
Volume 28, Number 3, 2015            227

©2015 by Quintessence Publishing Co Inc.

A New Classification System for All-Ceramic and  
Ceramic-like Restorative Materials
Stefano Gracis, DMD, MSDa/Van P. Thompson, DDS, PhDb/Jonathan L. Ferencz, DDSc/ 
Nelson R.F.A. Silva, DDS, MSc, PhDd/Estevam A. Bonfante, DDS, MSc, PhDe  

Classification systems for all-ceramic materials are useful for communication and 
educational purposes and warrant continuous revisions and updates to incorporate new 
materials. This article proposes a classification system for ceramic and ceramic-like 
restorative materials in an attempt to systematize and include a new class of materials. 
This new classification system categorizes ceramic restorative materials into three 
families: (1) glass-matrix ceramics, (2) polycrystalline ceramics, and (3) resin-matrix 
ceramics. Subfamilies are described in each group along with their composition, 
allowing for newly developed materials to be placed into the already existing main 
families. The criteria used to differentiate ceramic materials are based on the phase 
or phases present in their chemical composition. Thus, an all-ceramic material is 
classified according to whether a glass-matrix phase is present (glass-matrix ceramics) 
or absent (polycrystalline ceramics) or whether the material contains an organic matrix 
highly filled with ceramic particles (resin-matrix ceramics). Also presented are the 
manufacturers’ clinical indications for the different materials and an overview of the 
different fabrication methods and whether they are used as framework materials or 
monolithic solutions. Current developments in ceramic materials not yet available to the 
dental market are discussed. Int J Prosthodont 2015;28:227–235. doi: 10.11607/ijp.4244

Ceramics have been the mainstay of esthetic den-
tistry for more than 100 years. Originally in the 

naturally occurring feldspathic form, ceramics were 
used primarily for anterior teeth as high fusing por-
celain jacket crowns, denture teeth, and partial cov-
erage. Beginning with John McLean’s introduction 
of aluminous porcelain in the mid-1960s,1 there have 
been continuous improvements in strength, esthet-
ics, and methods of fabrication, resulting in dozens of 
products for clinicians to choose from. 

Due to the high number of products available and 
the speed at which new products are being intro-
duced, today’s clinician faces a complex decision pro-
cess when choosing a ceramic restorative material for 
a particular indication. The selection is seldom made 
on the basis of a thorough understanding of the mate-
rials’ characteristics. More often, it is based on criteria 
such as strength measured in vitro, degree of trans-
lucency, manufacturing techniques, the preference of 
the dental laboratory technician, and even advertising 
claims. 

A classification system of the ceramic materials 
used in dentistry is useful for a variety of purposes, 
including communication and education. Ideally, a 
classification system should be helpful in provid-
ing clinically relevant information about where to 
use the material (anterior versus posterior), for what 
type of restoration (partial versus full, short versus 
long-span), and how to lute it (adhesively versus tra-
ditionally). Different classification systems have been 
proposed that focus on clinical indications, composi-
tion, ability to be etched, processing methods, firing 
temperatures, microstructure, translucency, fracture 
resistance, and antagonist wear.2–6 These classifica-
tions, however, tend to be either vague or imprecise, 
and they do not easily allow for the inclusion of new 
restorative materials. 
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Classifying ceramics according to their composition 
is a logical step in the right direction, because an un-
derstanding of ceramic composition by both techni-
cian and clinician is essential for optimal results. So 
far, attempts have been shown to be too general and 
impractical, unfortunately.7–10

An often-used classification system by Kelly and 
Benetti,11 for example, describes ceramic materials 
according to glass content and can be described as 
follows: (1) predominantly glassy materials, (2) parti-
cle-filled glasses, and (3) polycrystalline ceramics in 
which no glass is present. In this glass content clas-
sification system, the clinician might be confused by 
the lack of clarity in attempting to quantify the amount 
of glass phase required for the ceramic to be included 
in either the predominantly glassy or the particle-
filled glasses category. Also, a direct correlation has 
been proposed in this classification system between 
the amount of glass and the resultant esthetics and 
strength characteristics of the completed ceramic 
restoration. This correlation states that predominantly 
glassy ceramics are highly esthetic, whereas polycrys-
talline ceramics are much less esthetic and are meant 
to be used solely as framework material. In a way, it 
suggests a relationship between ceramic composi-
tion and indications. However, current development in 
polycrystalline ceramic microstructure has challenged 
this concept. Esthetics is becoming less of a problem 
as more translucent zirconia and stronger but more 
opaque glass-ceramics have become available. This 
has allowed for the use of translucent and esthetic 
zirconia not only as a substructure for veneered re-
constructions, as formerly recommended,12,13 but also 
as full-contour reconstructions.13,14

The same observation is applicable to some parti-
cle-filled glass-ceramics. Formerly indicated for use 
only as substructure materials, their use as mono-
lithic materials that achieve high levels of esthetics is 
gaining in popularity (eg, lithium disilicate). Therefore, 
classification of materials involving attempts to differ-
entiate them on the basis of their use and indication 
appears confusing. Furthermore, the Kelly and Benetti 
classification does not recognize a fundamental de-
velopment in ceramic technology that has occurred 
in the industry: The manufacturing process of these 
materials has moved away from naturally occurring 
components (ie, feldspar) to synthetically derived ce-
ramics. This has resulted in an improvement in the 
standardization and quality control of these materials. 
It is important for the dentist and the dental technician 
to understand this difference because these synthetic 
materials will provide unmatched consistency. 

