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Several restorative systems for fabricating all-ceramic fixed partial
dentures (FPDs) have been tested and are being tested in clinical studies
for their long-term success. Yttrium tetragonal zirconia polycrystals (Y-
TZP)-based systems are the most recent version being tested. With the
emphasis on the use of computer-assisted design/computer assisted-
manufacturing (CAD/CAM) technology, various production techniques
have been developed for enhancing the fabrication of consistent and
predictable restorations in terms of strength, marginal fit, and esthetics.
Because clinical data evaluating their performance are limited, the use of
these systems in a predictable manner is considered by many to be
controversial [1], and metal-ceramic FPDs remain the gold standard in
terms of predictability.

In a recent clinical retrospective study evaluating 515 metal-ceramic
FPDs, Walton [2] calculated that the cumulative survival rate of FPDs was
96% for 5 years, 87% for 10 years, and 85% for 15 years of service. This
cumulative survival rate was not related to the number of units restored by
an FPD. Two hundred ninety-nine of the evaluated FPDs were three-units.
In light of these findings demonstrating the expected survival rate of the
current standard of care, all-ceramic FPDs should demonstrate at least
a similar survival rate in clinical studies to be considered as a predictable
restorative alternative.

Walton also reported that modes of failure for metal-ceramic FPDs
were tooth fracture (38%), periodontal breakdown (27%), loss of re-
tention (13%), and caries (11%) [3]. An earlier study showed that the
primary cause of failure was dental caries (38%); other modes of failure
included delamination of the veneering porcelain, cement wash, defective

E-mail address: araigrod@u.washington.edu
0011-8532/04/$ - see front matter � 2004 Elsevier Inc. All rights reserved.

doi:10.1016/j.cden.2003.12.008

mailto:araigrod@u.washington.edu


532 A.J. Raigrodski / Dent Clin N Am 48 (2004) 531–544
margins, abutment fracture, post and core/root fracture, periodontal
disease/abutment mobility, and periapical lesion resulting from pulpal in-
volvement [4].

Campbell and Sozio [5] found, in an in vitro study evaluating statically
loaded all-ceramic and metal-ceramic FPDs, that ceramic FPDs developed
vertical cracks in the connector region before failing, whereas the metal-
ceramic FPDs developed cracks at the intaglio surface of the pontic before
failing. Kelly et al [6] demonstrated in vitro and in vivo that the exclusive
mode of failure in all-ceramic FPDs was a fracture of the connectors. These
findings were further supported in several clinical studies evaluating all-
ceramic FPDs [7–10]. Thus, the primary cause of failure reported for all-
ceramic FPDs differs from that reported for the metal-ceramic FPDs. To
prevent such a failure, the connectors of all-ceramic FPDs must have
sufficient height and width. The strength and therefore the minimal critical
dimensions of these connectors are exclusively dependent on the type of
ceramic material used for the core material.

To ensure long-term success of metal-ceramic FPDs, the minimal critical
dimensions recommended for the connectors are 2.5 mm (occlusogingival
height) by 2.5 mm (buccolingual width), providing a connector surface area
of 6.25 mm2 [11,12]. These dimensions are most likely to be successfully
achieved in the anterior and posterior segments, thus making the proper
diagnosis and patient selection for this type of restoration relatively simple.
This is not the case for all-ceramic FPDs. Due to their primary mode of
failure and the brittleness of ceramics, the required connector dimensions
are larger than the ones recommended for metal-ceramic FPDs. This may
be a major contributing factor in restricting the versatility of their use.
Therefore, appropriate diagnosis, patient selection, and conception of the
requirements of proper ceramic framework design are crucial for the success
of these restorations.

