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Abstract Abstract 
Digital manufacturing, all-ceramics, and adhesive dentistry are currently the trendiest topics in clinical 
restorative dentistry. Tooth- and implant-supported fixed restorations from computer-aided design 
(CAD)/computer-aided manufacturing (CAM)–fabricated high-strength ceramics—namely, alumina and 
zirconia—are widely accepted as reliable alternatives to traditional metal-ceramic restorations. Most 
recent developments have focused on high-translucent monolithic full-contour zirconia restorations, 
which have become extremely popular in a short period of time, due to physical strength, CAD/CAM 
fabrication, and low cost. However, questions about proper resin bonding protocols have emerged, as 
they are critical for clinical success of brittle ceramics and treatment options that rely on adhesive bonds, 
specifically resin-bonded fixed dental prostheses or partial-coverage restorations such as inlays/onlays 
and veneers. Resin bonding has long been the gold standard for retention and reinforcement of low- to 
medium-strength silica-based ceramics but requires multiple pretreatment steps of the bonding surfaces, 
increasing complexity, and technique sensitivity compared to conventional cementation. Here, we 
critically review and discuss the evidence on resin bonding related to long-term clinical outcomes of 
tooth- and implant-supported high-strength ceramic restorations. Based on a targeted literature search, 
clinical long-term studies indicate that porcelain-veneered alumina or zirconia full-coverage crowns and 
fixed dental prostheses have high long-term survival rates when inserted with conventional cements. 
However, most of the selected studies recommend resin bonding and suggest even greater success with 
composite resins or self-adhesive resin cements, especially for implant-supported restorations. High-
strength ceramic resin-bonded fixed dental prostheses have high long-term clinical success rates, 
especially when designed as a cantilever with only 1 retainer. Proper pretreatment of the bonding 
surfaces and application of primers or composite resins that contain special adhesive monomers are 
necessary. To date, there are no clinical long-term data on resin bonding of partial-coverage high-strength 
ceramic or monolithic zirconia restorations. © 2017, © International & American Associations for Dental 
Research 2017. 
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Introduction
High-strength ceramic materials, such as alumina and zirconia, 
are typically fabricated with computer-aided design (CAD)/
computer-aided manufacturing (CAM) technologies and were 
developed to eliminate metal-alloy frameworks for restora-
tions that are exclusively made from ceramics for optical, 
physical, and biologic reasons. Especially for full-coverage 
crowns, clinical success rates are comparable to traditional 
metal-ceramic restorations (Takeichi et al. 2013; Ozer et al. 
2014). Consequently, the popularity and range of clinical 
applications of high-strength ceramics have increased consid-
erably at an unexpected pace. Initially designed for copings 
and frameworks for porcelain-veneered bilayer all-ceramic 
restorations (Ozer et al. 2014), current high-translucent zirco-
nia ceramics are extensively used in private practice for mono-
lithic full-contour restorations (Blatz et al. 2016; Zhang et al. 
2016). Digital workflows, CAD/CAM fabrication, and elimi-
nation of work-intensive porcelain layering procedures have 
made monolithic ceramic restorations more predictable and 
cost-effective. However, the scientific world has been largely 
unable to keep pace with the rapid and widespread implemen-
tation of these materials in clinical practice: sound clinical 

studies are scarce, not just on the materials themselves but 
even more so on their clinical handling and suggested cemen-
tation protocols. Resin bonding is a necessity for low- and 
medium-strength silica-based ceramics that are not supported 
by a core or framework to provide reinforcement and adhesion. 
Discussions on cementation versus resin bonding for high-
strength ceramics have been going on for almost 2 decades, but 
clinical recommendations mainly rely on in vitro studies. 
Bonding protocols for high-strength oxide ceramics differ fun-
damentally from the ones established for silica-based ceramics 
and are based on early bond-strength studies to alumina.