Last but not least, the existing classifications of 
ceramic materials do not include resin-matrix mate-
rials that are highly filled with ceramics. These are 

now available from various manufacturers and are 
recommended as esthetic alternatives for a variety of 
clinical indications, as described in this article. These 
materials recently have been coded as “ceramics” by 
the American Dental Association (ADA) because they 
have ceramic-like properties and should not be ig-
nored in any classification system.15,16

In light of this and other considerations, the authors 
proposed a new approach to classifying ceramic re-
storative materials into three families (Fig 1), based on 
the presence of specific attributes in their formulation, 
as follows: 

1. Glass-matrix ceramics: nonmetallic inorganic 
ceramic materials that contain a glass phase

2. Polycrystalline ceramics: nonmetallic inorganic 
ceramic materials that do not contain any glass 
phase

3. Resin-matrix ceramics: polymer-matrices 
containing predominantly inorganic refractory 
compounds that may include porcelains, glasses, 
ceramics, and glass-ceramics.

The glass-matrix ceramics family is further sub-
divided into three subgroups: naturally occurring 
feldspathic ceramics, synthetic ceramics, and glass-
infiltrated ceramics. Polycrystalline ceramics are 
subdivided into four subgroups: alumina, stabilized 
zirconia, zirconia-toughened alumina, and alumina-
toughened zirconia (currently in development). The 
third group, resin-matrix ceramics, is divided into sev-
eral subgroups according to their composition. 

Based on the above groupings, the following is a 
detailed description of the proposed classification.

Ceramic Restorative Materials 
Classification

1. Glass-Matrix Ceramics  

1.1 Feldspathic (eg, IPS Empress Esthetic, IPS 
Empress CAD, IPS Classic, Ivoclar Vivadent; Vitadur, 
Vita VMK 68, Vitablocs, Vident)

This traditional group of ceramics is based on a 
ternary material system composed of clay/kaolin 
(hydrated aluminosilicate), quartz (silica), and nat-
urally occurring feldspar (a mixture of potassium 
and sodium aluminosilicates). Potassium feldspar 
(K2A12Si6O16) forms leucite crystals (crystalline 
phase), which, depending on the amount, not only 
increase the intrinsic strength of the restoration, 
but also make this porcelain suitable for veneering 
metal substructures (coefficient of thermal expan-
sion approximately 10% or less below that of the 
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substructure).3,5,6 These materials are still used as 
a veneering material on metal alloy and ceramic 
substrates and as an esthetic material bonded onto 
tooth structure.

1.2 Synthetic: leucite-based (eg, IPS d.Sign, 
Ivoclar Vivadent; Vita VM7, VM9, VM13, 
Vident; Noritake EX-3, Cerabien, Cerabien ZR,  
Noritake); lithium disilicate and derivatives (eg,  
3G HS, Pentron Ceramics; IPS e.max CAD, IPS 
e.max Press, Ivoclar Vivadent; Obsidian, Glidewell 
Laboratories; Suprinity, Vita; Celtra Duo, Dentsply);  
fluorapatite-based (eg, IPS e.max Ceram, 
ZirPress, Ivoclar Vivadent)

To remain less dependent on natural resources 
of raw materials and their inherent variations, the 
ceramic industry has begun to use synthetic mate-
rials. The composition varies among manufactur-
ers, but commonly includes silicon dioxide (SiO2), 
potassium oxide (K2O), sodium oxide (Na2O), and 
aluminum oxide (Al2O3). Their glass phases may 
be combined with apatite crystals, in addition to 
leucite, for thermal expansion compatibility with 
metals and for improved strength. When used as a 
veneer material on all-ceramic frameworks, these 
materials are modified to match the coefficient of 
thermal expansion of their respective frameworks 
(eg, Vita VM7 and Cerabien for polycrystalline 

alumina and glass-infiltrated ceramics, and VM9, 
Cerabien ZR, IPS e.max Ceram for polycrystalline 
zirconia). 

For enhanced mechanical properties and use as 
a substructure material, crystalline phase reinforced 
feldspathic porcelains are available. These are com-
posed of SiO2 (63%), Al2O3 (17%), K2O (11.2%), Na2O 
(4.6%), ceric oxide (CeO2; 1.6%), boron trioxide 
(B2O3), calcium oxide (CaO), barium oxide (BaO), ti-
tanium dioxide (TiO2) (< 1%) (eg, IPS Empress), or of 
approximately 70% lithium disilicate (IPS Empress 2) 
(SiO2 (57% to 80%), Al2O3 (0% to 5%), lanthanum ox-
ide (La2O3; 0.1% to 6%), magnesium oxid (MgO; 0% to 
5%), zinc oxide (ZnO; 0% to 8%), K2O (0% to13%), lith-
ium oxide (Li2O; 11% to 19%), phosphorous pentoxide 
(P2O5; 0% to 11%)). A further development within the 
lithium disilicate system (SiO2-Li2O-K2O-ZnO-P2O5-
Al2O3-[zirconium dioxide] ZrO2) (IPS e.max for either 
press or computer-aided design/computer-assisted 
manufacture [CAD/CAM] manufacturing) demon-
strates improved mechanical properties for use as 
inlays, onlays, crowns, and three-unit fixed dental 
prostheses in the anterior region. With recent patent 
expiration, the variations on this latter material have 
become available from other manufacturers (eg, 
3G HS from Pentron Ceramics). In addition, lithium 
silicate (Li2O3Si)-reinforced ceramics enriched with 
zirconia have been introduced (eg, Suprinity; Celtra 

Fig 1  Overview of the proposed classification system of all-ceramic and ceramic-like materials.
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Duo; composition [% by weight]: SiO2 [56% to 64%], 
Li2O [15% to 21%], K2O [1% to 4%], P2O5 [3% to 8%], 
Al2O3 [1% to 4%], ZrO2 [8% to 12%], and CeO2 [0% 
to 4%]). 

