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Background

Despite porcelain being present for a thousand 
years, these feldspathic ceramics were first used 
within dentistry in 1723.1 Porcelain is a type of 
ceramic that has a composition including kaolin 
(Al2Si2O5[OH]4), quartz (SiO2) and feldspar 
(KaISi3O8-NaAlSi3O8-CaAl2Si2O8).

2 Feldspathics 
are the most aesthetically pleasing yet weakest 
of the dental ceramic types; therefore, this 
material is mostly widely used as a veneering 
porcelain layered onto ceramic cores rather 
than monolithic restorations. The evolution of 
feldspathics has allowed the development of 
their optical properties and some improvement 
of the physical properties. In the second of our 
series on ceramics, feldspathic ceramics will be 
explored in greater depth to allow clinicians 
to obtain a better understanding according to 
research up to July 2020.

Microstructure

Conventional feldspathic porcelains, as 
mentioned in part one of the series, are of 
the glass-based ceramics. They are composed 
mainly of feldspar and also quartz, potash 
(K2O) and various metal oxides that impact 
the optical and physical properties, such as 
the coefficient of thermal expansion and 
melting temperature.1,3,4,5 Feldspar can be 
found naturally or produced synthetically 
to further improve aesthetics by removing 
all structural impurity.1,2 On heat treatment, 
feldspar readily forms leucite crystals which 
slightly increases the strength. Ceramics 
of majority glass phase have increased 
translucency, resulting in excellent aesthetics; 
however, the lack of crystalline fillers preludes 
to the brittle nature of the porcelain, making 
it undesirable.2 Therefore, leucite-reinforced 
feldspathic porcelain, containing a higher 
volume of leucite crystals (KAlSi3O6), was 
developed to help improve the physical 
properties. Along with the conventional 
feldspathic composition, premature microfine 
leucite crystals are dispersed into the matrix 
and crystalline fillers, such as alumina (Al2O3) 
and fluorapatite (Ca5[PO4]3F).1,2 Leucite-
reinforced feldspathic porcelain is the most 

widely used feldspathic used within dentistry 
today and will be the main material referred 
to within this article.

Preparation design requirements

Porcelain veneers that are constructed via 
a layering technique can be fabricated very 
thinly, allowing for a highly conservative tooth 
preparation of 0.3–0.5  mm.6,7,8 Despite the 
ability to directly place veneers onto enamel, 
some enamel reduction is required to prevent 
the formation of an unnatural emergence 
profile and possible periodontal problems 
due to over-contouring. Porcelain veneers 
fabricated by computer-aided design and 
computer-aided manufacturing (CAD/CAM) 
are also suitable for preparations of 0.3 mm; 
however, for pressed veneers, a minimum of 
0.75 mm of reduction is required.8

It is also important to consider the 
condition of the tooth/teeth to be veneered 
as a discoloured tooth would require a greater 
thickness of ceramic to mask the substrate, 
thus more tooth reduction would be needed.5 
Various brands specify different tooth 
reduction and margin design requirements, 
so it is important to refer to these before tooth 
preparation.

Highlights the benefits of using feldspathic 
porcelain because of its optical properties.
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Brands

There are various different feldspathic ceramics 
available (see Table 1) with different optical 
properties and allowing different processing 
techniques. Therefore, the choice may be 
decided on the restorative indication or the 
processing preference.

Optical properties

Traditionally, the metal oxides influenced the 
ceramic shade by acting as a pigment and on 
multiple firing cycles the shade would change 
as the metal oxide burnt out. Now, pre-sintered 
colourant crystals are used which do not 
vaporise during firing.1,5

Feldspathic porcelains may be used as 
the sole material for a restoration such as a 
veneer or inlay; however, their main use is as 
a veneering layer for ceramic frameworks such 
as zirconia or lithium disilicate to enhance 
the aesthetic result. The veneering layer may 
be placed directly on top of the coping, or a 
cut back technique can be used to reduce 
the coping thickness to allow for a larger 
veneering layer.

Feldspathics are known for their 
exceptional aesthetics resulting from the 
high degree of translucency and colour 
stability.6,9 The high glass content and 
fine leucite particles allow enhanced light 
transmission, hence its optical properties. 
The translucency allows for an aesthetically 
natural result as the existing tooth features 
can shine though.10 It is also important to note 

that the ceramic thickness can impact the 
light transmission and so its ability to mask 
discolouration of the tooth.7,11 Both the shade 
of the substrate and the ceramic will combine 
to determine the final restoration colour.11,12 
Therefore, the restoration thickness needs 
to be carefully considered when planning 
treatment to ensure a successful outcome. It 
is advised that roughly 0.2–0.3 mm of space is 
required per shade change and up to 2 mm of 
porcelain may be required to mask underlying 
discolouration.8,13