Over the past decade, alumina was progressively replaced 
by zirconia in clinical practice. Nevertheless, clinical data on 
alumina ceramics and how bonding affects their clinical 
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Digital manufacturing, all-ceramics, and adhesive dentistry are currently the trendiest topics in clinical restorative dentistry. Tooth- 
and implant-supported fixed restorations from computer-aided design (CAD)/computer-aided manufacturing (CAM)–fabricated high-
strength ceramics—namely, alumina and zirconia—are widely accepted as reliable alternatives to traditional metal-ceramic restorations. 
Most recent developments have focused on high-translucent monolithic full-contour zirconia restorations, which have become extremely 
popular in a short period of time, due to physical strength, CAD/CAM fabrication, and low cost. However, questions about proper 
resin bonding protocols have emerged, as they are critical for clinical success of brittle ceramics and treatment options that rely on 
adhesive bonds, specifically resin-bonded fixed dental prostheses or partial-coverage restorations such as inlays/onlays and veneers. 
Resin bonding has long been the gold standard for retention and reinforcement of low- to medium-strength silica-based ceramics but 
requires multiple pretreatment steps of the bonding surfaces, increasing complexity, and technique sensitivity compared to conventional 
cementation. Here, we critically review and discuss the evidence on resin bonding related to long-term clinical outcomes of tooth- 
and implant-supported high-strength ceramic restorations. Based on a targeted literature search, clinical long-term studies indicate 
that porcelain-veneered alumina or zirconia full-coverage crowns and fixed dental prostheses have high long-term survival rates when 
inserted with conventional cements. However, most of the selected studies recommend resin bonding and suggest even greater success 
with composite resins or self-adhesive resin cements, especially for implant-supported restorations. High-strength ceramic resin-bonded 
fixed dental prostheses have high long-term clinical success rates, especially when designed as a cantilever with only 1 retainer. Proper 
pretreatment of the bonding surfaces and application of primers or composite resins that contain special adhesive monomers are 
necessary. To date, there are no clinical long-term data on resin bonding of partial-coverage high-strength ceramic or monolithic zirconia 
restorations.
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performance are critical in the development and understanding 
of more current high-strength ceramics.

Therefore, this article reviews and critically discusses the 
clinical evidence on resin bonding as it relates to long-term 
success of high-strength ceramic restorations.

High-Strength Dental Ceramics
When categorized by microstructure, “high-strength dental 
ceramics” include the following non-glass-based ceramic sys-
tems: crystalline-based systems with glass fillers (e.g., glass-
infiltrated alumina) and polycrystalline solids (e.g., alumina 
and zirconia). Glass-infiltrated alumina (In-Ceram Alumina; 
Vita Zahnfabrik) became popular in the mid-1990s and incor-
porates a dry-sintered alumina core, which is infused with mol-
ten glass (Paul et al. 1995). With a flexural strength of 450 
MPa, it is indicated for full-coverage crowns and short-span 
fixed dental prostheses (FDPs). Feldspathic porcelain can be 
applied as a veneer to improve esthetics (Giordano et al. 1995). 
The slightly weaker glass-infiltrated spinel ceramic (In-Ceram 
Spinell; Vita Zahnfabrik) offered better optical properties (Paul 
et al. 1995) with high clinical success (Fradeani et al. 2002).

Densely sintered high-purity aluminum-oxide (>99.9%) 
ceramic (Procera Alumina; Nobel Biocare) was developed 
around the same time but is fabricated by a CAD/CAM-
process. With a flexural strength of 610 MP, it does not contain 
any silica (Odén et al. 1998). Densely sintered alumina single-
crown cores and multiunit frameworks must be veneered with 
feldspathic ceramics.

In the meantime, alumina has been largely replaced by zirco-
nium-dioxide ceramics (zirconia, yttria-stabilized tetragonal 
zirconia polycrystal, Y-TZP) in clinics (Sadan et al. 2005a, 
2005b). Conventional zirconia is indicated as a core and frame-
work material for full-coverage crowns (Blatz 2002), resin-
bonded FDPs (RBFDP) and conventional FDPs (McLaren 
1998), implant abutments (Yildirim et al. 2000), endodontic 
posts (Koutayas and Kern 1999), tooth- and implant-supported 
frameworks, overdenture bars, FDPs, and full-mouth recon-
structions (Kern 2005). Zirconia has a monoclinic crystal struc-
ture at room temperature and a tetragonal and cubic structure at 
increasing temperatures. Formulations used in dentistry contain 
mainly tetragonal crystals that are partially stabilized with 
yttrium oxide (Y

2
O

3
) and have a flexural strength of 900 to 

1,400 MPa, a modulus of elasticity of 210 GPa, and a fracture 
toughness of 10 MPa/m0.5. Properties termed active crack 
resistance or transformation toughening (Guazzato et al. 2004) 
are unique to this material: external stresses and cracks cause 
transformation of the tetragonal particle into a monoclinic one 
with greater volume (approximately 3% to 5%), subjecting a 
crack under compressive stresses and impeding its growth. 
However, the actual effects of this phase transformation on ulti-
mate strength and its role in an accelerated aging process (low-
temperature surface degradation) are discussed controversially.