1.3 Glass-Infiltrated: alumina (eg, In-Ceram 
Alumina, Vita); alumina and magnesium (eg,  
In-Ceram Spinell, Vita); alumina and zirconia (eg, 
In-Ceram Zirconia, Vita)

The first glass-infiltrated material, In-Ceram 
Alumina, introduced in 1989, is fabricated utilizing the 
slip-casting technique. A slurry of densely packed 
Al2O3 is sintered to a refractory die, and after a po-
rous skeleton of alumina particles is formed, infiltra-
tion with lanthanum glass is performed in a second 
firing to infiltrate the porosity and increase strength. 
Three different particle sizes of alumina are ob-
served, including large elongated grains (10 to 12 µm  
long and 2.5 to 4 µm wide), faceted particles (1 to 4 
µm diameter), and spherical grains of less than 1 µm  
diameter. Due to its opacity, porcelain veneer layer-
ing is required. The composition, according to the 
manufacturer, is Al2O3 (82%), La2O3 (12%), SiO2 
(4.5%), CaO (0.8%), and other oxides (0.7%).

In-Ceram Spinell, introduced in 1994, is pro-
cessed in a similar manner, but the glass is infiltrat-
ed into a synthetically produced porous magnesium 
aluminate (MgAl2O4) core. In-Ceram Zirconia is a 
modification of In-Ceram Alumina where partially 
stabilized zirconia oxide is added to the slip com-
position of the Al2O3 to strengthen the ceramic. 
According to the manufacturer, the composition is 
Al2O3 (62%), ZnO (20%), La2O3 (12%), SiO2 (4.5%), 
CaO (0.8%), and other oxides (0.7%).

The use of this class of materials is diminished 
due to the increased popularity of lithium disilicate 
and zirconia, particularly for CAD/CAM fabrication.

2. Polycrystalline Ceramics

The main feature of the ceramics classified in the 
polycrystalline group is a fine-grain crystalline struc-
ture providing strength and fracture toughness, but 
tending to have limited translucency. In addition, the 
absence of a glass phase makes the polycrystalline 
ceramics difficult to etch with hydrofluoric acid, re-
quiring long etching times or higher temperature.17

2.1 Alumina (eg, Procera AllCeram, Nobel Biocare; 
In-Ceram AL)

This material consists of high-purity Al2O3 (to 
99.5%). It was first introduced by Nobel Biocare in 
the mid-1990s as a core material for fabrication with 
CAD/CAM. It has very high hardness (17 to 20 GPa) 
and relatively high strength. The elastic modulus  

(E = 300 GPa),4 highest of all dental ceramics, has 
led to vulnerability to bulk fractures.18,19 This ten-
dency to core fracture and the introduction of ma-
terials with improved mechanical properties, such 
as the transformation toughening capabilities found 
in stabilized zirconia, has led to a decreased use of 
alumina.

2.2 Stabilized zirconia (eg, NobelProcera 
Zirconia, Nobel Biocare; Lava/Lava Plus, 3M ESPE; 
In-Ceram YZ, Vita; Zirkon, DCS; Katana Zirconia 
ML, Noritake; Cercon ht, Dentsply; Prettau Zirconia, 
Zirkonzahn; IPS e.max ZirCAD, Ivoclar Vivadent; 
Zenostar, Wieland)

Pure zirconia is found in three allotropic forms: 
monoclinic, which is stable up to 1,170°C, where it 
transforms to tetragonal, and then cubic when the 
temperature exceeds 2,370°C.20,21 The tetragonal 
to monoclinic transformation is accompanied by a 
shear strain and large (4%) volume increase. This 
volume increase can close cracks, leading to large 
increases in fracture toughness of the material. 
Using this transformation toughening in practice 
requires that the tetragonal or cubic phases must 
be stabilized at room temperature by alloying pure 
zirconia with oxides such as yttrium, magnesium, 
calcium, and cerium. These elements will fully or 
partially stabilize either of these phases.22 A clas-
sification of zirconia ceramics has been proposed 
according to their microstructure as fully stabilized 
zirconia (FSZ), partially stabilized zirconia (PSZ), 
and tetragonal zirconia polycrystals (TZP).23 In FSZ, 
zirconia is in its cubic form and contains more than 8 
mol% yttrium oxide (Y2O3). PSZ is formed by nano-
sized tetragonal or monoclinic particles in a cubic 
matrix, and TZPs are monolithic materials mainly 
of tetragonal phase stabilized most commonly with 
yttria or ceria.23 Dental zirconias are all of the TZP 
type, most commonly Y-TZP, as this form has the 
highest strength and fracture toughness after ma-
chining and sintering. 

