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Abstract
Translucent monolithic zirconia is the newest option of zirconia-based ceramics, which aimed to substitute the opaque classic 
yttria-stabilized tetragonal zirconia polycrystal (Y-TZPs) in more demanding esthetic cases. 
The aim of this review was to assess the available literature regarding the optical, chemical and mechanical properties of trans-
lucent zirconia ceramics. 
This systematic review was developed according to the PRISMA (Preferred Reporting Items for Systematic Review and Me-
ta-analysis) guidelines. An electronic literature search was undertaken through Medline (National Library of Medicine) via 
PubMed to identify relevant articles, published in the interval 2010-2018. The search was limited to the English language pub-
lications, in vitro studies of color and microstructure of translucent zirconia material.
Yttria-stabilized tetragonal zirconia polycrystals (Y-TZPs) has excellent mechanical properties, but its intense white color 
and high opacity represent an esthetic limit. Cubic zirconia represents a new generation of dental ceramics with molecular 
structure and physical properties different from the conventional zirconia. Dental manufacturers created new formulations of 
this restorative material, introducing new cubic varieties of zirconia with improved optical properties. Translucent monolithic 
zirconia provides a new restorative option that combines strength with improved esthetics, due to its increased translucency. 
Translucent zirconia is indicated for anterior and posterior restorations but should be used carefully for discolored teeth, be-
cause the background color can affect the final esthetic appearance of the restoration. 
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Introduction
Achieving a natural appearance of an artificial restoration is a demanding process, due to 
the complex optical characteristics of teeth (1). Over the years, metal-ceramic restorations 
have been considered the gold standard in dentistry, due to their increased strength and 
long-term longevity (2). The esthetic appearance of these restorations is influenced by the 
alloy used (base, noble or high noble) and its color (yellow or gray) (3), but also by the 
thickness, color and intrinsic translucency of layering ceramics. The esthetic outcome is 
also highly influenced by the marginal design; a metal-ceramic butt margin may not provide 
ideal light transmission, with greying or shadowing appearance at the cervical margin (4). 

The esthetic requirements of dental patients have been increased overtime; as a result, 
a great variety of all ceramic systems have been introduced on the market (1, 2). Based 
on their chemical composition, ceramic materials can be classified into three categories: 
glass-matrix ceramics, polycrystalline ceramics and resin-matrix ceramics.

Glass ceramics (feldspathic, leucite-reinforced glass ceramics, lithium disilicate glass 
ceramics) are composed of a glass matrix containing dispersed crystalline minerals (feld-
spar, silica, alumina) (5,6). These systems are recommended for esthetic restorations due 
to their increased translucency. However, these systems have limited capacities to conceal 
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a discolored abutment (7). Also, their mechanical properties 
such as fracture toughness and flexural resistance are lower 
compared with those of other ceramic materials. 

Glass-infiltrated ceramics are glass-matrix ceramics, com-
posed of infiltrating molten glass with partially sintered oxides 
such as alumina, magnesia-alumina, and alumina-zirconia. 
This system is only used in combination: a core of glass-in-
filtrated ceramics with relatively high opacity that provides 
strength and allows the masking of discolored abutments, and 
a more translucent layering ceramics (8). The translucency of 
this material varies, depending on the type and amount of ox-
ide particles; the inclusion of zirconia limits its indication as a 
material used in esthetic demanding cases. 

Oxide ceramics are polycrystalline ceramics without a glassy 
phase and having all the particles densely packed. These materials 
are the toughest ceramics used in dentistry, their flexural strength 
and toughness are higher than the other ceramic systems. 

Densely sintered aluminum-oxide (Procera Alumina, Nobel 
Biocare) was the first material introduced on the market. It has 
been used for anterior and posterior full ceramic restorations; 
it is recommended in clinical cases where average translucen-
cy is needed (9, 11). Another oxide ceramic is yttria-stabilized 
tetragonal zirconia polycrystals (Y-TZPs). Y-TZP presents su-
perior mechanical proprieties, and it is indicated for the milling 
of anterior and posterior copings, full ceramic crowns, copings, 
and frameworks for fixed partial dentures (12-14). 

Zirconia is a material that can exist in three crystalline phas-
es: tetragonal, monoclinic and cubic (15). Pure zirconia has a 
cubic structure at temperatures above 2,370 ºC (16,17), with 
the crystals in the form of a cube with square sides and possess-
es moderate mechanical properties (18, 19). 

