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With so many materials to choose,  
what is the best choice for a single crown?
Ronald Klausz, RDT

Fixed restorations have come a long way since the 
early days of cast gold restorations with pyroplast 
(acrylic) facings. New materials are being devel-

oped, techniques simplified, making these advances 
more economical and user friendly for the dental 
profession. Beautiful, life-like reproductions of teeth 
can be created with a variety of different materials 
such as porcelain fused to metal, lithium disilicate 
glass-ceramic, polymer glass, porcelain layered onto 
zirconia, and full contour zirconia (Fig. 1). As well, 
crowns can be cemented, bonded to natural teeth, 
and bonded to implant restorations.

Dental manufacturers have spent millions of dollars 
in the hopes of persuading you and I that their restor-
ative materials will look and function better than their 
competitors. There are a number of material options to 
choose from that will create the right shape, shade and 
texture and also withstand the stress of the oral envi-
ronment. Understanding the benefits and limitations to 
these materials will ensure the correct material is pre-
scribed for each patient’s unique clinical situation.

PORCELAIN FUSED TO METAL

Porcelain fused to metal (PFM) restorations has 
long been the standard in fixed crown and bridge 
restorations (Fig. 2). Abraham Weinstein developed 
PFMs in the 1950s as a replacement for high gold 
alloys with acrylic facings. These newer materials, 
fraught with design and thermal expansion chal-
lenges, were prone to chipping and cracking. The 
firing of the metal substructure produces the dark 
oxides integral to bonding porcelain to metal. The 
necessity to opaque out these dark oxides resulted in 
PFMs lacking the deep translucency found in most 
natural teeth.1

Over several decades, these materials improved 
immensely. Smaller glass particle sizes in newer 
porcelains gave it a smoother finish, which proved 
less abrasive to the opposing dentition. The range of 
shades widened for improved aesthetics. Finally, our 
ability to reliably bond porcelain to a greater variety 
of dental alloy combinations was instrumental in 

PFM becoming the standard for all other materials 
to meet and exceed.

LITHIUM DISILICATE GLASS-CERAMIC

High leucite-containing ceramics commercially known 
as Empress 1 (Ivoclar Vivadent AG) were introduced 
in the late 1980s and were the first pressable ceramic 
materials. Building on its success, the latest version of 
these lithium disilicate glass-ceramic materials is famil-
iarly known as IPS e.Max (Fig. 3). These restorations 
are first formed in wax and a heated lithium disilicate 
glass-ceramic ingot is pressed into the mould using a 
specially designed pressing furnace. Today these mate-
rials are also available in versions for milled applications. 
IPS e.Max Press provides the fit, form, and function 
of a pressed ceramic with maximum aesthetic charac-
teristics, and exceptional flexural strength at over 400 
MPa. Due to their high strength, these restorations can 
be conventionally cemented if the preparation is greater 
than or equal to 4 mm in height. Alternatively, due to 
their glass content, they can be adhesively bonded after 
etching their internal surfaces with hydrofluoric acid 
gel. This provides maximum flexibility to address in-
dividual clinical requirements.2

IPS e.Max Press ingots are available in varying de-
grees of translucency for maximum versatility (Fig. 
4). Ingots come in the High Translucency (HT), cre-
ated for inlays, onlays and veneers; Low Translucency 
(LT), which is ideal for creating one-step fully ana-
tomical restorations; Medium Opacity (MO), intend-
ed for devitalized, slightly discolored preparations; 
and High Opacity (HO), for preparations that are 
non-vital and severely discolored. The LT ingots are 
available in the nine most popular Vita A-D shades as 
well as four contemporary bleach shades.2

IPS e.Max restorations are available in two forms. 
One can choose full contour that provides high 
strength and beautiful aesthetics as an alternative to 
zirconia and porcelain fused to precious metal res-
torations. For more demanding cases, restorations 
can be fabricated utilizing the cut-back and build-
up technique. Final veneering with IPS e.Max  
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1. The same crown made with a variety of different materials.  2. Porcelain Fused to Metal Restoration.  3. IPS e.Max Lithium Disilicate Glass  
Ceramic Restoration.  4. IPS e.Max ingots in a variety of shades and translucencies.  5. Premise Indirect Polymer Reinforced Glass Restoration.  
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Ceram (Ivoclar Vivadent AG), a proprietary 
nano-fluorapatite layering ceramic, offers 
more translucency for greater aesthetics.2 
As this layering porcelain fuses to the lith-
ium disilicate core when fired, the chances 
of separation due to parafunction are lim-
ited. Aesthetics, high flexural strength, 
tremendous reduction in wear to the  
opposing dentition that’s even kinder than 
that to natural enamel, and over 15 years of 
clinical data, make lithium disilicate glass-
ceramic restorations a very reliable addition 
to our restorative dentistry arsenal.3

POLYMER REINFORCED GLASS

Polymer Glass Restorative materials, al-
though not as popular today, are still a 
material available for fixed restorations. 