Zirconia ceramic was historically employed as 
a prosthetic framework material to be veneered 
with ceramics, but it can also be used to manu-
facture monolithic restorations. It is available as a 
monochromatic uniform material, which, if needed, 
can be stained by infiltration. There is an increas-
ing trend to use polychromatic (or blended) CAD/
CAM blocks and disks manufactured to imitate the 
variation in color from dentin to enamel (eg, Katana 
Zirconia ML, Kuraray). In addition, these materials 
are being manufactured with increasing translucen-
cy (eg, Lava Plus; Cercon ht; NexxZr T; Zenostar Full 
Contour Zirconia; and Zirlux FC2). 
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2.3 Zirconia-toughened alumina and  
alumina-toughened zirconia 

Because zirconia generally remains partially 
stabilized in the tetragonal phase, and alumina 
presents a moderate toughness, there is a trend 
in the development of alumina-zirconia (zirconia-
toughened alumina [ZTA]) and zirconia-alumina 
(alumina-toughened zirconia [ATZ]) composites 
with structure at either the micro or nano scale, as 
proposed for arthroplasty applications24,25 (compos-
ites described as a composition of two or more dif-
ferent phases, here alumina and zirconia).26 In 1976, 
Claussen first described that the addition of unsta-
bilized zirconia to alumina increased the fracture 
toughness of alumina due to interaction between 
the crack front and the second phase combined 
with interactions between the crack front and pre-
existing microcracks formed during the tetragonal 
to monoclinic transformation of zirconia.26,27 The 
percentage of zirconia or alumina in the composite 
can be tailored and may be altered according to de-
mand or manufacturers’ manipulation. For classifica-
tion purposes, the authors suggest that ZTA should 
have > 50% by weight of Al, whereas ATZ should 
present > 50% by weight of Zr. An example of ZTA 
is the combination of ZrO2 67.9 mass%; Al2O3 21.5 
mass%; CeO2 10.6 mass%; MgO 0.06 mass%; TiO2 
0.03 mass% (NANOZR, Panasonic Electric Works). 
The latest technology is associated with methods to 
apply nanoparticles of zirconia to alumina micropar-
ticles before sintering.28,29 Advantages of these 
composite materials when compared to Y-TZP are 
resistance to low-temperature degradation, higher 
strength, and fracture toughness,30,31 and more 
than twice Y-TZP’s cyclic fatigue strength.32

A recent material development that, so far, has 
not been made available to the profession is that 
of graded alumina and graded zirconia. They are a 
variation of the polycrystalline restorative materials 
in which glass is infiltrated into the surface of ei-
ther alumina or zirconia substrates. This infiltration 
creates a more damage-tolerant and esthetic sys-
tem for improved clinical performance.33 A graded 
structure consists of a material composition (low 
stiffness glass to high stiffness core) that gradually 
changes across an interface (eg, between core and 
veneer and/or the core intaglio surface). In one set 
of studies,34–36 zirconia was infiltrated with a silicate 
glass with a matched coefficient of thermal expan-
sion. The percentage of glass changes from 100% to 
0% across a 120-µm interphase. The resulting elastic 
modulus varied from 125 GPa at the infiltrate sur-
face to 250 GPa at depth.34–37 While there was little 
change in toughness between infiltrated and nonin-
filtrated specimens, contact loads required to break 

bars infiltrated on both the top and bottom surfaces 
were nearly twice that of noninfiltrated bars of the 
same dimensions. It is noteworthy that the relative 
impact of the graded structures was greater for the 
thin specimens.35,37 By reducing the modulus in the 
near-surface regions, much of the stress in the spec-
imen is transferred into the stiffer material beneath 
the surface. On the intaglio surface this transfer of 
stress limits crack initiation and greatly improves the 
fatigue life of both alumina and zirconia.37

The graded structure eliminates the sharp in-
terface now resulting from traditional core-veneer 
fabrication, reducing the potential for delamination 
between the layers.35,38 Furthermore, the residual 
glass at the surfaces encapsulates the zirconia, im-
peding water absorption and thereby limiting the 
hydrothermal degradation.35 This approach opens 
promising new possibilities for creating thinner den-
tal restorations with robust biomechanical proper-
ties and esthetics.

Regardless of the different formulations for com-
posites alloying polycrystalline ceram ics, future 
materials to be included in this category will likely 
follow the premise of the absence of a glass phase.

3. Resin-Matrix Ceramics

This category comprises materials with an organic 
matrix highly filled with ceramic particles. The pres-
ence of an organic matrix would theoretically exclude 
resin-matrix ceramic materials from the authors’ 
classification proposal if the traditional definition of 
ceramics were considered: “nonmetallic inorganic 
materials usually processed by firing at a high temper-
ature to achieve desirable properties.”38,39 However, 
resin-matrix ceramics are being included because the 
2013 version of the ADA Code on Dental Procedures 
and Nomenclature15 defines the term porcelain/ce-
ramic as “pressed, fired, polished, or milled materials 
containing predominantly inorganic refractory com-
pounds—including porcelains, glasses, ceramics, and 
glass-ceramics.”  Therefore, the materials presented 
in this section do fit into this category because they 
are composed predominantly (> 50% by weight) of 
refractory inorganic compounds, irrespective of the 
presence of a less predominant organic phase (poly-
mer). Manufacturers suggest a wide range of indica-
tions for these ceramic-like materials in restorative 
dentistry. This is quite a change with respect to the 
former version of the referred code (2012), which 
defined porcelain/ceramic as “non-metal, non-resin 
inorganic refractory compounds processed at high 
temperatures (600°C/1,112°F and above) and pressed, 
polished, or milled, including porcelains, glasses, and 
glass-ceramics.”
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However, despite the controversies associated with 
the definition, the manufacturers’ rationale to develop 
resin-matrix ceramic materials was to (1) obtain a 
material that more closely simulates the modulus of 
elasticity of dentin when compared to traditional ce-
ramics, (2) develop a material easier to mill and adjust 
than glass-matrix ceramics (eg, synthetic ceramics of 
the lithium disilicate family) or polycrystalline ceram-
ics, and (3) facilitate repair or modification with com-
posite resin. 