The tetragonal phase occurs at temperatures between 1,170 
ºC and 2,370 ºC (16), crystals have the form of straight prisms 
with rectangular sides, having the best mechanical properties 
(18, 19). The monoclinic phase occurs at room temperatures 
to 1,170ºC (16,17), has a deformed parallelepiped shape and 
possesses the weakest mechanical properties (18, 19). Zirconia 
undergoes a tetragonal to monoclinic phase transformation 
when cooling down from high temperatures after sintering, 
which makes the sintered material unstable (20). This results in 
a 3% to 5% expansion in the grains volume (21), which result 
in surface roughening, micro-cracking and deterioration of the 
mechanical characteristics (22-26). 

However, this dimensional change of the grains creates com-
pressive stress that inhibits crack propagation, a phenomenon 
that is called transformation toughening (27, 28). In stabilisa-
tion of the tetragonal zirconia at room temperature, to control 
phase transformation, different metal oxides can be added to 
the crystalline structure (29, 30).

Resin-matrix ceramics are dental ceramics composed of 
an organic matrix combined with ceramic fillers. The hybrid 
ceramic is a new category of restorative material, with a dual 
structure: the ceramic network structure is reinforced with a 
polymer network structure. 

The esthetic value of a metal free restoration is based on its 

optimal shade and translucency with the addition of form and 
surface texture to mimic the natural tooth. Compared to the 
glass-ceramics, zirconia has a whitish opaque appearance (31), 
due to its poor light transmission and high reflectance.

The optical properties of teeth and dental materials include 
color (hue, value, and chroma), translucency, opalescence, flu-
orescence, iridescence. Hue is the basic color; for the tooth, it 
ranges in the yellow-orange tones. Saturation is the intensity of 
the chromatic pigment; value is the reflected light. Translucency 
is one of the most important factors involved in the natural aspect 
of restorations; it is paramount important in the selection of ma-
terials (32,33); it is the ability of the material to permit the passage 
of the light. Highly translucent teeth or restorations tend to be 
lower in value; more opaque teeth or restorations, due to their 
increased capacity of reflecting the light, appear brighter (34).

Translucency of zirconia is dependent on: the size and shape 
of the constituent crystals (35,36), the quantity and type of ad-
ditives (37), the heating methods, temperature and atmospher-
ic conditions used for sintering (35, 38, 39) and the inclusion of 
pores which influence light scattering (40). 

Translucent monolithic zirconia is the most recently de-
veloped zirconia material for anterior and posterior res-
torations. This material combines the strength of zirconia 
with improved esthetics because of its higher translucency. 

Purpose
The aim of this systematic review was to gather information re-
garding chemical, mechanical and optical proprieties of trans-
lucent zirconia ceramic material for dental use. 

The systematic review was structured according to the PRIS-
MA (Preferred Reporting Items for Systematic Review and Me-
ta-analysis guidelines. An electronic research was undertaken 
through Medline (National Library of Medicine) via PubMed 
to identify relevant articles. The following keywords were used: 
“monolithic zirconia”, “translucent zirconia”, “color”, “optical 
proprieties”, “light scattering”, “light transmission”. The search 
was limited to the English language; studies published in the 
interval 2010-2018 were included in the review. 

Structure and optical properties of translucent zirconia
Various types of zirconia are available for dental applications, 
including partially stabilized zirconia (PSZ), tetragonal zirco-
nia polycrystal (TZP), zirconia toughened alumina (ZTA) and 
fully cubic stabilized zirconia (CSZ) (41-44). The first version 
of conventional zirconia, one of the most used dental ceram-
ic material (45), was the high-strength tetragonal crystalline 
phase, stabilized with 3 mol% yttria (3Y-TZP) and enhanced 
with 0.25% alumina, to minimize the low temperature degra-
dation (45,46). Conventional zirconia has excellent strength, 
but poor translucency. 

Dental manufacturers tried to satisfy the interest for 
higher esthetic monolithic zirconia ceramics by cre-
ating unique formulations of this restorative materi-
al (44). As a result, new translucent variants of zirconia 
have been developed with improved optical properties. 
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Methods suggested to increase the translucency of zirconia
One of the methods of increasing zirconia translucency con-
cerned decreasing the alumina content below 0.05%, which did 
not influence significanly the mechanical properties of the ma-
terial. However, no important increase in translucency has been 
generated with this process (47). Another approach of improving 
zirconia translucency was increasing the lanthanum oxide con-
tent to 0.2% mol (48). 

Grain size and sintering temperatures influence also the 
translucency of zirconia (49-51). Grain size and shape is asso-
ciated with a delay in low temperature degradation caused by 
inhibition of the transformation from the tetragonal phase to the 
monoclinic phase, with consequences on translucency and me-
chanical properties(35, 36).

