free ZrO

2
 powders derived from different

addition of EDTA. Then, the grain size of ZrO
2

powders can be calculated according to Scherrer
formula.

kh
D K / cos ,

l

where K = 0.89,  is FWHM of diffraction peak,  is
wave length of X-ray and  is the diffraction angle

The grain size of ZrO
2
 powder for all samples is

smaller than 10 nm. Furthermore, pure tetragonal
structure of ZrO

2
 can be obtained at room

temperature without the addition of second phase.
The relative work on doping of secondary phase in
ZrO

2
 matrix via this method is in progress.

3.2. Theory investigation

Few exciting theoretical progress have been reported
since the famous phase transformation toughening
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Fig. 5. Schematic diagram for magnetic field
orientation of crystals.

Fig. 6. Schematic lattice matching diagram between ZrO
2
 and veneer procelain, in which the [110]

ZrO2

direction is oriented parallel to [100]
veneer procelain

.  : ZrO
2
 lattice, : Veneer porcelain lattice.

theory of ZrO
2
-based ceramics. To make it worse,

most manufactures only concern on the short term
mechanical properties and stability of ZrO

2
-based

ceramics available for dentistry, while the motivation
on theory investigation is insufficient, which may
affect the long term clinical effect of zirconia-based
all ceramic crowns. Although the pinning role of
second phase on grain boundaries of matrix and
the phase transformation toughening theory under
external force have been investigated, the relative
investigations are insufficient [20]. The influence of
crystal size on mechanical properties of crown is

still controversial on the critical size to retain the
tetragonal stable phase [20,23]. Therefore, role of
second phase and the size effect of ZrO

2
 crystal on

martensite phase transformation temperature and
energy, especially nanometer-size effect triggered
mechanical property and biostability are still
unknown; besides, grain boundary diffusion, crystal
nucleation and growth, lattice mismatch between
veneer porcelain and crown have yet to be further
studied. As well known, temperature and duration
have a remarkable influence on grain boundary
migration, crystal growth and phase stability, which
can thereby dramatically influence the phase
structure and properties of crowns; Furthermore,
according to lattice matching theory, large lattice
mismatch will lead to large mismatch energy, which
is detrimental to the interface of porcelain (e.g.,
feldspar porcelain) and crown. Since the lattice
mismatch between porcelain and Zirconia-based
crowns is large (larger than 10%), the combination
of interface have yet to be investigated.

Our group has focused on the combination of
films and substrate for many years [53-55]. It has
been found that the crystal orientation of BSCCO
films can be altered through induction of external
field such as temperature and magnetic field. As a
result, the lattice mismatch between films and
substrates can be decreased, as shown in Fig. 5.
For temperature field induction, the crystal
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orientation rotation growth mode of film may be at-
tributed to the spontaneous nucleation orientation
of films under certain thermodynamic condition to
decrease the lattice mismatch energy [55]; while
for magnetic field, the crystals with different
magnetic susceptibility can be induced to change
their original orientation, as shown in Fig. 6. In this
way, the orientation of veneer porcelain can be altered
to decrease the lattice mismatch between the veneer
porcelain and Y-TZP crowns. The relative works are
in progress.

4. CONCLUSIONS

Long-term stability of ZrO
2
 based TZP crowns, i.e.,

mechanical and biological properties, is crucial for
clinical application. Therefore, special attention
should be paid on the crystal growth, role of second
phase, size effect of grain and the matching degree
between veneer porcelain and crown [56]. At the
same time, the cost and the complexity of
experiment should also be taken into account. It is
believed that under the efforts of both researchers
and manufacturers, ZrO

2
-based ceramics would take

an increasingly important role in the field of
prosthodontics in the near future.

REFERENCES

[1] W.J. Derek // Dent. Clini. North. Am. 29 (1985)
621.

[2] M.A. Rosenblum and A.Schulman // J Am.
Dent. Assoc. 128 (1997) 297.

[3] V.M. Roriz, A.L. Rosa and O. Peitl // Clin.
Oral. Implan. Res. 21 (2010) 148.

[4] G.L. Zhang, J.X. Zhang and T.X. Zhong //
Beijing Biomed. Eng. 25 (2006) 109.

[5] J. Marchi, C.S. Delfino and J.C. Bressiani //
Int. J Appl. Ceram. Technol. 7 (2009) 139.

[6] M.Hisbergues, S. Vendeville and P. Vendeville
// J Biomed. Mater. Res. B: Appl. Biomater.
88B (2009) 519.

[7] J. Chevalier // Biomaterials. 27 (2006) 535.
[8] E.C. Subarrao, In: Science and technology of

zirconia, ed. by A.H. Heuer and L.W. Hobbs
(Columbus, OH: The American Ceramic
Society, 1981), p. 1.

[9] Z. Özkurt a]d E. Kazazoglu %% J Oral.
Implantol. 37 (2011) 367.

[10] M. Kern and S.M. Wegner // Dent. Mater. 14
(1998) 64.

[11] H. Kasuga, H. Ohmori and Y. Watanabe //
Key Eng. Mater. 404200969.

[12] Y. Shijo, A. Shinya and H. Gomi // Dent.
Mater. J. 28 (2009) 352.

[13] A. Eric, P. Anne and H. Thomas // J Dent. 27
(1999) 275.

[14] I. Sailer, J. Gottner and S. Kanel // Int.
J Prosthodont. 22 (2009) 553.