These hybrid materials are a combination 
of glass particles (78% porcelain filler) sus-
pended in a composite matrix. Originally 
introduced as belleGlass HP and later 
rebranded as Premise Indirect (KavoKerr 
Corporation–USA), it is a laboratory-pro-
cessed composite restorative material that 
closely resembles tooth structure in wear 
and thermal conductivity (Fig. 5).

Polymer reinforced glass is a mixture 
of aliphatic and urethane dimethacrylate 
resins with the smallest, most uniform 
glass crystals whose particle size averages 
between 3 to 4 microns. It is the only poly-
mer glass material that is processed in a 
high heat environment (about 293 degrees 
Fahrenheit) that releases more free radi-
cals, resulting in a more complete cure (ap-

proximately 98% compared to 60%-70% 
from light curing alone). Processing under 
high pressure (2 atm or 28 psi) eliminates 
voids in the material, while processing in 
a nitrogen dry atmosphere eliminates the 
oxygen-inhibited layer. Together, the re-
sult is a complete conversion of the surface 
area. Cooling to room temperature results 
in a much harder, stronger, and durable 
dental restoration with a higher compres-
sive strength, when compared to typical 
chair-side, light-cured composites. With 
a coefficient of thermal expansion close-
ly resembling that of natural teeth, this  
material is less prone to marginal leakage.4

The advantages of this lab-processed 
micro-hybrid include excellent surface 
finish longevity, high strength, low water 
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absorption, excellent colour stability, and 
very low wear (in-vivo) less then 10 mi-
crons per year (an annual wear rate equal 
or slightly less than natural enamel). Some 
of the advantages over ceramic restora-
tions are simpler fabrication techniques, 
margins when finished are impeccable, 
restorations may be adjusted, modified, re-
finished, and repaired chair side, restora-
tions and luting cements are the same type 
of material, and, in addition, this type of 
restoration is kinder to opposing teeth.

For additional strength, these restora-
tions can be reinforced with Construct 
Fibers (KavoKerr Corp–USA). This 
ultra-high strength (tensile strength-
3,000MPa, modulus-172GPa), braided 
weave (two over/two under 50*50 picks/
in), polyethylene fiber is cold-gas plas-
ma treated, and is near invisible when 
embedded in the resin material (Fig. 6).

ZIRCONIA

For decades, PFM has set the standard 
for strength, durability, and marginal fit. 
With the introduction of milled Zirco-
nia, enhanced aesthetics is now an inher-
ent feature.

Zirconia is the dioxide form of the 
metallic element Zirconium, a member 
of the titanium family. Zirconia comes 
in pre-sintered form. Using Computer 
Aided Design (CAD), we can now virtu-

ally design copings, bridge frameworks, 
and full anatomical crowns. Then, using 
Computer Aided Milling (CAM), we 
can mill the pre-sintered zirconia into 
the shapes of crowns and/or bridges at 
125% size. Once sintered in a furnace, 
Zirconia shrinks to the exact 100% size.5

Zirconia can be used in two different 
ways: It can be made more aesthetically 
pleasing by bonding porcelain to the 
Zirconia, or it can be used in its mono-
lithic form as a Full Contour Zirconia, 
which is stronger and less likely to chip 
or fracture.6

PORCELAIN LAYERED ONTO ZIRCONIA

Porcelain layered onto milled zirconia 
crowns are suitable for both anterior 
and posterior applications (Fig. 7). In 
the beginning, like any new material, 
there were obstacles to overcome. In the 
early 2000s, in 8% of the cases, the lay-
ering porcelain debonded or chipped. 
That was an unacceptably high percent-
age. However, with improved control 
of heating and cooling cycles, stronger 
adherence to correct framework design 
for porcelain support, and an improved 
ceramic layering system, chipping and 
debonding issues have been reduced to 
almost the same percentage as that of 
other materials, including PFM.7

The milled Zirconia copings are tinted 

to match the shade of the final restora-
tion. As well, the frames are thin and 
translucent which ensure a natural ap-
pearance. They can also be milled using 
a more opaque Zirconia material. This 
opacity is most beneficial in masking out 
dark colours, such as metal posts, roots 
that darkened after endodontic therapy, or 
tetracycline stains. Even though Zirconia 
is metal based, it is white in colour, and as 
such it delivers a better aesthetic outcome 
around tissue areas, compared to PFM.

Some of the advantages of Zirconia 
restorations are excellent aesthetics and 
translucency, superior strength, high 
fracture resistance making it ideal for 
4-6 unit bridges, outstanding marginal 
fit, sixteen shades that match the Vita 
shade system, and a preparation that is 
similar to PFM.