Due to its birefringent nature, tetragonal zirconia has high 
opacity. The index of refraction is anisotropic in different crys-
tallographic directions, inducing reflection and refraction phe-
nomena at grain boundaries and reducing light transmittance 
(48). Therefore, a new approach to increase the translucency 
of zirconia was to develop an isotropic cubic zirconia material, 
which decreases light scattering from birefringent grain bound-
aries (48). This was achieved by using an increased percentage of 
yttria to stabilise zirconia composition, resulting in a 10 to 15% 
cubic crystalline zirconia phase interposed with the tetragonal 
phase (47).

Translucent zirconia is definitely more translucent than con-
ventional zirconia, due to reduced grain size and increased den-
sity of the material (52). An opaque polycrystalline ceramic can 
be made translucent when reducing the grain sizes to sub-mi-
cron or nano-scale (38,53). To decrease the scattering of the light 
and, by this, to gain translucency, the grain size of translucent 
zirconia should be less than the visible wavelength, which is in 
the range of 400-700 nm. The translucency increases by main-
taining zirconia grain size small, ideally under 100 nm, and 
through eliminating defects such as oxygen particles and pores 
(48). However, extremely small grain sizes (in range of 200 nm) 
can affect the transformation toughening mechanism of zirco-
nia. This would produce a decrease in strength and resistance to 
fracture of translucent zirconia (21).

Kim et al. (54) reported that the sintering time affects the grain 
size of zirconia ceramic. They concluded that a short sintering 
time yields small grain size and increases the light transmittance 
values of translucent zirconia ceramic. However, the transmit-
tance increases with the rising of the sintering temperature (from 
1350 to 1550 ºC) and the zirconia polycrystalline structure be-
comes more compact, with a decreased porosity (54,55).

To increase the translucency of zirconia, residual pores and 
impurities had to be decreased because they represent volumes 
with differences in the refractive index which led to optical scat-
tering on the surface of zirconia, resulting in reduction of trans-
lucency (13,56). Pores and pore density have a great influence on 
light scattering in zirconia ceramics, mainly when they are com-
parable in size with the wavelengths of visible light (400-700nm). 
Due to the typical pore size (in the range of 200-400nm) and 
pore density (0,05%), conventional zirconia ceramic has a poor 

translucency appearance (48). The translucent zirconia shows a 
minimal nano-sized porosity (52). 

Mechanical properties of translucent zirconia
The new translucent zirconia has a molecular structure different 
from a conventional zirconia, which result also in variations of 
the physical properties: flexural strength and fracture resistance. 
Cubic zirconia has lower flexural strength (ranging between 600 
to 800 MPa) than tetragonal zirconia (which is 1000-1200 MPa); 
it can be stated that its flexural strength is  higher than that of IPS 
e.max lithium disilicate (Ivoclar Vivadent) which is 460 MPa, but 
it is lower than conventional zirconia (58). However, the flexural 
strength of monolithic translucent zirconia restorations is higher 
than that of core ceramics stratified with layering porcelain (59, 
60, 61, 62). 

Cubic zirconia does not have the capability to perform a 
tetragonal to monoclinic phase transformation as tetragonal zir-
conia. When a fissure is initiated, tetragonal zirconia undergoes 
inner volumetric transformation which results to stop the crack 
propagation, which is not the case for cubic zirconia. The current 
changes in formulation that result in more esthetic appearance 
have not only lowered flexural strength from 1000 to 600 MPa, 
but also have eliminated the unique transformation toughening 
that gives zirconia its toughness and resistance to fracture (63). 
Although, the resistance to fracture of cubic zirconia is higher 
than that of porcelain-veneered crowns or lithium disilicate res-
torations (64,65), this ceramic is indicated in less-bearing clinical 
situations (66). The manufacturers claim that the great innova-
tion in the formula was developed at the powder stage, before 
discs or blocks for CAD-CAM technology were designed. 

Clinical characteristics for restorations with translucent 
zirconia 
Due to their inherent translucency, all-ceramic systems allow 
dentists and laboratory technicians to fabricate restorations that 
are similar to natural teeth. Translucency was identified as one 
of the primary factors in controlling esthetics (32, 33), and this 
property is critical in the selection of ceramic materials.

Due to its opacity, zirconia had as major indication the cop-
ings, which are further stratified with translucent porcelain. 
Compared with the coping of metal-ceramic restorations, zirco-
nia core is whitish; the ceramic layer may be more translucent, 
allowing the zirconia core to show through it. 