Resin-matrix ceramic composition varies substan-
tially, but they are specifically formulated for CAD/
CAM. Currently, the resin-matrix ceramic materials 
can be divided into several subfamilies, according to 
their inorganic composition, as follows: 

3.1 Resin nanoceramic  
(eg, Lava Ultimate, 3M ESPE)

It consists of a highly cured resin matrix rein-
forced with approximately 80% by weight nano-
ceramic particles. The combination of discrete silica 
nanoparticles (20 nm diameter), zirconia nanopar-
ticles (4 to 11 nm diameter), and zirconia-silica 
nanoclusters (bound aggregates of nanoparticles) 
reduces the interstitial spacing of the filler particles, 
enabling this high nanoceramic content (informa-
tion from 3M ESPE).

3.2 Glass ceramic in a resin interpenetrating 

matrix (eg, Enamic, Vita) 
This is typically composed of a dual network: a 

feldspathic ceramic network (86% by weight / 75% 
by volume) and a polymer network (14% by weight 
/ 25% by volume). The specific composition of the 
ceramic part is 58% to 63% SiO2, 20% to 23% Al2O3, 
9% to 11% Na2O, 4% to 6% K2O, 0.5% to 2% B2O3, 
less than 1% of Zr2O and CaO. The polymer network 
is composed of urethane dimethacrylate (UDMA) 
and triethylene glycol dimethacrylate (TEGDMA). 
The manufacturer refers to this as a hybrid ceramic. 

3.3 Zirconia-silica ceramic in a resin  
interpenetrating matrix 

Tailored with different organic matrices as well 
as variation in ceramic weight percentage, eg, sil-
ica powder, zirconium silicate, UDMA, TEGDMA, 
micro-fumed silica, pigments (eg, Shofu Block HC, 
Shofu), its inorganic content comprises more than 
60% by weight. Another example is the composite 
composed of 85% ultrafine zirconia-silica ceramic 
particles (spherical 0.6 µm) embedded in a poly-
mer matrix of bisphenol A glycidyl methacrylate 
(bisGMA), TEGDMA, and a patented ternary initia-
tor system (MZ100 Block, Paradigm MZ-100 Blocks, 
3M ESPE). 

It is likely that a number of new materials to be in-
troduced for dental esthetic restorations will fit into 
the resin-matrix ceramics category.

Discussion

In the last decades, the types of all-ceramic and 
ceramic-like materials available to the dental profes-
sion have increased significantly, branching out in a 
complex array of commercial products whose names 
provide little clue to their true nature and, thus, to 
their proper use. Classifications should assist dental 
technicians and clinicians in understanding the main 
differences that are important for a rational selection 
of a product. Classification systems based on material 
properties4 such as intrinsic strength, fracture tough-
ness, and hardness may indicate how and where the 
different materials should be used (eg, substructure 
or veneer, crown or fixed dental prostheses replac-
ing missing teeth, anterior or posterior), but, usually, it 
is the manufacturer that will define the indications of 
its material(s). On the other hand, classifications ac-
cording to degree of translucency can be confusing 
for the clinician. Polycrystalline ceramics, for example, 
can be used as substructures but also as full-contour 
restorations because they can now be fabricated with 
an acceptable esthetic appearance. Finally, it is not 
possible to organize materials by clinical performance 
because well-designed, long-term clinical trials ad-
dressing this parameter are not available. 

Rather, the criteria used to differentiate ceramic 
materials for this proposed classification system are 
based on the phase or phases present in their chemi-
cal composition. In this way, the entire array of all-
ceramic and ceramic-like materials can be placed 
into one of three families. Traditional all-ceramic ma-
terials are categorized within only two groups, based 
on the presence (glass-matrix ceramics) or absence 
(polycrystalline ceramics) of a glass-matrix phase. 
Materials that contain an organic matrix belong to a 
totally new category: the resin-matrix ceramics. This 
simplification should be helpful for communication 
and educational purposes.

Table 1 provides an overview of all-ceramic and 
ceramic-like materials categorized according to the 
proposed classification and of their relative fabrica-
tion method, utilization (framework to be veneered or 
monolithic full-contour restoration), etching capabil-
ity, and clinical indications according to manufacturer 
instructions. 

These materials can be utilized to manufacture res-
torations by one or more of the following fabrication 
methods: 
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 • Freehand layering on a refractory die, platinum foil 
(feldspathic ceramics), or zirconia substructure 
(fluorapatite-based ceramics)

 • Hot pressing of an ingot into a mold (eg, lithium 
disilicate)

 • Slip-casting technique (eg, glass-infiltrated 
alumina)

 • CAD/CAM of a block or disk (eg, stabilized zirconia, 
lithium disilicate) 

Different esthetically related variables influence 
the selection of the prosthetic material and the way 
to use it, but the color of the abutment and the degree 
of translucency of the natural teeth that need to be 
imitated and reproduced into the restoration are the 

main ones. On this basis, the clinician and the techni-
cian make the decision of whether to use a particular 
material as a substructure to then be veneered with 
another ceramic or as a monolithic full-contour res-
toration that needs, at most, to be surface stained. In 
Table 1, the possible ways in which each material can 
be utilized are specified. 