Restorations are typically milled from green-stage or presin-
tered (white-stage) zirconia blocks before full sintering. Only 
very few CAD/CAM systems mill from fully sintered blocks, 
which have a significantly higher hardness and flexural strength, 

making the milling process time-consuming and taxing on the 
milling equipment. First-generation conventional zirconia cop-
ings and frameworks are veneered with feldspathic ceramic 
(porcelain-fused-to-zirconia, PFZ) for esthetic reasons since 
they are rather opaque and monochromatic white. Early studies 
indicate a high incidence of veneer fractures and chippings 
(Sailer et al. 2006; Sailer et al. 2007). The development of 
veneering ceramics that better matched the thermal (coefficient 
of thermal expansion [CTE]) and physical properties of zirconia 
as well as firing and cooling protocols to control internal thermal 
stresses significantly increased reliability of PFZ restorations 
(Ozer et al. 2014). More recent investigations show long-term 
success rates of PFZ crowns that are not different from metal-
ceramics (Takeichi et al. 2013; Ozer et al. 2014). Nevertheless, 
concerns about possible veneering ceramic fractures made 
monolithic full-contour restorations the predominant all-ceramic 
choice. A fully digital CAD/CAM process has made full-contour 
zirconia (FCZ) restoration fabrication highly predictable and 
cost-effective. Second-generation zirconia materials have a higher 
translucency and slightly lower flexural strength than conven-
tional zirconia. A customized, tooth-like appearance is created 
through infiltration of liquid dyes in a green or presintered stage 
and firing of stains and glazes after sintering. Some manufactur-
ers offer preshaded and even multilayer zirconia blanks that 
mimic natural tooth appearance and can be further customized.

The latest generation of zirconia features significantly 
greater light transmission with optical properties suitable even 
for anterior teeth. The higher translucency is achieved by slight 
changes of the Y

2
O

3
 content (5 mol-% or more instead of 3 

mol-%), resulting in a higher amount of cubic-phase particles 
(Zhang 2014; Zhang et al. 2016). However, the flexural 
strength (between 550 and 800 MPa) is significantly lower 
than that of conventional zirconia but still considerably higher 
than any silica-based ceramic. Some clinicians have begun 
using FCZ for resin-bonded partial-coverage inlays/onlays and 
laminate veneers (Ma et al. 2013).

Ceramic Resin Bonding
Characteristic physical properties and inherent brittleness of 
ceramic restorations make handling and cementation critical 
for their clinical success (Burke et al. 2002). Low- to medium-
strength silica-based ceramics rely on resin bonding for rein-
forcement and support, especially for minimally invasive 
restorations and preparation designs that provide little reten-
tion (Blatz 2002). Acid etching with hydrofluoric acid and 
silane coupling agent application provide very high bond 
strengths to silica-based ceramic. Conventional shear and ten-
sile bond strength tests typically cause cohesive fractures in the 
ceramic, meaning that bond strengths may even exceed the ten-
sile strength of the ceramic (Blatz et al. 2004).

Adhesive bonding with composite resins requires multiple 
steps to prepare the bonding surfaces of the tooth and the res-
toration. As these are time-consuming, technique sensitive, and 
susceptible to contamination, clinicians widely prefer conven-
tional cementation with zinc-phosphate, glass ionomer, or 
resin-modified glass ionomer cements. These do not require 
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specific pretreatment steps or application of bonding agents 
but provide little or no adhesion at all. Current self-adhesive 
resin cements offer a compromise: moderate bond strength val-
ues to teeth and indirect dental materials without additional 
primers or bonding agents (Blatz et al. 2010). They are, how-
ever, not sufficient for restorations or materials that rely on 
resin bonding (Blatz et al. 2010).

Acid etchants for silica-based ceramics do not roughen 
metal-oxide ceramic surfaces (Awliya et al. 1998). Air-particle 
abrasion with Al

2
O

3
 is both effective and practical to provide 

long-term durable bond strengths to high-strength ceramics 
(Kern and Thompson 1994). Silica/silane coating (e.g., Rocatec 
or CoJet; 3M ESPE) has also been recommended (Özcan et al. 
2001; Blatz et al. 2007) and includes air-particle abrasion steps 
that form a silica layer and application of a silane-coupling 
agent (Frankenberger et al. 2000).