Framework design

The clinical fracture resistance of FPDs is related to the size, shape, and
position of the connectors and to the span of the pontic. The basis for the
proper design of the connectors and the pontic is the law of beams: Deflection
of a beam increases as the cube of its length, it is inversely proportional to its
width, and it is inversely proportional to the cube of its height [13]. A three-
point bending test is one of the most commonly used tests to determine the
modulus of rupture or the transverse flexural strength of a rectangular beam
made of a brittle material [14,15]. When occlusal forces are applied directly
through the long axis of an all-ceramic bridge connector, compressive stresses
develop at the occlusal aspect of the connector at the marginal ridge, and
tensile stresses develop at the gingival surface of the connector. These tensile
stresses contribute to the propagation of microcracks located at the gingival
surface of the connector through the core material in an occlusal direction
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and may lead to a fracture. The most common mode of failure of all-ceramic
FPDs is a fracture of the connectors, with 70% to 78% of the cracks
originating from the interface between the core and the ceramics [6]. Oh et al
[16] demonstrated in a finite element analysis and a fractographic analysis
that connector fracture was initiated at the gingival embrasure and that
a larger radius of curvature at the gingival embrasure reduces the con-
centration tensile stresses, thus affecting the fracture resistance of the FPD.
Oh and Anusavice [17] demonstrated the same in an in vitro study. To
promote achieving the required connector dimensions without compromising
the health of the supporting tissues, it was suggested to fabricate the gingival
and lingual aspects of the connectors out of the framework material
exclusively [18]. In addition, the span of the pontic should not exceed the
length of a first mandibular molar, depending on the properties of core
material and framework design.

Evolution

A high-alumina ceramic for the fabrication of FPD pontic structures
was first introduced by McLean in 1967 [19]. In 1982, he introduced the
platinum-bonded alumina FPD to reduce the problem of fracture through
the connector area while eliminating the traditional cast-metal framework
[20]. However, this restorative option was not feasible due to a high rate of
failure at the connector sites.

New developments in dental ceramics have led to the introduction of
new systems for all-ceramic FPDs. The In-Ceram alumina system (Vita
Zahnfabric, Bad Sackingen, Germany), which uses high-temperature,
sintered-alumina glass-infiltrated copings for all-ceramic crowns, was
introduced for the fabrication of three-unit anterior FPDs [21]. To fabricate
the framework the ceramist can use the slip-casting technique or copy
milling technique with prefabricated partially sintered blanks. The trans-
verse flexural strength of the framework material was demonstrated to be
about 446 MPa [22]. With this system, the minimal critical dimensions for
the connectors are 4 mm occlusal/gingivally and 3 mm buccal/lingually [18].

The Empress II system (Ivoclar North America, Amherst, New York)
uses a lithium-disilicate glass framework that is veneered with fluoroapatite-
based veneering porcelain. The framework is fabricated with the lost-wax
and heat-pressure technique or is milled out of prefabricated blanks. The
transverse flexural strength of the framework material ranges between 350
and 400 MPa [23]. Although these glass-containing materials allow the
fabrication of relatively translucent restorations, it is recommended that
these restorations be etched and adhesively cemented to enhance their
strength. The system is confined to fabricating three-unit FPDs that replace
a missing tooth anterior to the second premolar. The minimal critical
dimensions for the connectors are 4 to 5 mm occlusal/gingivally and 4 mm
buccal/lingually [8].



534 A.J. Raigrodski / Dent Clin N Am 48 (2004) 531–544
The Procera AllCeram Bridges system (Nobel Biocare, Goteborg,
Sweden) uses a densely sintered high-purity aluminum-oxide framework
[24]. The framework is waxed-up as two single copings on the abutment
teeth and a central pontic, which are then scanned in the same manner as
in the fabrication of densely sintered high-purity aluminum-oxide crowns.
They are milled individually and are fused together with a special veneering
ceramics at the connector. The transverse flexural strength of the framework
material ranges between 500 and 650 MPa [25,26]. The minimal critical
dimensions for the connectors are 3 mm occlusal/gingivally with a surface
area of 6 mm2 [27].

The In-Ceram Zirconia system (Vita Zahnfabric) uses a glass-infiltrated
alumina with 35% partially stabilized zirconia framework. To fabricate the
framework, the ceramist may use the slip-casting technique or copy-milling
technique with prefabricated partially sintered blanks. The transverse
flexural strength of the framework material ranges between 600 and 800
MPa [21,28]. For the In-Ceram Zirconia restoration, the recommended
minimal critical dimensions for the connectors are 4 mm occlusal/gingivally
and 3 mm of buccal/lingually. Due to esthetic limitations of the system
resulting from the opacity of the framework, the system is recommended for
fabricating posterior ceramic FPDs [28]. The lack of required space for
desired connector dimensions frequently contraindicates the fabrication of
an all-ceramic FPD.