Etchability of the ceramic or ceramic-like materials 
is also an important piece of information for the clini-
cian because it will indicate, at least in part, the way 
the restoration can be luted: with a more traditional 
cement (glass ionomer, resin-modified glass ionomer, 
or even zinc phosphate cement) or a composite resin 
cement. Precise indications for adhesive cementation 
of all-ceramic crowns have been defined by Gehrt et 

Table 1   Classification Summary of All-Ceramic and Ceramic-like Restorative Materials and Overview of Fabrication 
Methods, Type of Use, Possibility to Be Etched for Adhesive Cementation, and Clinical Indications According to 
Manufacturers

Fabrication 
method

Framework (F)  
Monolithic (M) 

Veneer (V) Etchable

Clinical indications

Veneer

Partial 
coverage 

restoration

Full-crown 
Anterior (A)  
Posterior (P) FPD

Implant 
abutment

1. Glass-matrix ceramics

1.1. Feldspathic ceramics Refractory 
die, platinum 
foil, press

M/V Yes ✓

1.2. Synthetic ceramics

a. Leucite-based Press or 
CAD/CAM

F/M Yes ✓ ✓ ✓(A)

b.  Lithium disilicate and derivatives Press or 
CAD/CAM

F/M Yes ✓ ✓ ✓ (A/P) 3-unit up 
to 2nd 
premolar

✓

c. Fluorapatite-based* Press or 
layering

V Yes – – – – –

1.3. Glass-infiltrated

a. Alumina CAD/CAM or  
Slip-casting

F Yes ✓ (A/P) 3-unit 
anterior

b. Alumina and magnesium CAD/CAM or  
Slip-casting

F Yes ✓ (A)

c. Alumina and zirconia CAD/CAM or  
Slip-casting

F Yes ✓ (A/P) 3-unit 
posterior

2. Polycrystalline ceramics

2.1. Alumina CAD/CAM F No ✓ ✓ (A/P) ✓

2.2. Stabilized zirconia CAD/CAM F/M No ✓ ✓ (A/P) ✓ ✓

2.3.  Zirconia-toughened alumina and 
alumina-toughened zirconia

CAD/CAM F/M No ✓ ✓ (A/P) ✓ ✓

3. Resin-matrix ceramics

3.1. Resin nanoceramics CAD/CAM M No ✓ ✓ ✓ (A/P)

3.2.  Glass-ceramics in a resin 
interpenetrating polymer network

CAD/CAM M Yes ✓ ✓ ✓ (A/P)

3.3.  Zirconia-silica in a resin 
interpenetrating polymer network

CAD/CAM M No ✓ ✓ ✓ (A/P)

CAD/CAM = computer-aided design/computer-assisted manufacture; FPD = fixed partial denture.
*Fluorapatite-based ceramics are used as veneering materials over metal alloy or zirconia substructures.
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al40 and include, among others, abutment height of 
less than 4 mm and angle of convergence between 
the abutment walls greater than 10 degrees. In other 
situations, the use of conventional glass-ionomer or 
resin-modified glass-ionomer cements as compared 
to adhesive bonding are suggested. In the prospec-
tive clinical study of up to 9 years by Gehrt et al,40 the 
failure or complication rate of lithium disilicate crowns 
were not influenced by adhesive as compared to con-
ventional cementation. However, the study was lim-
ited to fewer than 80 crowns per treatment. Additional 
comparative clinical studies on the outcomes of ce-
mentation procedures are warranted. 

A long-lasting and stable composite resin adhe-
sive bond relies on a properly etched prosthetic sub-
strate on one side and tooth surface on the other. 
Hydrofluoric acid etching modifies the topography of 
the surface of glass-matrix ceramic restorations, cre-
ating very effective micro-retentions, which allow the 
restoration to be cemented reliably with composite 
resin luting materials. In addition, etching can remove 
surface damage in particle-filled glasses caused by 
adjustments or sandblasting and allows for the cre-
ation of a thin but likely significant graded layer on the 
intaglio surface. At specific concentrations, exposure 
times, and temperatures, hydrofluoric acid also etches 
and modifies the surface topography of dental zirco-
nia (eg, 9.5% at 25°C for 1 hour), although it results 
in tetragonal to monoclinic phase transformation.17 
The impact of such surface topography changes on 
bond strength and fracture toughness warrants fur-
ther investigation. Nevertheless, this proposed ce-
ramic classification provides information regarding 
materials’ capabilities to be etched or not strictly ac-
cording to manufacturers’ current recommendations 
(see Table 1). Unfortunately, the resin-matrix ceram-
ics group suffers from lack of information regarding 
the etching aspect because few manufacturers have 
clarified whether these materials should or should not 
be etched. 