Conventional silane coupling agents cannot form chemical 
bonds to metal-oxide ceramics (Dérand and Dérand 2000). A 
composite resin cement (e.g., Panavia 21; Kuraray Noritake) 
or ceramic primer (e.g., Clearfil Ceramic Primer; Kuraray 
Noritake) that contains special adhesive monomers is recom-
mended (Wegner and Kern 2000; Blatz, Sadan, Arch, et al. 
2003; Blatz et al. 2016). One such monomer that chemically 
bonds to metal oxides is 10-methacryloyloxydecyl dihydro-
genphosphate (MDP). Auto-polymerizing or dual-polymerizing 
composites are recommended due to the opacity of the ceramic 
(Sadan et al. 2005b).

In vitro studies and systematic reviews are in strong agree-
ment that a combined micromechanical and chemical pretreat-
ment is necessary for long-term durable resin bonds (Blatz  
et al. 2007; Koizumi et al. 2012; Inokoshi et al. 2014; Özcan and 
Bernasconi 2015). Figures 1 to 3 illustrate the effects of ade-
quate surface pretreatment for optimal adhesion to high-strength 

ceramics. Dual-beam focused ion beam (DB FIB) technology 
followed by scanning electron microscopy (SEM) was used to 
visualize the undisturbed bonding interface of a composite 
resin luting agent to zirconia (Fig. 1), without preparation arti-
facts often seen after mechanical sample preparation. Without 
any surface pretreatment, the resin-ceramic interface reveals 
wide-open gaps (Fig. 2). Air-particle abrasion with alumina 
(50 µm to 60 µm at 2 bar for 5 s) and application of an MDP-
containing primer provide an optimized adhesive interface 
(Fig. 3).

Figure 1.  Dual-beam focused ion beam technology followed by 
scanning electron microscopy facilitates visual assessment of the bonding 
interface between a composite resin luting agent (left) and zirconia 
ceramic (right) without preparation artifacts.

Figure 2.  Without any surface pretreatment, the resin-zirconia bonding 
interface reveals wide-open gaps and only limited adhesion (×35,000 
magnification).

Figure 3.  Air-particle abrasion of the zirconia surface with alumina 
particles (50 µm at 2 bar for 5 s) and application of a ceramic 
primer that contains phosphate monomers that chemically bond to 
oxide ceramics provide an optimized adhesive interface (×25,000 
magnification).
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High-strength ceramic full-coverage restorations with ade-
quate thickness and retention offer mechanical strength that 
exceeds natural chewing forces and can, therefore, be cemented 
conventionally (Tinschert et al. 2001; Blatz et al. 2008). Resin 
bonding is recommended in cases of compromised retention, 
adhesive treatment options (e.g., laminate veneers and 
RBFDPs), high dislodging forces, minimal ceramic thickness, 
and low inherent strength (Burke et al. 2002; Blatz, Sadan, and 
Kern 2003; Kern 2005).

Resin-bonding protocols for silica-based ceramics are uni-
versally known and accepted. However, despite its high popu-
larity, most practitioners are still unsure about proper bonding 
techniques and materials for zirconia. Therefore, a simplified 
zirconia-bonding concept that summarizes the 3 critical steps 
of air-particle abrasion, primer application, and composite 
resin luting agents (the “APC Concept”) was recently intro-
duced in the clinical literature (Blatz et al. 2016).

Long-Term Clinical Studies
To ensure a comprehensive overview and limit bias in the 
selection and assessment of the literature, an electronic data-
base search of PubMed and Cochrane Library was conducted 
for English-language clinical studies published between 1990 
and 2016 and pertaining to bonding to high-strength ceramics. 
The MeSH terms zirconium, aluminum oxide, and dental bond-
ing and the free text words zirconium, zirconia, zirconium 
oxide, zirconium dioxide, Y-TZP, aluminum oxide or alumina, 
dental bonding, adhesion, resin bonding or cement, and clini-
cal were used. Clinical studies that met the following criteria 
were included: 1) studies related to resin-bonded alumina and 
zirconia restorations; 2) prospective, retrospective, or random-
ized controlled trials conducted in humans; 3) studies with a 
dropout rate of less than 30%; and 4) long-term studies with a 
follow-up of at least 5 y. The electronic search was comple-
mented by a manual search. All titles obtained were screened 
for additional relevant studies.