Layered feldspathic porcelain involves the 
layering and firing of slurry several times, which 
enables multiple layers of different colours and 
customisation to be added (see Figure 1).6,8 The 
end result is a restoration with optical properties 
from both the surface and depth rather than 
simply the surface, as seen by restorations made 
of other materials.6 The problem with pressed and 
CAD/CAM restorations with superficial staining 
is that if any post-cementation adjustment is 
required or if tooth wear occurs then this can 
remove the aesthetic customisation.8

Fig. 1  a, b, c, d, e, f) Layering and manipulation of feldspathic slurry to achieve the desired optical results

Type Brand Manufacturer Additional comments

Layered

VITA VM9 VITA Zahnfabrik

n/aIPS EMPRESS Esthetic Veneer Ivoclar Vivadent

Celtra Ceram Dentsply Sirona

Pressed

IPS e.max ZirPress Ivoclar Vivadent This material can be pressed onto zirconia 
copings as a veneering layer

IPS e.max Ceram Ivoclar Vivadent This material can be pressed onto e.max 
copings of any material as a veneering layer

IPS Empress Esthetic Ivoclar Vivadent

n/a
Rosetta BM

Human Aid 
System Supplier 
(HASS)

CAD/CAM

VITABLOCS Mark II VITA Zahnfabrik Monochromatic

VITABLOCS TriLuxe forte VITA Zahnfabrik Polychromatic with four-layer shade 
gradient

VITABLOCS RealLife VITA Zahnfabrik Polychromatic with integrated 3D-layer 
structure of shade gradient

IPS Empress CAD Ivoclar Vivadent Multi-translucency, high translucency and 
low translucency

Initial LRF Block GC Corporation n/a

Table 1  Table listing brands of feldspathic ceramics

BRITISH DENTAL JOURNAL  |  VOLUME 232  NO. 2  |  January 28 2022 	 81

CLINICALRestorative dentistry

© The Author(s) under exclusive licence to the British Dental Association 2021.



Even though the chemical properties and 
composition of feldspathics have a huge 
influence in the resulting aesthetic outcome, 
it is argued that the ability of the ceramist to 
manipulate the material has far more impact. 
Consequently, it is important to maintain clear 
communication with the ceramist in order to 
give them the necessary information to create 
their masterpiece.7

Physical properties

Feldspathic porcelain is known for its brittle 
nature and inherent weakness.3 During 
function, where tensile and shear stresses 
occur, microcracks can develop and they 
fracture.2 Traditional feldspathic porcelain 
has a far lower fracture toughness and 
flexural strength than any of the other dental 
ceramics, around 55–87 MPa. Whereas leucite-
reinforced feldspathics have increased flexural 
strength by 17–19% to around 73–182 MPa 
and an increased fracture toughness of 
3–64% compared to traditional feldspathic.14 
The presence and size of leucite crystals has 
a huge impact on the physical strength of 
the material – increasing leucite crystal size 
and amount leads to an increase in fracture 
toughness.15 Nonetheless, when compared to 
other dental ceramics such as zirconia, the 
fracture toughness is still far weaker. The use 
of adhesive composite resin cement has been 
suggested to prevent crack propagation within 
porcelain and increase fracture resistance, 
which is enabled by the interlocking of 
the etched porcelain into the roughened 
tooth surface.7,9 This strengthening is much 
more evident in leucite-reinforced ceramics 
than in traditional feldspathic porcelain.16 
Nonetheless, feldspathic ceramics are not 
suited for posterior restoration or areas where 
there is high masticatory exertion as the 
mechanical strength is not adequate.5 Studies 
have shown that there is a higher incidence of 
fractured leucite-reinforced feldspathic crowns 
that were placed on molars and premolars 
compared to those placed on anteriors.17 
Furthermore, another study found that the 
feldspathic framework fracture rate after five 
years is 6.7% and the five year survival rate 
is 90.7%, the lowest compared to any other 
material.18 Despite functional loading reducing 
the fracture strength of feldspathic porcelain 
crowns, an in vitro study has determined them 
suitable for use anteriorly.19 Unless used as a 
veneering layer, feldspathic porcelain is not 
the ideal ceramic material of choice for fixed 

prostheses. Parafunctional habits increase 
the loading four to five times greater than 
functional loading and so, in these patients, 
feldspathic indirect restorations should not be 
provided unless some form of protection can 
be supplied, such as a soft occlusal splint.20

For layered restorations with a ceramic core 
and feldspathic layer, the overall strength of 
the restoration is dependent on the core-veneer 
bond. Furthermore, the ratio of ceramic core 
to veneering porcelain thickness influences the 
site of crack initiation as well as the aesthetics 
and so a good balance is required to allow the 
porcelain to be under compressive stresses 
and the core to be under tensile stress.13 In 
vitro studies have demonstrated that the core 
should be adequate to support a uniform layer 
of the porcelain veneer in the hope to prevent 
fractures of anterior crowns.21 It is the tensile 
stress that is the main cause for any observed 
chipping of the veneered layer.