Recent core materials and technologies

The most recent core materials for all-ceramic FPDs are the yttrium
tetragonal Y-TZP-based materials. Y-TZP-based materials were initially
introduced for biomedical use in orthopedics for total hip replacement and
were highly successful because of the material’s excellent mechanical
properties and biocompatibility [1]. In the early 1990s, the use of Y-TZP
expanded into dentistry (endodontic posts and implant abutments) [29–32],
and Y-TZP is currently being evaluated as an alternative core material for
full-coverage restorations such as all-ceramic crowns and all-ceramic FPDs
[33–35].

Yttrium oxide is a stabilizing oxide added to pure zirconia to stabilize it
at room temperature and to generate a multiphase material known as
partially stabilized zirconia. The exceptional mechanical properties of Y-
TZP (high initial strength and fracture toughness) are due to the unique
physical property of partially stabilized zirconia. Tensile stresses acting at
the crack tip induce a transformation of the metastable tetragonal zirconium
oxide form into the monoclinic form. This transformation is associated with
a local increase of 3% to 5% in volume. This increase in volume results in
localized compressive stresses being generated around and at the tip of the
crack that counteract the external tensile stresses acting on the fracture tip
[36]. This physical property is known as transformation toughening.
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The long-term stability of ceramics is closely related to subcritical crack
propagation and stress corrosion caused by water in the saliva reacting with
the glass, resulting in decomposition of the glass structure, which leads to
increased crack propagation in glass-containing systems. However, glass-
free systems having a polycrystalline microstructure, such as Y-TZP, do not
exhibit this phenomenon. Therefore, their long-term stability may be
enhanced. In in vitro studies, Y-TZP bars demonstrated a flexural strength
of 900 to 1200 MPa [36–38]. In vitro studies on Y-TZP FPDs (with different
connector dimensions) under static load demonstrated fracture resistance
between 1800 to more than 2000 N. Under cyclic load simulating a 5-year
clinical load, the fracture resistance of posterior three-unit bridges cemented
with glass ionomer cement was 1457 N, which was well beyond the 1000 N
required [39,40].

Patient selection and treatment planning

As part of the diagnosis and decision-making process in selecting the
appropriate treatment option for an individual patient, the edentulous space
must be evaluated in terms of the available interocclusal distance. To
facilitate patient selection for all-ceramic FPDs, one must confirm adequate
prospective height for the framework material and veneering ceramics
before determining the restorative system of choice. A 4-mm clinical
measurement with periodontal probe from interproximal papilla to the
marginal ridge of the prospective abutment indicates adequate connector
height for most contemporary systems for all-ceramic FPDs (Fig. 1). At
times the available space for the connector may be restricted by reduced
interocclusal distance, which may make it difficult to achieve the required
connector dimensions without compromising the biologic demands of open
embrasures needed for facilitating plaque control and adequate oral hygiene
(Fig. 2). The following clinical scenarios lead to reduced interocclusal
distance; therefore, alternative treatment options rather than all-ceramic
FPDs must be considered [27].

1. A deep vertical overlap with a reduced horizontal overlap leading to
a deep bite in the anterior maxillary segment (Class II Division II) that
may not allow sufficient labiolingual connector width

2. An opposing tooth that is supraerupted into the edentulous space that
cannot be corrected with minor enameloplasty only and that may be
accompanied with mesial drift of a prospective molar abutment tooth
into the edentulous space

3. Prospective abutment teeth with short clinical crowns that may restrict
the height of the connector

The concentration of heavy stresses in the connector area increases
the risk of catastrophic fracture. Therefore, it is mandatory to evaluate
prospective abutments in terms of their periodontal health with an emphasis
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on abutment mobility. Prospective abutments exhibiting increased mobility
should not be used as a foundation for all-ceramic FPDs. The use of all-
ceramic FPDs with a cantilever design is questionable (the pontic acts as
a lever that is depressed under occlusal forces) due to the possibility of
developing heavy stress at the connector. Finally, heavy bruxers who exhibit
parafunctional activity should not receive all-ceramic FPDs.