The initial search revealed 974 titles. Of the 49 articles selected 
by title and abstract, 8 duplicates were identified. Full-text  

screening was carried out for 41 studies, yielding 16 articles that 
complied with the inclusion criteria (Tables 1 and 2).

Alumina Restorations

The selected long-term studies on the effect of resin bonding 
on clinical performance of alumina restorations evaluated 
glass-infiltrated alumina tooth-supported crowns and RBFDPs 
as well as tooth-and implant-supported densely sintered alu-
mina crowns (Table 1). Studies on multiunit FDPs and partial-
coverage restorations could not be identified.

In a prospective, randomized clinical split-mouth study, 5-y 
success rates of posterior glass-infiltrated alumina crowns 
inserted with 1 of 2 composite resin or glass-ionomer cements 
ranged between 81% and 88% and were not significantly dif-
ferent among cements (Selz et al. 2014).

Sorrentino and coworkers followed anterior and posterior 
densely sintered alumina (Procera Alumina) single crowns on 
natural teeth and implant abutments for 6 y (Sorrentino, 
Galasso, et al. 2012). Cumulative survival and success rates 
were 95.2% and 90.9%, respectively. Resin bonding with a 
composite-resin luting agent revealed slightly better success 
than cementation with zinc-phosphate cement.

A study of densely sintered alumina crowns (Zitzmann et al. 
2007) reported a cumulative survival rate of 100% for anterior 
and 98.8% for posterior crowns after 55 mo, irrespective of 
tooth position or cement type (composite resin or glass- 
ionomer cement).

These studies suggest that all cement types provide high 
success rates for alumina crowns, with a slight advantage of 
resin bonding over zinc-phosphate cement.

A clinical pilot study by Kern and Strub (1998) indicated 
high success rates of glass-infiltrated alumina RBFDPs. Kern 
(2005) then compared the long-term survival of 2-retainer ver-
sus single-retainer all-ceramic RBFDPs. Of 37 anterior In-Ceram 
alumina RBFDPs, 16 were inserted with a conventional 
2-retainer design and 21 with a cantilever single-retainer design. 
Mean observation times were 75.8 and 51.7 mo, respectively. 
None of the restorations debonded. In the 2-retainer group, 1 

Table 1.  Long-Term Clinical Studies on Resin-Bonded Alumina Restorations.

Author (Year) Study Design Restoration Type Restoration Material
No. of Restorations  
and Cement Type

Mean Follow-
up, mo

Cumulative 
Survival Rate, %

Galiatsatos and 
Bergou (2014)

Prospective Two-retainer RBFDP Glass-infiltrated alumina 54 composite resin 96 85.2

Kern (2005) Prospective Two-retainer RBFDP Glass-infiltrated alumina 16 composite resin 75.8 73.9
  Single-retainer RBFDP Glass-infiltrated alumina 21 composite resin 51.7 92.3
Kern and Sasse 

(2011)
Prospective Two-retainer RBFDP Glass-infiltrated alumina 16 composite resin 120.2 73.9

  Single-retainer RBFDP Glass-infiltrated alumina 22 composite resin 111.1 94.4
Selz et al. (2014) Prospective 

randomized  
split-mouth

Tooth-supported crown Glass-infiltrated alumina 59 composite resin A
62 composite resin B

60
60

88.7
82.8

  28 glass ionomer 60 80.1
Sorrentino, Galasso, 

et al. (2012)
Retrospective Tooth- and implant-

supported crown
Densely sintered alumina 109 composite resin 72 98.6

100 zinc phosphate 72 96.7

RBFDP, resin-bonded fixed dental prosthesis.
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restoration fractured after 3 mo at both connectors and 1 restora-
tion was lost in an accident. Also, four 2-retainer RBFDPs frac-
tured within 15 mo after insertion at 1 connector. However, the 
pontics remained in situ as a cantilever RBFDP for several years. 
In the single-retainer group, only 1 FDP fractured and was lost 
48 mo after insertion. The 5-y survival rate was 73.9% in the 
2-retainer and 92.3% in the single-retainer group. After 10 y, the 
2-retainer RBFDPs had a survival rate of 73.9% and single-
retainer ones of 94.4% (Kern and Sasse 2011). MDP-containing 
composite-resin luting agents were used after either silica coat-
ing and silanization or air-particle abrasion with alumina only.