However, a common problem of ceramics layered upon a 
coping is the high rate of chipping. The risk of ceramic fracture 
and chipping was reduced by introducing the monolithic zirco-
nia restorations. It is claimed that monolithic zirconia restora-
tions require less tooth structure reduction in comparison with 
metal-ceramic. The flexural strength and fracture toughness of 
monolithic zirconia reduce the potential for chipping and frac-
tures. However, the cubic zirconia is not indicated for posteri-
or bridges with more than three units (64). Therefore, the new 
blocks of zirconia ceramics are indicated for creating, by CAD-
CAM technique, anterior restorations and full-mouth rehabil-
itations (44).
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Configuration and optical outcome of monolithic zirconia 
restorations
As any modern restorations, zirconia monolithic partial or full 
crowns aim to improve shape, function, and color of the tooth. 

It was shown that the thickness of the restoration affects the 
light transmission through ceramics. By reducing the thickness 
of the restoration, the material would be more translucent and 
natural-looking, but less fracture resistant. On the contrary, 
by increasing the thickness, the esthetic and the translucency 
would be decreased, but the strength and resistance to stress 
would be increased (67).

Monolithic zirconia restorations can be used as an alternative 
to conventionally veneered zirconia, due to their increased me-
chanical properties even at a minimal thickness (60,68,69,70). 
For clinical use, the thickness for conventional monolithic zir-
conia restorations could be considered 0,5-0.75 mm. The new 
translucency zirconia exhibits favorable mechanical properties 
and esthetic performance at 0,5-1mm (67).

Conventional zirconia has excellent strength, but its color is 
white and opaque as chalk; to individualize the color and trans-
lucency of a natural tooth, it is required important post-milling 
work, like stratification of feldspathic porcelain. The introduc-
ing of translucent zirconia blocks, which are directly milled 
into monolithic restorations has been one of the most challeng-
ing innovation of the last decade in dentistry. 

In addition, the translucent zirconia discs are provided in a 
high range of colors, which reduces the need of surface stains. 
Translucent zirconia discs have been developed beyond simply 
achieving optimal translucency and color that match the VITA 
Classical Shade Guide. Initially, even high-translucency zirconia 
restorations were stained and glazed after milling to gain a nat-
ural appearance for the frontal teeth; more recently, preshaded, 
multilayer and high-translucent zirconia discs have been devel-
oped, to mimic the gradient in color and translucency along the 
dental crown from the incisal to the cervical portion, as well as 
between the dentin and the enamel layers. In addition, custom-
ised staining and extrinsic characterisation can be used (44). 

For the full ceramic restorations, it is important to take also 
into account the color of the tooth to be restored; in the case of 
a dichromic condition, the material has to mask the dark sub-
strate. In this respect, the teeth without discoloration are bet-
ter restored with a more translucent zirconia, while dichromic 
teeth would need a more opaque zirconia ceramic restoration. 

High translucency zirconia is indicated for thin, limited res-
torations as laminate veneers and partial crowns. This material 
might be appropriate for replacing enamel, without a non-nec-
essary increase in dental volume. However, too much translu-
cency must be avoided because the restoration might appear 
greyish (71).

Medium translucency zirconia is indicated for dentin re-
placement but is not recommended for enamel replacement, 
and the veneering process will be necessary for a good aesthetic 
result (72).

Low translucency zirconia might be indicated as a core ma-
terial for dentin replacement. The high opacity zirconia might 

be indicated to mask the underlying abutment, like discolored 
teeth, metal post or metallic abutment. 

Due to its translucency, the esthetic appearance of translu-
cent zirconia restoration can be affected by the discromic back-
ground. But, the final color of a translucent restoration is also 
affected by the luting cement (72, 73). However, the thickness 
of translucent zirconia restoration and cement shade has an ob-
vious effect on the final color. 

Configuration of the abutments for monolithic zirconia 
restorations
All ceramic restorations have an optimal aesthetic appearance 
when tooth preparation is accurately performed. This involves 
a minimally invasive preparation, with the highest preservation 
of the remaining natural dental structure. For conventional 
all-ceramic restorations, the tooth reduction for the occlusal 
clearance would be 2mm and for proximal and axial clearance 
1,5mm (74). However, for the cubic monolithic zirconia resto-
rations a clearance of 0,5-1mm is needed, according to a specif-
ic clinical situation. 

The finish line design for a monolithic zirconia restorations 
is rounded shoulder or light chamfer of 0,5mm width (75). The 
framework design has a great influence on fracture resistance 
of a translucent monolithic zirconia bridge. Therefore, to ob-
tain the same resistance to fracture, the connector area of two 
translucent zirconia crowns should measure 9 mm2, compared 
to the connector area of lithium disilicate restorations of 16 
mm2 (76).

