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Abstract: Statement of problem. The application of new materials and techniques creates a tremendous need
for appropriate clinical guidelines. There is a lack of evidence based clinical study concerning the use of
CAD/CAM fabricated aluminum oxide core crowns and veneers.

Purpose. The purpose of the study was to evaluate the clinical performance and predictability of CAD/CAM
fabricated aluminum oxide core crowns and veneers after an observation period of one to four years.

Material and methods. The study was performed as a retrospective clinical evaluation of all consecutively
treated patients treated from January 1, 2004 through June 30, 2007 who provided consent to be included in
this assessment. Complications of the crowns and veneers were divided the into four categories: Minor
complications (MC), Loosening (L), Veneer fracture (VF) and Failure (F). Survival rate of the restorations were
estimated by using Kaplan-Meier statistical analysis.

Results. A total of 603 alumina core crowns were placed in 350 patients while 166 alumina core veneers were
placed in 53 patients. All restorations were fabricated for premolar, canine or incisor teeth; none of the crowns
were used on molar teeth. For the crowns the 4-year cumulative failure rate was 2.79%. By contrast the
alumina veneer core veneers demonstrated cumulative failure at 4 years of 23.05%.

Conclusion. Based upon this retrospective study of 603 Ceramic crowns and 166 ceramic veneers with a
minimum of 12 months and a maximum of 48 months both of which used a high-strength alumina core it
appears that the clinical performance of the ceramic crowns (97.1% survival probability) at up to 4 years is far
superior to that of the ceramic veneer (63.6% survival probability).

I.  Introduction
Metal ceramic crowns, although predictable relative to clinical performance(1) are thought to be
technically difficult/unforgiving when truly aesthetic restorations are necessary(2,3). One approach that has
been suggested to address the complexity of use of metal ceramic crowns is to utilize crowns that have no metal
substructure and instead use a metallic oxide, ceramic core with a veneer of aesthetic porcelain. The so-called
ceramic crown was thereby created (4-6).

During this same time period there was recognition that ceramic crowns required the reduction of much
tooth structure to allow sufficient bulk of ceramic material to provide strength and sufficient aesthetics to the
crown(7). This led to the advent of bonded porcelain laminate veneers as these restorations utilized no
traditional metal substructure, created less metameric effects and gained strength from the underlying bond to
enamel.(8)Porcelain laminate veneers were initially introduced using feldspathic porcelain, a material that
exhibits only moderate material strength. The inherent weakness of this material was thought to be responsible
for the complication of porcelain chipping or, more importantly, fracture of the entire restoration.(9)

Other ceramic materials, namely materials that are fabricated from leucite reinforced ceramic, aluminum
oxide, lithium disilicate or zirconia, exhibit more favorable material strength properties(10-13). Although these
materials generally require a veneering porcelain, manufacturers have suggested that the inherent strength of the
core material may be sufficient to compensate for the weakness of the veneer. Consequently these materials
have been promoted for use as the core material for porcelain laminate veneers and for ceramic crowns(14-16).
Aluminum oxide core ceramic crown appeared to function well regardless of the specific technique that was
used to cement or lute the restorations(17-21).

When using the materials, the clinician is cautioned to carefully follow the guidelines provided by the
material manufacturers. It is thought that careful attention to detail will lead to clinical success. Furthermore, the
application of new materials and techniques creates a tremendous need for appropriate clinical guidelines(22-
24). The purpose of this study was to evaluate the clinical performance of CAD/CAM generated aluminum
oxide core crowns and veneers over a time frame of up to four years.
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Il.  Material And Methods

The study was performed as a retrospective clinical evaluation of all consecutively treated patients
treated from January 1, 2004 through June 30, 2007 who provided consent to be included in this assessment.
Data analysis was performed after June 30, 2008 to ensure that all included restorations were in function for a
minimum of 12 months. Alumina core crowns (Nobel Biocare AB, Géteborg, Sweden) or aluminous oxide core
veneers (Nobel Biocare AB, Goteborg, Sweden) were used in all patients.

The restorations were fabricated according to manufacturer recommendations. The core materials for the
full crowns were either 0.4 or 0.6 mm. Ceramic crowns were luted using glass ionomer, resin reinforced glass
ionomer RelyX Luting Plus Cement (3M ESPE) or resin self-adhesive luting agents RelyXUnicem (3M ESPE).
The veneers all utilized a 0.25 mm core and all veneers were bonded using light cured bonding materials Adper
Single Bond 2 (3M ESPE) and self-adhesive luting agents RelyXUnicem (3M ESPE). Restorations were placed
on premolar, cuspid and incisor teeth; no restorations were placed on molars. All restorations were evaluated
annually to determine the presence or absence of any complications. Complications of the crowns and veneers
were divided into four categories:

Minor complications (MC): chipping of the restoration that resulted in a need for smoothing and polishing but
not replacement of the restoration. Loosening (L): Failure of the bond with no damage to the restoration. The
restoration can thereby be replaced without re-fabrication. Veneer fracture (VF): Veneer Fracture with the
possibility of re- cementation of the fragments

Failure (F): Complete failure of the restoration requiring re-fabrication.