The addition of leucite crystals also increases 
the coefficient of thermal expansion (CTE) 
which allows the veneering feldspathic to have 
a closer CTE to the ceramic coping, therefore 
reducing the risk of crack formation during 
restoration fabrication and hence potential 
chipping. Porcelain chipping has been one 
of the greatest causes of zirconia restoration 
failure and so is of a huge concern. The 
strength is also improved by preventing crack 
propagation as fracture energy is absorbed.14

Glazed feldspathic porcelain has the ability 
to erode the opposing enamel forty times 
more than a gold restoration and three times 
more than zirconia. In an in vitro study, the 
average amount of wear caused by feldspathic 
porcelain was 306.3 μm and 153.8 μm in the 
zirconia group.22 Therefore, it is recommended 
to ensure all restorative surfaces are polished.

Indications

Feldspathic ceramics are mainly chosen to 
fabricate veneers or as a veneering layer for 
indirect restorations. Feldspathic veneers are 
more suitable for cases where the aims of 
treatment are to modify the tooth shape and 
only a slight change in colour is required, 
allowing for minimal tooth reduction to take 
place.7 The optical properties of the material 
make it unsuitable for cases where masking 
of the underlying tooth colour is desired.5 
Furthermore, as the other dental ceramics 
are continuously developing, their optical 
properties are also being modified. This has 
meant that their strength and enhanced 

aesthetics makes them more desirable to be 
used in the anterior region and the need for a 
layered restoration is far less, as instead, stains 
can provide beautiful results.

Other indications for the use of feldspathic 
ceramics include anterior crowns, inlays and 
onlays; some brands have also advertised the 
use of their material for posterior crowns.6,13,14 
Due to other ceramics having far stronger 
physical properties, it is wise to stick to such 
materials rather than the use of feldspathic 
ceramics for posterior crowns. It is important 
to do a risk assessment on possible tensile and 
shear stress before prescribing feldspathic 
ceramics. Considerations include:
•	 Deep overbites
•	 Identifying areas where there will be large 

areas of unsupported porcelain
•	 If bonding will occur on dentine or 

composite (flexible substrates), it is better 
to bond on mainly enamel

•	 The location of the restoration and how 
distal it is.2

Cementation

Veneering feldspathic layers do not require 
cementation to the underlying core as the 
bond created is purely mechanical when the 
porcelain is fired.

For successful bonding of feldspathic 
veneers, the following recommendations 
should be considered in preparation design:
•	 50% of the preparation should be 

within enamel
•	 50% or more of the enamel on the tooth 

surface should be remaining
•	 70% or more of the preparation margin 

should be within enamel.8

Feldspathic ceramics are cemented only with 
resin cements to increase the shear strength 
of the overall restoration and the material 
is hydrofluoric acid (HF) etchable.9,13 It is 
important to not air-abrade the inner surface 
of the restoration to increase surface roughness 
due to the risk of volume reduction and radical 
changes to the morphology.13 Therefore, in 
order to enable resin cementation of feldspathic 
restorations, the following protocol is generally 
advised:
1.	 The application of HF etch for 2–2.5 

minutes on the cleaned restoration fit 
surface. The HF concentration indicated 
should be checked according to the specific 
brand used; however, it is recognised that 
a concentration between 5–9% is adequate 
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to achieve the highest shear bond strength. 
This should then be washed and air dried. 
This allows micromechanical retention to 
be formed on cement application

2.	 Silane coupling agent is then applied 
to the fit surface for one minute and is 
subsequently air dried.

3.	 Dual-, light- or self-cure, self-adhesive 
composite resins can then be applied, 
following the specific instructions to ensure 
appropriate polymerisation. For anterior 
restorations, there are resin cements 
available that have various shades to ensure 
the most aesthetically pleasing result is 
achieved.9,23

Conclusion

Even though the physical properties of 
feldspathic ceramics will never be comparable 
to the other dental ceramics available, their 
use is still invaluable thanks to their optical 
properties. When used correctly, feldspathic 
ceramics can provide successful results for 
the patient and so should not be dismissed 
as an option. The development of transitional 
feldspathic into the formation of leucite-
reinforced feldspathic ceramics has allowed 
wider usage and it would be a sensible 
suggestion that it may be further developed to 
improve its usability. However, for now, case 
assessment is essential before choosing to use 
this material as otherwise restoration failure 
is inevitable.
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