Polishing and glazing of monolithic zirconia restorations
The surface roughness of monolithic zirconia restorations 
could cause the wear on enamel of antagonists. Mitov et al re-
ported in their study that rough monolithic zirconia restora-
tions produce more wear of the antagonist enamel than pol-
ished  monolithic crowns (77). 

Stawarczyk et al found in their study that glazed monolith-
ic translucent zirconia restoration presents the most abrasive 
ceramic surface for antagonist enamel, while the polished zir-
conia is the least abrasive (78).  Mundhe et al have shown that 
polished zirconia restorations cause less tooth structure wear of 
the opposing enamel than feldspathic ceramics (79).  Janyavula 
et al compared in their study the roughness of polished, glazed, 
polished and glazed veneered monolithic zirconia restorations 
(80). They conclude that polished zirconia had the smoothest 
ceramic surface.

However, other studies showed that polished translucent zir-
conia restorations present very smooth surface. Therefore, the 
ceramic surface of these dental materials is less abrasive when 
compared with other ceramic systems, like lithium disilicate (81).

In some clinical situations, after CAD/CAM milling, the 
monolithic restoration has the basic contours, without a natu-
ral texture. For achieving the most natural look, texturizing can 
be performed by the dental technician using a specific protocol. 
McLaren showed in his study that only by glazing the translu-
cent zirconia it can not be achieved a natural look of the res-



49The EuroBiotech Journal

toration (82). He suggested that polishing procedures provide 
a more natural, realistic appearance, compared to glazed ones. 
Nevertheless, the are clinical situations, when for achieving a 
more natural look, surface staining pigments can be used to 
create individualized characterisation (76).

After delivery in dental office and performing the try-in pro-
cedures, some adjustment of monolithic zirconia restorations 
may be needed. The clinical occlusal adjustment  can be done 
by using a conventional diamond bur or a special instrument 
with diamond grit, under water cooling. However, dental man-
ufacturers suggest performing the crowns  occlusal adjustment 
or contour modifications, before the sintering process, in order 
to achieve the desired natural appearance of the restorations 
and to avoid microroughness (82). 

Cementation of monolithic zirconia restorations
Resin cements are the most used dental materials for cemen-
tation of full ceramic restorations, because they have good es-
thetics, low solubility, high strength and mechanical resistance. 
Dual-cure resin cements with phosphate or carboxylate groups 
are the best choice for bonding zirconia restorations. To in-
crease the bond strength, the zirconia crowns are sandblasted, 
usually with oxide aluminium particles (64). 

Lawson et al concluded in their study that sandblasting the 
cubic zirconia restorations with alumina particles, does not 
weak the material, and it is recommended for an increased 
bond strength. He also suggested not to sandblast the zirconia 
crowns when they are cemented with resin-modified glass ion-
omer cement (82).

Blatz et al related that resin bonding cementation increases 
the strength of ceramic materials and it is highly indicated, to 
avoiding fractures, when bonding very thin translucent zirco-
nia restorations. He also suggested using a zirconia primer for 
increasing the bond strength (83).

However, due to translucency of translucent zirconia resto-
ration, the final color can be affected by the shade of the luting 
cement. Try-in paste cement can be very helpful when choos-
ing the shade of luting resign cement (84).  Considering the 
increased esthetic demand of patients and dentists, choosing 
the right shade of dental ceramic materials and luting cements 
is an important process.

       
Conclusions
Within the limitations of the present study, the literature review 
showed that several factors can affect the properties of a resto-
ration made of translucent zirconia and the following conclu-
sions were drawn:

Translucent zirconia has a molecular structure and physical 
properties different from the conventional zirconia; it exhibits 
a decreased strength and resistance to stress. The optical and 
mechanical properties are influenced by factors such as grains 
and pores size and configuration of the crystals. 

This  material exhibits mechanical and esthetic properties 
in between the conventional zirconia and lithium disilicate. 
The preshaded and multilayered translucent zirconia blocks 

provide mechanical properties and good esthetics, being ap-
propriate to restore individual anterior teeth, but also in the 
construction of full-mouth rehabilitations. 

Polished translucent zirconia restorations cause less wear 
tooth structure of antagonist enamel than glazed ones or other 
ceramic materials.

The esthetic appearance of translucent zirconia restoration 
can be affected by the discolored background, and the luting 
cement. The thickness of translucent zirconia, as well as the ce-
ment shade and translucency has an important effect on the 
final color of the restoration. 
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