[15] R.V. Brakel, M.S. Cune and A.J.V. Winkelhoff
// Clin. Oral Impl. Res. 22 (2011) 571.

[16] D. Sarker, D. Mohapatra and S. Ray //
J Mart. Sci. 42 (2007) 1847.

[17] G. Stefanic, S. Music and M. Ivanda // J Mol.
Struct. 924-926 (2009) 225.

[18] A. Taavoni-Gilan, E. Taheri-Nassaj and
H. Akhondi // J Non-Cryst. Solids. 355 (2009)
311.

[19] M.J. Tholey, M.V. Swain and N. Thiel // Dent.
Mater. 25 (2009) 857-862

[20] I. Denry and J.R. Kelly // Dent. Mater. 24
(2008) 299.

[21] E.L. Jin and Y.J. Jiao // International Journal
of Stomatology 34 (2007) 62.

[22] X.J. Liang, Y.X. Qiu and S.X. Zhou // J Univ
Sci Technol B. 15 (2008) 764.

[23] J.R. Kelly and I. Denry // Dent. Mater. 24
(2008) 289.

[24] H.J. Conrad, W.J. Seong and I.J. Pesun //
J Prosthet. Dent. 98 (2007) 389.

[25] M.V. Swain // Acta Biomater. 5 (2009) 1668.
[26] A. Otrop, M.L. Kihl and G.E. Carlsson //

J Dent. 37 (2009) 731.
[27] P. Kohorst, J. Junghanns and M.P. Dittmer //

Clin. Oral. Invest. 15 (2011) 527.
[28] H. Yilmaz, S.K. Nemli and C. Aydin // Dent.

Mater. 27 (2011) 786.
[29] A.K. Mainjot, G.S. Schajer and A.J.

Vanheusden // Dent. Mater. 27 (2011) 906.
[30] A.P. Vargas, D.G. Perez and M.M. Perdomo

// Dent. Mater. 27 (2011) 581.
[31] R.L. Smith, C. Villanueva and J.K. Rothrock

// Dent. Mater. 27 (2011) 779.
[32] M. Baldassarri, Y. Zhang and V.P. Thompson

// J Dent. 39 (2011) 489.
[33] J.E. Moon, S.H. Kim and J.B. Lee // Dent.

Mater. 27 (2011) 651.
[34] R.J. Kohal, M. Wolkewitz and A. Tsakona //

Clin. Oral. Impl. Res. 22 (2011) 808.
[35] J.R. Piascik, S.D. Wolter and B.R. Stoner //

Dent. Mater. 27 (2011) e99.
[36] A. Attia, F. Lehmann and M. Kern // Dent.

Mater. 27 (2011) 207.
[37] J.Y. Thompson, B.R. Stoner and J.R. Piascik

// Dent. Mater. 27 (2011)71.



78 Y. Ji, X.D. Zhang, X.C. Wang, Z.C. Che, X.M. Yu and H.Z. Yang

[38] W. Kou, D.C. Li and J.Y. Qiao // J Biomed.
Mater. Res. B. 96B (2011) 376.

[39] E.S. Elshazly, S.M.E. Hout and M.E.S. Ali //
J Mater. Sci. Technol. 27 (2011) 332.

[40] C. Mochales, A. Maerten and A. Rack // Acta
Biomater. 7 (2011) 2994.

[41] G. Mitov, J. Gessner and U. Lohbauer //
Dent. Mater. 27 (2011) 684.

[42] P. Benetti, F. Pelogia and L. F.Valandro //
Dent. Mater. 27 (2011) 948.

[43] V.S. Vladimir and P.O. Radovan // Ceram.
Int. 27 (2001) 859.

[44] M. Eriksson, L.C. Klein and E. Liden //
Mater. Sci. Tech. 22 (2006) 611.

[45] V.S. Vladimir, W. Markus and H. Horst //
J Am. Ceram. Soc. 83 (2000) 729.

[46] B. Xia, L.Y. Duan and Y.C. Xie // J Am.
Ceram. Soc. 83 (2000) 1077.

[47] Z.P. Xie, J.T. Ma and Q. Xu // Ceram. Int. 30
(2004) 219.

[48] S. Jing and G.Lian // Key Eng. Mater. 224-
226 (2002) 663.

[49] B. Li, X. Wei and W. Pan // J Power Sources
193 (2009) 598.

[50] H.Z. Yang, H. Yu, Y. Ji, X.M. Yu, H. Zhu and
Z.M. Li. // Mater. Res. Innov. 15 (2011) 391.

[51] Y. Zhang, H.Z. Yang, M. L. Li, B. Z. Sun and
Y. Qi // CrstEngComm. 12 (2010) 3046.

[52] H.Z. Yang, W.S. Chen, Z.Z. Zhi, W. Wei,
C.B. Zhang and Y. Qi // Mater. Sci. Forum
546-549 (2007) 1993.

[53] H.Z. Yang, X. M. Yu, X.G. Sun, Y. Ji and Y. Qi
// Asian J Chem. 24 (2012) 3510.

[54] H.Z. Yang, Preparation of BSCCO and MgB
2

novel superconducting tapes by chemical
method (Dissertation, Shenyang:
Northeastern University2008).

[55] H.Z. Yang, X.M. Yu, Y. Ji and Y. Qi // Appl.
Surf. Sci. 258 (2012) 4852.

[56] J. Fischer, B. Stawarzcyk and A. Trottmann
// Dent. Mater. 25 (2009) 419.