These studies indicate that single-retainer cantilever all-
ceramic RBFDPs perform significantly better than 2-retainer 
RBFDPs in the anterior region.

Galiatsatos and Bergou (2014) reported an 85.18% survival 
rate of 54 anterior alumina RBFDPs with a 2-retainer design 
after 8 y. These restorations rely on strong adhesive resin bonds 
since there is no mechanical retention. Given the clinical sim-
plicity and minimally invasive nature of this treatment option, 
the very high success rates are impressive and make this a 
viable alternative to implant-supported, full-coverage fixed, or 
removable prostheses in select cases (Saker et al. 2014). 
Failures can be easily rebonded, repaired, replaced, or fol-
lowed by more invasive treatment if needed.

Zirconia Restorations

Studies identified for resin-bonded zirconia-based restorations 
included tooth-supported conventional and resin-bonded as 
well as implant-supported FDPs (Table 2).

In a retrospective practice-based study of 143 mostly poste-
rior zirconia crowns followed up for 5 y, 126 did not reveal any 
complications, indicating a cumulative survival rate of 88.8% 
(Ortorp et al. 2012). Crown loosening occurred in 12.5% of 
crowns cemented with zinc-phosphate and in only 6.6% of 
crowns inserted with self-adhesive resin cement.

Twenty anterior maxillary crowns with customized copings 
luted with self-adhesive resin cement revealed no coping frac-
tures or loss of retention after 5 y (100% survival), excluding 
minor veneer chippings (Dogan et al. 2017).

A short-term study of PFZ crowns in predoctoral dental 
education clinics and inserted with self-adhesive resin cement 
showed a survival rate of 89% after 46.6 mo (Näpänkangas  
et al. 2015).

According to these studies, self-adhesive resin cements are 
adequate for PFZ crowns. Zinc-phosphate cement seems less 
suitable.

No clinical studies were found on monolithic FCZ crowns. 
Since conventional zirconia core and full-contour materials are 
similar, the differences should be minor. However, the effects 
of resin bonding on clinical outcomes may be quite different 
with high-translucent FCZ materials, which have a signifi-
cantly lower flexural strength. Here, minimal material thick-
ness requirements and reinforcement through resin bonding 
may be critical to prevent fractures and ensure long-term clini-
cal success, but clinical studies are missing.

The first long-term study on tooth-supported posterior PFZ 
FDPs revealed a success rate of zirconia frameworks of 97.8% 
after 5 y (Sailer et al. 2007). However, overall survival rate of 
zirconia FDPs, fabricated with a prototype CAD/CAM sys-
tem, was only 73.9%. Most prevalent complications were 
marginal caries and veneer porcelain chipping. Fourteen FDPs 
were resin bonded with Variolink (Ivoclar Vivadent) and 20 
with Panavia TC. Overall survival and the occurrence of mar-
ginal discrepancies were not different between the 2 resin 
cements.

Ten-year clinical outcomes of the same patient population 
revealed an overall FDP survival rate of only 67%, due to tech-
nical and biological complications (Sax et al. 2011). Survival 
rate for zirconia frameworks was 91.5%. The authors attrib-
uted the most common adverse effects, chipping and marginal 
deficiencies, to the prototype status of the CAD/CAM system.

Table 2.  Long-Term Clinical Studies on Resin-Bonded Zirconia Restorations.

Author (Year) Study Design Restoration Type
Restoration 

Material
Restoration Numbers 

and Cement Type
Mean Follow-

up, mo
Cumulative Survival 

Rate, %

Burke et al. (2013) Observational FDP Zirconia 33 self-adhesive resin 60 97
Dogan et al. (2017) Prospective Crown Zirconia 20 self-adhesive resin 58.7 100
Chaar and Kern (2015) Prospective IRFDP Zirconia 30 composite resin 64.4 95.8
Larsson and Von Steyern (2013) Pilot Complete-arch FDP Zirconia 9 composite resin 96 100
Molin and Karlsson (2008) Prospective FDP Zirconia 19 composite resin 60 100
Ortorp et al. (2012) Retrospective Tooth-supported 

crown
Zirconia 143

zinc phosphate cement
self-adhesive resin

60 88.8
12.5% debonded
6.6% debonded

Sailer et al. (2007) Prospective FDP Zirconia 33 composite resins 53.4 73.9
Sasse and Kern (2013) Prospective Single-retainer 