Design and manufacturing of Y-TZP–based FPD frameworks

A Y-TZP–based FPD framework is designed using conventional waxing
techniques or CAD. Optimal CAD software allows technicians to custom
design an FPD framework while combining traditional concepts of design

Fig. 1. Preoperative lateral view in maximum intercuspation. The opposing teeth did not

dramatically supraerupt in a manner that contraindicates the fabrication of a Y-TZP–based all-

ceramic FPD.

Fig. 2. Preoperative lateral view of a patient missing his left mandibular first molar. A

measurement of the distance between the marginal ridge and the free gingival margin confirmed

that adequate prospective connector height (4 mm) exists for the fabrication of a Y-TZP–based

all-ceramic FPD.
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with material-derived requirements. Several Y-TZP–based restorative
systems for crowns and FPDs have been described in scientific abstracts
and in peer-reviewed articles.

The Cercon system (Dentsply Ceramco, Burlington, New Jersey) requires
conventional waxing techniques for designing the Y-TZP–based infrastruc-
ture. The DCS-Precident, DC-Zirkon (Smartfit Austenal, Chicago, Illinois)
and the Lava (3M ESPE, St. Paul, Minnesota) systems each use a different
type of CAD technology with different features and design options (Fig. 3)
[33–35]. Once the design of the framework is completed, the data are
transferred to a milling unit for fabricating the framework. The data are
transferred from the CAD unit to the CAM unit, or a conventional wax-
pattern is scanned as with the Cercon system. The Cercon system and the
Lava system use partially sintered Y-TZP–based blanks for milling the
infrastructures, whereas DCS-Precident, DC-Zirkon infrastructures are
milled from fully sintered Y-TZP–based blanks. With a partially sintered
milled framework, the size has been increased to compensate for shrinkage
(20% to 25%) that occurs during final sintering. The milling process is
faster, and the wear and tear of hardware is less than when milling from
a fully sintered blank [33–35]. Studies show that clinically acceptable
marginal fit is maintained (Figs. 4, 5) [41,42]. The proponents of partially
sintered frameworks claim that microcracks may be introduced to the
framework during the milling procedure, whereas the proponents of milling
of a fully sintered blank claim that the marginal fit is superior because no
shrinkage is involved in the process.

Features of Y-TZP–based restorations

Most of the advantages of Y-TZP–based FPDs described here validate
the use of Y-TZP–based materials for all-ceramic crowns and all-ceramic

Fig. 3. A view of the CAD FPD framework designed on the computer (Lava; 3M ESPE,

St. Paul, Minnesota).
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FPDs. The use of all-ceramic restorations increases the depth of trans-
lucency and light transmission across the entire restoration [43]. Some of the
zirconia-based systems use a single white shade for the core (eg, Cercon,
DCS-Precident). The Lava Y-TZP core is relatively translucent and has
a masking ability that allows successful coverage of metal cores or
discolored teeth. Once milled, it can be colored into one of seven shades
(corresponding to the Vita-Lumin shade guide) before the final sintering
procedures. This allows the development of the shade of the restoration
from its intaglio surface all the way to the outer aspect of the veneering
porcelain (Fig. 6). The ability to control the shade of the core may also
eliminate the need to veneer the lingual and gingival aspects of the
connectors in cases were the interocclusal distance is limited and the
required connector dimensions are barely achieved. In addition, the palatal
aspect of anterior crowns and FPDs may be fabricated exclusively of the

Fig. 4. Lingual view of the completed framework fitted to the working dies. Note the excellent

marginal fit.

Fig. 5. Buccal view of the completed framework fitted to the working dies. Note the excellent

marginal fit.
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core material in patients who lack space for lingual veneering porcelain [44].
Special feldspathic veneering porcelains were designed to match the Y-TZP–
based frameworks in terms of physical and optical properties, with
a coefficient of thermal expansion closely matched (Fig. 7) [44].

Clinicians may place the finish line of a tooth preparation at the free
gingival margin or slightly below it (0.5 mm) without compromising the
esthetic result (Fig. 8). This reduces the possibility of iatrogenic periodontal
disease [45–47]. Moreover, the ability to place the finish line at or below the
free gingival margin facilitates the making of an accurate impression.