Lastly, it is interesting to know manufacturers’ rec-
ommendations regarding the clinical indications of 
the material they produce, recognizing that, in gen-
eral, they will be on the side of a cautionary and safe 
approach. This is why, for example, lithium disilicate is 
not recommended for the fabrication of resin-bonded  
prostheses at the moment, either with one or two 
wings, even though there are a number of publica-
tions41–44 documenting this application. Once again, 
Table 1 summarizes the clinical indications as stated 
by the manufacturers. Although the authors have in-
cluded resin-matrix materials in the classification, 
they are reluctant to support its widespread use un-
til long-term clinical studies looking at effectiveness 
have been reported. 

Conclusions

The proposed classification system organizes all-
ceramic and ceramic-like materials into three groups: 
(1) glass-matrix ceramics, (2) polycrystalline ceram-
ics, and (3) resin-matrix ceramics. This system allows 
for recently introduced prosthetic materials to be ac-
curately categorized.

Acknowledgments

The authors would like to acknowledge the contributions by 
Thomas Schaffner of Ivoclar Vivadent and Dr Richard P. Rusin of 
3M ESPE. This study was made possible by the National Council 
for Scientific and Technological Development (CNPq), grant no. 
309475/2014-7. The authors reported no conflicts of interest re-
lated to this report.

References 

 1. McLean JW, Hughes TH. The reinforcement of dental porcelain 
with ceramic oxides. Brit Dent J 1965;119:251–267.

 2. Helvey GA. Classifying dental ceramics: Numerous materials 
and formulations available for indirect restorations. Compend 
Contin Educ Dent 2014;35:38–43.

 3. Anusavice KJ, Shen C, Pawls HR. Phillips’ Science of Dental 
Materials, ed 12. St Louis: Saunders, 2012.

 4. Guess PC, Schultheis S, Bonfante EA, Coelho PG, Ferencz JL, 
Silva NR. All-ceramic systems: Laboratory and clinical perfor-
mance. Dent Clin North Am 2011;55:333–352.

 5. O’Brien WJ (ed). Dental Materials and Their Selection, ed 4. 
Chicago: Quintessence, 2008.

 6. Sakaguchi RL, Powers JM (eds). Craig’s Restorative Dental 
Materials, ed 13. Philadelphia: Mosby, 2012.

 7. McLaren EA, Phone TC. Ceramics in dentistry—Part I: Classes 
of materials. Inside Dent 2009;5:94–103.

 8. Shenoy A, Shenoy N. Dental ceramics: An update. J Conserv 
Dent 2010;13:195–203.

 9. Giordano R, McLaren EA. Ceramics overview: Classification 
by microstructure and processing methods. Compend Contin 
Educ Dent 2010;31:682–684,686,688.

10. Martin MP. Material and clinical considerations for full-cov-
erage indirect restorations. Compend Contin Educ Dent 2012; 
33:2–5.

11. Kelly JR, Benetti P. Ceramic materials in dentistry: Historical 
evolution and current practice. Aust Dent J 2011;56(suppl 1): 
84–96.

12. Miyazaki T, Nakamura T, Matsumura H, Ban S, Kobayashi T. 
Current status of zirconia restoration. J Prosthodont Res 2013; 
57:236–261.

13. Rinke S, Fischer C. Range of indications for translucent zirconia 
modifications: Clinical and technical aspects. Quintessence Int 
2013;44:557–566.

14. Kim MJ, Ahn JS, Kim JH, Kim HY, Kim WC. Effects of the sinter-
ing conditions of dental zirconia ceramics on the grain size and 
translucency. J Adv Prosthodont 2013;5:161–166.

15. American Dental Association. CDT: Code on dental procedures 
and nomenclature. http://www.ada.org/en/publications/cdt/. 
Accessed March 17, 2015.

© 2015 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. 
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER. 



Volume 28, Number 3, 2015            235

Gracis et al

16. ESPE M. Website communication to dental professionals. 
http://solutions.3m.com/3MContentRetrievalAPI/BlobServlet?
lmd=1357744363000&locale=en_WW&assetType=MMM_Im
age&assetId=1319230699460&blobAttribute=ImageFile. 
Accesed March 17, 2015.

17. Sriamporn T, Thamrongananskul N, Busabok C, Poolthong S, 
Uo M, Tagami J. Dental zirconia can be etched by hydrofluoric 
acid. Dent Mater J 2014;33:79–85.

18. Scherrer SS, Quinn GD, Quinn JB. Fractographic failure analy-
sis of a Procera AllCeram crown using stereo and scanning 
electron microscopy. Dent Mater 2008;24:1107–1113.

19. Kim B, Zhang Y, Pines M, Thompson VP. Fracture of porcelain-
veneered structures in fatigue. J Dent Res 2007;86:142–146.

20. Green DJ, Hannink RH, Swain MV. Transformation Toughening 
of Ceramics. Boca Raton, Florida: CRC, 1989.

21. Garvie RC, Hannink RH, Pascoe RT. Ceramic steel? Nature 
1975;258:703–704.

22. Piconi C, Maccauro G. Zirconia as a ceramic biomaterial. 
Biomaterials 1999;20:1–25.

23. Chevalier J, Gremillard L, Virkar AV, Clarke DR. The tetragonal-
monoclinic transformation in zirconia: Lessons learned and 
future trends. J Am Ceram Soc 2009;92:1901–1920.

24. Chevalier J, Grandjean S, Kuntz M, Pezzotti G. On the kinet-
ics and impact of tetragonal to monoclinic transformation in 
an alumina/zirconia composite for arthroplasty applications. 
Biomaterials 2009;30:5279–5282.

