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Purpose: The aim of this study was to describe different designs of semimonolithic crowns 

made of translucent and high-translucent zirconia materials and to evaluate the effect on fracture 

resistance and fracture mode.

Methods: One hundred crowns with different designs were produced and divided into five 

groups (n=20): monolithic (M), partially veneered monolithic (semimonolithic) with 0.3 mm 

buccal veneer (SM0.3), semimonolithic with 0.5 mm buccal veneer (SM0.5), semimonolithic 

with 0.5 mm buccal veneer supported by wave design (SMW), and semimonolithic with 0.5 mm 

buccal veneer supported by occlusal cap design (SMC). Each group was divided into two 

subgroups (n=10) according to the materials used, translucent and high-translucent zirconia. 

All crowns underwent artificial aging before loading until fracture. Fracture mode analysis 

was performed. Fracture loads and fracture modes were analyzed using two-way ANOVA and 

Fisher’s exact probability tests (P≤0.05).

Results: SM0.3 design showed highest fracture loads with no significant difference compared 

to M and SMW designs (P>0.05). SM0.5 design showed lower fracture loads compared to 

SMW and SWC designs. Crowns made of translucent zirconia showed higher fracture loads 

compared to those made of high-translucent zirconia. M, SM0.3, and all but one of the SMC 

crowns showed complete fractures with significant differences in fracture mode compared to 

SMW and SM0.5 crowns with cohesive veneer fractures (P≤0.05).

Conclusion: Translucent and high-translucent zirconia crowns might be used in combination 

with 0.3 mm microcoating porcelain layer with semimonolithic design to enhance the esthetic 

properties of restorations without significantly decreasing fracture resistance of the crowns. 

If 0.5 mm porcelain layer is needed for a semimonolithic crown, wave design or cap design 

might be used to increase fracture resistance. In both cases, fracture resistance gained is likely 

to be clinically sufficient as the registered fracture loads were high in relation to expected loads 

under clinical use.
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Introduction
Yttrium oxide-stabilized tetragonal zirconia polycrystal material (Y-TZP) has become 

accepted over the past decades as a biocompatible restorative material,1 often considered 

to be the material of choice for many conditions in prosthetic dentistry.2 Generally, all 

ceramic systems based on Y-TZP can be found in the following two major designs: 

traditional bi-layered design and a more recent monolithic design.

Bi-layered Y-TZP design is relatively well documented with respect to both clini-

cal follow-up studies and laboratory studies.3–6 However, several clinical studies have 
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shown that despite the excellent mechanical properties of 

Y-TZP, superficial chip-off fracture in the veneering ceramic 

is a common clinical problem for this type of design.3–5 The 

reason for veneering Y-TZP restorations, in the traditional 

design, is that the optical properties of the material itself 

are poor,2,7 and the material needs to be veneered with a 

highly esthetic ceramic material to achieve an acceptable 

resemblance to natural tooth structure. Low-strength vitre-

ous ceramics, such as porcelain, are then fused to the high 

strength Y-TZP core material to combine the strength with 

better esthetic outcomes.7

Monolithic design, on the other hand, has been increas-

ingly popular over the last decade since it is believed to with-

stand high loads during function without the risk of chip-off 

fractures of veneering materials. To overcome the poor optical 

properties of the traditional Y-TZP material, translucent zir-

conia materials were developed for monolithic restorations,8 

often referred to as monolithic translucent zirconia. The first 

generation of translucent zirconia materials had mechanical 

properties comparable to the traditional Y-TZP with promis-

ing laboratory and short-term clinical studies.9–12

Recently, there were notable attempts for making high-

translucent monolithic zirconia to be used in highly esthetic 

clinical cases. Nevertheless, the translucency that can be 

gained without tampering with the strength of the material 

is very limited, and it is not possible to gain translucency 

above a certain level without losing the mechanical proper-

ties of the material to some extent.8,13,14 This new generation 

of high-translucent zirconia materials with scarce clinical 

data might be considered to be used with caution due to their 

low mechanical properties and doubtful aging stability.8,13,14 

Therefore, it would be desirable to maintain the strength of 

the translucent zirconia materials and still gain better esthetic 

outcomes without the risks that are associated with full 

veneering or the increased translucency of high-translucent 

zirconia.