Ceramic materials in general are considered to be great insulators. All-
ceramic systems have reduced thermal conductivity, resulting in less thermal
sensitivity and potential pulpal irritation [8].

Fig. 6. Buccal view of the framework try-in. Note the excellent blending of the framework with

the gingival tissue and the open gingival embrasures for oral hygiene maintenance.

Fig. 7. The completed restoration before cementation. Note the blending of the Y-TZP–based

framework with the veneering porcelain.
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A small percentage of the population is hypersensitive to dental alloys
containing noble and base metals, such as palladium and nickel. Metal-free
ceramic systems eliminate this problem [48–53]. The high biocompatibility
of Y-TZP was evaluated in in vitro and in vivo studies with no reported
local or systemic adverse reactions to the material [54–57]. The findings of
a recent study also demonstrated that fewer bacteria accumulated around
Y-TZP than titanium [58].

YTZ-P–based cores present with a metal-like radiopacity that enhances
radiographic evaluation of the restoration in terms of marginal integrity,
adequate excess cement removal, and prospective secondary decay (Fig. 9)
[44].

As a result of their mechanical and physical properties YTZ-P-based
FPD frameworks require a relatively small connector area compared with
their predecessors, ranging between 7 and 16 mm2 [27].

Limitations

The main limitation of Y-TZP–based all-ceramic FPDs is that in many
cases their use may be contraindicated because of a lack of required
dimensions for the prospective connector resulting from restricted
interocclusal distance, prospective abutment mobility, or severe parafunc-
tion. When all-ceramic FPD systems do not fit precisely, a new definitive
impression must be made because they cannot be sectioned and soldered like
metal-ceramic FPDs. The other limitation is the lack of long-term clinical
data on the success of these restorations.

Clinical procedures

Clinical procedures and radiographic evaluation are similar to those used
with metal-ceramic FPDs. Metal-ceramic–like preparation design, which

Fig. 8. Postoperative lateral view in maximum intercuspation 6 months postcementation of the

Y-TZP–based FPD.
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is within the clinician’s comfort zone, is recommended with rounded line
angles and rounded finish lines, such as deep chamfer or a rounded
shoulder. The finish line may be placed at the free gingival margin or slightly
below it (0.5 mm) when possible without compromising the esthetic result
[44].

With Y-TZP–based materials, adhesive cementation is not mandatory,
and traditional cementation procedures can be used predictably. Adhesive
cementation may be technique sensitive, especially if the finish line is placed
deep into the gingival sulcus because of previous restorations, decay, or the
need to enhance retention. In these cases, adequate moisture control may
not be successful, leading to a compromised adhesive cementation pro-
cedure and compromising the longevity of the restoration [44].

Summary

Because of their material-inherent advantages, Y-TZP–based all-ceramic
restorative systems may allow clinicians to use traditional clinical
procedures similar to those used in the fabrication of metal-ceramic restora-
tions in terms of preparation design and cementation procedures. With
Y-TZP–based systems that use a CAD/CAM technology, ceramists use
new techniques and technologies in addition to traditional ones. Such
new technologies may allow the production of consistent high-quality Y-TZP
frameworks in terms of design and fabrication, strength, fracture toughness,
and stress-corrosion resistance. They are esthetic, have clinically acceptable
marginal fit, and allow the ceramist to use traditional veneering procedures
with the compatible esthetic porcelain. In addition, such systemsmay prove to
be simple to handle and less technique sensitive from a clinical standpoint
while providing patients with esthetic and functional restorations. Although

Fig. 9. Postoperative radiograph demonstrates the metal-like radiopacity of the Y-TZP–based

FPD.



542 A.J. Raigrodski / Dent Clin N Am 48 (2004) 531–544
clinical data on the success of these restorations are limited, anecdotal
evidence and initial observations made in ongoing clinical studies are
promising. The long-term results of these studies are paramount to the
assessment of their long-term success and for the establishment of more
specific guidelines for proper patient selection that will ensure long-term
predictable esthetic and functional success.
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