25. Roualdes O, Duclos ME, Gutknecht D, Frappart L, Chevalier 
J, Hartmann DJ. In vitro and in vivo evaluation of an alumina-
zirconia composite for arthroplasty applications. Biomaterials 
2010;31:2043–2054.

26. Abi CB, Emrullahoglu OF, Said G. Microstructure and mechani-
cal properties of MgO-stabilized ZrO2-Al2O3 dental compos-
ites. J Mech Behav Biomed Mater 2013;18:123–131.

27. Claussen N. Fracture toughness of Al2O3 with an unstabilized 
ZrO2 dispersed phase. J Am Ceram Society 1976;59:49–51.

28. Kern F, Palmero P. Microstructure and mechanical properties of 
alumina 5 vol% zirconia nanocomposites prepared by powder 
coating and powder mixing routes. Ceram Int 2013;39:673–682.

29. Naglieri V, Palmero P, Montanaro L, Chevalier J. Elaboration 
of alumina-zirconia composites: Role of the zirconia content 
on the microstructure and mechanical properties. Materials 
2013;6:2090–2102.

30. Tanaka K, Tamura J, Kawanabe K, et al. Ce-TZP/Al2O3 nano-
composite as a bearing material in total joint replacement.  
J Biomedical Mater Res 2002;63:262–270.

31. Ban S. Reliability and properties of core materials for all-ce-
ramic dental restorations. Jpn Dent Sci Rev 2008;44:3–21.

32. Takano T, Tasaka A, Yoshinari M, Sakurai K. Fatigue strength 
of Ce-TZP/Al2O3 nanocomposite with different surfaces. J Dent 
Res 2012;91:800–804.

33. Zhang Y, Sun MJ, Zhang D. Designing functionally graded ma-
terials with superior load-bearing properties. Acta Biomater 
2012;8:1101–1108.

34. Zhang Y, Chai H, Lawn BR. Graded structures for all-ceramic 
restorations. J Dent Res 2009;89:417–421.

35. Zhang Y, Kim JW. Graded structures for damage resistant and 
aesthetic all-ceramic restorations. Dent Mater 2009;25:781–790.

36. Zhang Y, Ma L. Optimization of ceramic strength using elastic 
gradients. Acta Mater 2009;57:2721–2729.

37. Kim JW, Liu L, Zhang Y. Improving the resistance to sliding 
contact damage of zirconia using elastic gradients. J Biomed 
Mater Res B Appl Biomater 2010;94:347–352.

38. Ahlberg JP, Kovero OA, Hurmerinta KA, Zepa I, Nissinen MJ, 
Könönen MH. Maximal bite force and its association with signs 
and symptoms of TMD, occlusion, and body mass index in a 
cohort of young adults. Cranio 2003;21:248–252.

39. Denry IL. Restorative materials–Ceramics. In: Powers JM, 
Sakaguchi RL (eds). Craig’s Restorative Dental Materials, ed 
12. St Louis: Mosby, 2006:253–275. 

40. Gehrt M, Wolfart S, Rafai N, Reich S, Edelhoff D. Clinical results 
of lithium-disilicate crowns after up to 9 years of service. Clin 
Oral Investig 2013;17:275–284.

41. Ries S, Wolz J, Richter EJ. Effect of design of all-ceramic resin-
bonded fixed partial dentures on clinical survival rate. Int J 
Periodontics Restorative Dent 2006;26:143–149.

42. Kern M, Sasse M. Ten-year survival of anterior all-ceramic resin-
bonded fixed dental prostheses. J Adhes Dent 2011;13:407–410.

43. Sasse M, Eschbach S, Kern M. Randomized clinical trial on 
single retainer all-ceramic resin-bonded fixed partial dentures: 
Influence of the bonding system after up to 55 months. J Dent 
2012;40:783–786.

44. Sailer I, Bonani T, Brodbeck U, Hämmerle CH. Retrospective 
clinical study of single-retainer cantilever anterior and poste-
rior glass-ceramic resin-bonded fixed dental prostheses at a 
mean follow-up of 6 years. Int J Prosthodont 2013;26:443–450.

Literature Abstract

Tooth loss and atherosclerosis: The Nagahama study

Cardiovascular disease (CVD) has been associated with oral disease in several studies that have shown a link, although a significant 
relationship could not be elicited in several other studies. Inflammation is central to the pathogenesis of both CVD and oral disease, 
such as periodontal disease, which can cause tooth loss. Therefore, this study attempted to investigate the relationship between 
tooth loss and arterial stiffness, which is a measure of CVD, using baseline survey data from a Japanese cohort. Cross-sectional 
data were collated from 8,124 adult residents (30 to 74 years of age) of Nagahama City. The cardio-ankle vascular index (CAVI) 
was used to assess arterial stiffness, while tooth loss was assessed with examination of the oral cavity by one of two dentists. 
Congenitally missing, impacted, and third molar teeth were excluded from counts, and subjects who reported tooth loss due to 
orthodontic treatment, malpositioning, and trauma were excluded. The association between CAVI and tooth loss was assessed using 
general linear models adjusted for age, sex, body mass index, smoking, elevated glycated hemoglobin levels (HbA1c), and insulin 
or hypoglycemic use. Results of multiple regression analysis showed a significant correlation between CAVI and tooth loss only 
for males. This may be explained by estrogen and its beneficial effects on the cardiovascular system. Due to limitations of a cross-
sectional study, such a correlation should not be taken to be a causal relationship.
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