Scanning electron microscopy was utilized to assess the micro-roughness of the intaglio surface of a
representative veneer. This was compared with feldspathic veneer restorations at the same magnification (500X)

Survival rate of the restorations were estimated by using Kaplan-Meier statistical analysis. This
statistical methodology allowed time-dependent assessment of the clinical performance of the two types of
restorations.

I11.  Results

A total of 603 alumina core crowns were placed in 350 patients while 166 alumina core veneers were
placed in 53 patients. All restorations were fabricated for premolar, cuspid or incisor teeth; none of the crowns
were used on molar teeth.

For the ceramic crowns the four-year cumulative failure rate was 2.79% while the number of crowns
that loosened at four years was 1.91% and the number of crowns experiencing minor complications was 8.69%.
There were no bilayered alumina crowns that exhibited veneer fracture that could be managed with re-
cementation of the veneers. (Tables I-111) Kaplan-Meier survival analysis demonstrated a 97.1% probability of
ceramic crown survival to year 4 (Figure 1).

By contrast the alumina veneer core veneers demonstrated cumulative failure at four years of 23.05%.
The complications that required clinical intervention: veneer fracture, veneer dislodgment and minor chipping
occurred at cumulative rates of 7.92%, 5.83% and 3.20% respectively. (Table IV-VII) The Kaplan-Meier
survival analysis demonstrated a 64% probability that the aluminum oxide veneer would survive to year
4(Figure 1).

Scanning electron microscopic images of the alumina veneers demonstrated less microroughening than
that seen with feldspathic veneers. This was a visual assessment only but was made at the same magnification
(X500) for both materials.(Figure 2,3)

IV.  Discussion

The alumina core restoration allows clinicians to fabricate ceramic restorations which are often
described as providing clinical benefits relative to the fabrication of aesthetic restorations. Although restorations
may provide esthetic benefits these benefits are of little value if the restorations themselves are not reliable.

In this retrospective study a relatively high probability of survival to four years of function was
demonstrated with alumina core ceramic crown restorations. These restorations appeared to function well
regardless of the specific technique that was used to cement or lute the restorations(20,21,22). These results
were in distinct contrast to the large number of absolute failures that were observed with the alumina core
ceramic veneers even though the veneers were bonded using recommendations provided by the manufacturer.

Traditional techniques utilized to secure porcelain veneers to the underlying tooth structure utilizing
bonding technology whereby micromechanical etching of the enamel is performed and then composite bonding
is utilized to secure the etched and silanated veneer to the enamel(23,24). Assessment of the surface of the
alumina core at high magnification (X500) (figure 4) fails to demonstrate roughness that is similar to that seen
with etched feldspathic porcelain. 1t may be postulated that the relative lack of micro-roughing up the aluminum
oxide core may be responsible, in part, for the high failure rate experienced in this study.
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Minor chipping of the ceramic crowns occurred at a higher rate than that observed with the ceramic
veneers. In contrast the rate of restoration dislodgment was appreciably higher for the veneers than it was for
crowns. Considering all this information it may be possible to suggest that the relative security of the ceramic
crown may result in higher force application to the crowns which then leads to minor damage to the ceramic
material in clinical function.

V.  Conclusion
Based upon this retrospective study of 603 ceramic crowns and 166 ceramic veneers with a minimum
of 12 months and a maximum of 48 months both of which utilized a high-strength alumina core, it appears that
the clinical performance of the ceramic crowns (97.1% survival probability) at up to four years is far superior to
that of the ceramic veneer (63.6% survival probability).
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Table I.
Crowns
% % cumulative
First year 1.33 1.33
Second year 3.63
Third year 3.16
Fourth year 0.58
Table II.
Crowns
% % cumulative
First year 0.50 0.50
Second year 0.00
Third year 1.13
Fourth year 0.29 191
Table I1I.
Crowns
% % cumulative
First year 0.17 0.17
Second year 0.52
Third year 0.68
Fourth year 0.58 2.79
Table IV.
Veneers
% % cumulative
First year 0.60 0.60
Second year 2.60
Third year 0.00
Fourth year 0.00 3.20
Table V.
Veneers
% % cumulative
First year 0.60
Second year 1.30
Third year 1.55
Fourth year 2.38 5.83
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Table VI
Veneers
VF % % cumulative
First year 0.00 0.00
Second year 0.00 0.00
Third year 0.78 _
Fourth year 7.14 7.92
Table VII.
Veneers
F % % cumulative
First year 6.02 6.02
Second year 2.60 8.62
Third year 10.85 _
Fourth year 3.57 23.05

Fig. 1. Graph showing probability of aluminium oxide crown and the aluminum oxide veneer survival to year 4
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Fig. 2. Scanning electron microscope i 500 x magnification) of the alumina veneers.
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Fig. 3. Scanning electron microscope image (500 x magnification) of the feldspathic veneers.

Fig. 4. Scanning electron microscope image (500 x magnification) of the alumina core.
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