One must keep in mind that Zirconia 
is still a metal, so patients with signifi-
cant metal allergies should consider get-
ting tested prior to using Zirconia. In 
addition, when layering Zirconia with 
porcelain, a more aggressive tooth prepa-
ration is required to achieve a satisfactory 
aesthetic result.

FULL CONTOUR ZIRCONIA

The other option for Zirconia is in the 
form of full contour restorations. The 
original full contour Zirconia materials 

6. Construct Fibers being embedded into Premise Indirect Composite Resin.  7. Porcelain Fused to Zirconia Restoration.   
8. Monolithic Full Contour Zirconia Restoration.  
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were extremely hard and opaque, making it difficult to match 
the shade and translucency of natural teeth (Fig. 8). However, 
full Zirconia materials are extremely durable, especially when 
fabricated to their minimal recommended thicknesses.

The solution to the limitations of the original Zirconia  
material was a newer generation product known as Multi-
Layered Full Contour Zirconia materials. Multi-layered Zir-
conia brings beautiful aesthetics to the strength of full contour  
Zirconia crowns (Fig. 9).

Adding other elements such as Yttria to the Zirconium  
alters the strength and translucency of the restorative material. 
Zirconia has a strength range of 800-1200 MPA (2-3 times 
stronger than e.Max). The addition of the Yttria diminishes 
the strength of the material, but it adds to its translucency.5,8

There are many advantages to Multi-Layered Full Contour 
Zirconia restorations, other than decreased wear of the oppos-
ing dentition and greater translucency compared to traditional 
Zirconia. Pre-shaded material eliminates white spots typical 
after clinical adjustments. This material is extremely strong 

Step 1. Sandblast the internal surface with 50 µm AI
2
0

3
 

particles from a distance of 10 mm, perpendicular to the 

surface at a pressure of 2.5 bar for 15 sec. Rinse and dry.

Step 2. Apply Z-PRIME Plus (Bisco–USA)* or Monobond 

Plus (Ivoclar Vivadent AG)*.

Step 3. Follow the directions included with the dual cure 

resin cement of your choice.

Step 1. Clean the internal surface with ZirClean (Bisco – 

USA) or Ivoclean (Ivoclar Vivadent AG) for 20 seconds.  

Rinse and dry.

Step 2. Apply Z-PRIME Plus (Bisco–USA)* or Monobond 

Plus (Ivoclar Vivadent AG)*.

Step 3. Follow the directions included with the dual cure 

resin cement of your choice.

* Monobond Plus is applied for 60 seconds and then dried.

* Z-PRIME Plus is applied in 2 successive coats and then dried for 
3-5 seconds.

METHOD 1: WHEN SANDBLASTING 
(MICRO-ETCHING) IS AVAILABLE

METHOD 2: WHEN SANDBLASTING 
(MICRO-ETCHING) IS NOT AVAILABLE
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and resistant to fracture and chipping if  
not reduced past its minimal recom-
mended thicknesses of 0.5mm and 
feather-edge margin  preparations.

It’s important to keep in mind that Zir-
conia’s physical properties make its sur-
face harder than other materials, and as 
such will wear the opposing dentition.9 
Also, care must be taken not to thin them 
down below their manufacturer’s recom-
mendations, as this will diminish their 
strength and result in total fracture failure 
of the restoration. Another concern with 
these types of restoration is adhesion, as 
the internal surfaces are smoother than 
other materials, not easily roughened with 

micro-etching, and cannot be chemically 
etched with hydrofluoric acid, because 
they are not a glass-based material.

METHODS TO IMPROVE THE RETENTION OF 
ZIRCONIA-BASED CROWNS

Zirconia based restorations cannot be ac-
id-etched due to the absence of silica and 
glass, which makes micro-etching (sand-
blasting) the preferred surface-roughening 
method. Although Zirconia restorations 
can be affixed to tooth structure using 
resin modified glass ionomer cement, 
conventional cements, or resin cement, 
it is very important that the clinician ap-
preciate that clinical success with fixed 

ceramic restorations is strongly influenced 
by preparation height, your choice of ce-
mentation/bonding system, and the mate-
rial to which it is bonded to, such as tooth 
or implant. Dual-cure resin cements are 
the preferred choice because they have the 
advantages of marginal seal, good reten-
tion, and ideal film thickness, resulting in 
improved fracture resistance.

Here are some suggested methods to 
increase the retention of the intaglio sur-
face of Zirconia-based restorations for 
bonding (Figs. 10A&B).10

With so many options available to us 
in fixed restorative materials, it is impera-
tive that the clinician be aware of both the 
benefits and the drawbacks of each mate-
rial. Clinicians with an understanding of 
resin adhesive chemistry, dental material 
science, biomechanics, preparation design, 
and occlusion will be able to deliver a res-
toration that will last for years to come.  
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