RBFDP
Zirconia 30 composite resin 64.2 100

Sasse and Kern (2014) Prospective Single-retainer 
RBFDP

Zirconia 42 composite resin 61.8 100

Sax et al. (2011) Prospective FDP Zirconia 57 composite resin 128.4 67 (FDP)
91.5 (framework)

Sorrentino, De Simone,  
  et al. (2012)

Prospective FDP Zirconia 48 self-adhesive resin 60 100

FDP, fixed dental prosthesis; IRFDP, inlay-retained fixed dental prosthesis; RBFDP, resin-bonded fixed dental prosthesis.
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Zirconia-based 3-unit premolar and molar FDPs with ana-
tomically designed frameworks were more promising, with a 
100% survival rate after 5 y (Molin and Karlsson 2008). One 
complication was registered at the 1-y follow-up due to loss of 
retention and despite being bonded with composite resin. The 
FDP was recemented with the same material, and no further 
complications were registered. None of the restorations 
revealed chipping of the veneering ceramic at 5-y follow-up.

Similarly, Sorrentino and coworkers reported 100% cumu-
lative survival of 3-unit PFZ FDPs after 5 y (Sorrentino, De 
Simone, et al. 2012). Cumulative success rates for patients 
having 1 and 2 FDPs were 91.9% and 95.4%, respectively. All 
restorations were luted with a universal self-adhesive resin 
cement without any retention loss. Minor porcelain chipping 
was detected in 3 restorations.

A 5-y clinical evaluation of zirconia-based FDPs (Lava; 3M 
ESPE) in patients in UK general dental practices revealed 97% 
success (Burke et al. 2013). All zirconia frameworks were 
intact and without debondings after insertion with self- 
adhesive resin cement.

In early studies, PFZ FDPs showed a relatively high inci-
dence of chippings in the veneering ceramic. More supportive 
framework designs, proper selection of veneering ceramics, 
and slow cooling after porcelain layering significantly dimin-
ished the prevalence of such failures (Ozer et al. 2014).

For these types of full-coverage restorations with a prepara-
tion design that features at least some mechanical retention, 
self-adhesive resin cements provide high clinical success rates.

Several studies have reviewed clinical success of zirconia 
RBFDPs (Kern 2015) and the influence of different framework 
designs (Wei et al. 2016).

Sasse and Kern published 2 studies on single-retainer  
zirconia-based RBFDPs (Sasse and Kern 2013; Sasse and Kern 
2014). In the first study, anterior zirconia RBFDPs were adhe-
sively bonded with either MDP-containing composite resin 
cement (Panavia 21; n = 16) or an adhesive bonding system 
with a phosphoric acid acrylate primer (Multilink-Automix 
with Metal-Zirconia Primer; Ivoclar Vivadent; n = 14). After 
64.2 mo, 1 debonding occurred in each cement group. Both 
RBFDPs were rebonded successfully, providing 100% survival 
rates at 5 y.

In the other study, 42 zirconia RBFDPs with a cantilever 
single-retainer design were inserted with Panavia 21 TC after 
alumina air-particle abrasion (Sasse and Kern 2014). Two 
RBFDPs debonded during the 61.8-mo observation but were 
successfully rebonded. Six-year success rate was 91.1%.

Anterior single-retainer zirconia RBFDPs have excellent 
clinical survival rates when adhesively bonded with the proper 
protocols and materials (Koizumi et al. 2012; Inokoshi et al. 
2014; Özcan and Bernasconi 2015).

To replace posterior teeth with minimal abutment tooth 
preparations, Chaar and Kern (2015) followed 30 three-unit 
zirconia inlay-retained FDPs (IRFDPs) over 64.4 mo. The res-
torations, bonded with an adhesive composite resin after air-
particle abrasion, had a survival rate of 95.8%. The authors 
concluded that, depending on proper case selection, IRFDPs 

may be a reliable treatment option to replace posterior single 
teeth (Chaar and Kern 2015).

A short-term study on posterior zirconia all-ceramic 
IRFDPs showed far less promising results, with a high inci-
dence of technical complications, independent of type of resin 
cement (Ohlmann et al. 2008).

Kolgeci and coworkers followed implant-supported zirconia-
based prostheses for up to 7 y (Kolgeci et al. 2014). Twenty-
five of 193 crowns and short-span FDPs were resin bonded 
onto the zirconia abutments with composite resin (Panavia F). 
The overall cumulative survival rate was 96.4%. Three pros-
theses needed to be recemented.

Full-arch implant-supported zirconia-based frameworks 
and reconstructions have become very popular. Clinical stud-
ies, however, are scarce. A clinical pilot study assessed 8-y per-
formance of 10 full-arch zirconia-based mandibular FDPs, 
each supported by 4 implants (Larsson and Von Steyern 2013). 
The FDPs were resin bonded to individually prepared titanium 
abutments with resin composite (Panavia F 2.0). Success rate 
was 100%, and none of the restorations debonded.

In a short-term study, Pozzi and coworkers reported 100% 
survival of full-arch implant FDPs with lithium disilicate 
crowns bonded to CAD/CAM zirconia frameworks after 49.3 mo 
(Pozzi et al. 2015).

Consequently, resin bonding does not only play a role in 
tooth-supported and short-span restorations but, in fact, may be 
critical for the long-term success of implant-supported high-
strength ceramic reconstructions. The same ceramic bonding 
protocols applied in clinics are carried out in the dental labora-
tory, where, especially for implant reconstructions, the combi-
nation of different ceramics and materials offers a plethora of 
new prosthetic options.

Limited esthetic properties restricted most alumina and zir-
conia ceramics to cores and frameworks. Except for early 
glass-infiltrated alumina formulations, it took until high- 
translucent FCZ became available that high-strength ceramics 
could also be used for partial-coverage laminate veneers and 
inlays/onlays. No clinical studies could be found on partial-
coverage high-strength ceramic restorations.

Summary and Outlook
High-strength ceramic restorations are used in clinics in a vari-
ety of indications. Despite high success rates, alumina-based 
restorations were, over the years, largely replaced by zirconia. 
While in vitro studies indicate a significant increase in flexural 
strength of high-strength ceramic restorations after resin bond-
ing (Blatz et al. 2008), the evidence on the exact influence of 
the cementation medium on clinical performance is limited. 
For full-coverage high-strength ceramic crowns and FDPs and 
based on the specific clinical situation, the clinician can choose 
between resin bonding with composite resins, insertion with a 
self-adhesive resins, or conventional cementation with zinc-
phosphate, glass ionomer, or resin-modified glass ionomer 
cement. Zinc-phosphate cement was, in the few studies that 
evaluated it, not as successful, while self-adhesive resin 
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appeared to be the most common. For restoration types that 
rely on adhesion, however, composite resins and adequate 
resin-bonding pretreatment steps are critical and not optional. 
With the increasing popularity of high-strength ceramics, there 
is a strong need to further evaluate the correlation between 
cement and clinical success. We could not find any long-term 
clinical studies on monolithic FCZ crowns or partial-coverage 
restorations. The differences between first- and second-gener-
ation zirconia materials are minor, and clinical recommenda-
tions as well as suggested bonding protocols should not differ 
substantially. However, the latest generation of high-translu-
cent, more cubic zirconia has significantly different properties 
and lower flexural strength. There seems to be a lack of under-
standing of how these properties affect clinical outcomes. 
Following manufacturers’ minimal thickness recommenda-
tions and proper cementation or resin bonding protocols are 
critical in strengthening high-translucent FCZ and to prevent 
failures. This is especially important for minimal-invasive  
partial-coverage restorations, which are becoming increasingly 
popular in practice, even with zirconia and despite the com-
plete lack of in vivo scientific support.

Conclusions
Clinical long-term studies indicate that porcelain-veneered 
alumina or zirconia full-coverage crowns and fixed dental 
prostheses have high survival rates when inserted with conven-
tional cements. However, most of the selected studies recom-
mend resin bonding and suggest even greater success with 
composite resins or self-adhesive resin cements, especially for 
implant-supported restorations. High-strength ceramic RBFDPs 
have high long-term clinical success rates, especially when 
designed as a cantilever with only 1 retainer. Proper pretreat-
ment of the bonding surfaces and application of primers or 
composite resins that contain special adhesive monomers are 
necessary. To date, there are no clinical long-term data on resin 
bonding of partial-coverage high-strength ceramic or mono-
lithic zirconia restorations.
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