Partially veneered monolithic (semimonolithic) crown 

design with porcelain coverage on the buccal area only might 

be a feasible method to overcome both the issues with chip-off 

fractures and the poor esthetics of full monolithic zirconia 

crowns. In this way, it might be possible to exclude the por-

celain on surfaces subjected to wear and high loads such as 

the occlusal tables and the marginal ridges. Such a design 

has become common today but is not always sanctioned in 

the manufacturers’ recommendations for the materials and is 

consequently used without the support from manufacturers’ 

instructions.15,16 Scientific studies on this subject are lacking.

Different alternative semimonolithic crown designs are, 

therefore, proposed and investigated in this study. They can 

be described as microcoating design, reduced veneer design, 

wave support design, and occlusal cap-like projection design; 

all are suggested to enhance the esthetics of the restoration 

without decreasing the overall strength. It has not yet been 

evaluated, however, which of the proposed designs that are to 

be recommended, or if the designs add strength to the crowns 

compared to monolithic ones.

Hence, the aim of the present study was to describe differ-

ent semimonolithic crown designs for translucent and high-

translucent zirconia materials and to evaluate their fracture 

resistance and fracture mode under the null hypothesis that all 

designs for both materials included would perform equally.

Methods
Study design
A total of 100 standardized crowns with different designs 

were produced and divided into five groups (n=20) (Figure 1): 

monolithic (M), partially veneered monolithic (semimono-

lithic) with 0.3 mm microcoated buccal veneer (SM0.3), 

semimonolithic with 0.5 mm buccal veneer (SM0.5), semi-

monolithic with 0.5 mm buccal veneer supported by wave 

design (SMW), and semimonolithic with 0.5 mm buccal 

veneer supported by occlusal cap design (SMC).

Each group was divided into two subgroups (n=10) 

according to the crown materials used, translucent zirconia 

(BruxZir® Solid Zirconia; Glidewell Dental Laboratories, 

Newport Beach, CA, USA) and high-translucent zirconia 

(Zirkon BioStar HT; Siladent, Goslar, Germany).

Production of crowns and abutment dies
A metal master die in the shape of a prepared molar, designed 

for an all-ceramic crown, was replicated by using a silicone 

impression material (President®; Coltene AG, Altstätten, 

Switzerland). The impression was poured with die stone 

(Vel-Mix; Kerr Corporation, Orange, CA, USA) to produce 

a master die. A wax-up of a full anatomical crown was 

fabricated on the master die. A double scan technique was 

then performed with a laboratory scanner (D900L; 3Shape, 

Copenhagen, Denmark) to create CAD files for both the 

wax-up crown and the master die. The semimonolithic crowns 

were designed with specific dimensions through the CAD 

software (Figure 1). The CAD data were sent to a certified 

milling center (Cosmodent AB, Malmö, Sweden) for the 

production of 100 zirconia crowns with different designs 

(Figure 2). In the same production step, 100 abutment dies 
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were milled from a polymer material (Polyoxymethylene; 

Nordbergs Tekniska AB, Stockholm, Sweden).

The crowns were veneered buccally with a compatible 

porcelain recommended by the manufacturer (IPS e.max 

Ceram; Ivoclar Vivadent, Schaan, Liechtenstein). A specially 

made knife was used to standardize the dimensions of the 

crowns in the different groups using a method that is used in 

previous studies.17,18 The porcelain was applied using specific 

brushes in several layers (liner, wash, dentin 1, dentin 2, 

glaze) according to the manufacturer’s recommendations. 

While applying the porcelain layers, the crown over the 

abutment was placed and fixated to the brass holder that was 

rotated manually, permitting the knife to carve the porcelain 

into the final shape (Figure 3). Each layer was separately fired 

in a calibrated furnace (Ivoclar P 500; Ivoclar Vivadent) at 

specific temperatures, again according to the manufacturer’s 

recommendations.

Artificial aging and cementation
All crowns underwent three steps of artificial aging: ther-

mocycling, storing in a 37°C moist environment and cyclic 

preload. The crowns were first subjected to 10,000 thermo-

cycles in a specially built thermocycling device containing 

two water baths at different temperatures, 5 and 55°C. Each 

cycle lasted for 60 seconds, 20 seconds in each bath, and 

10 seconds for transfer between the baths. In the present 

study, the crowns were subjected to thermocycling before 

cementation to prevent partly loose crowns during the preload 

and load to fracture tests since previous studies have shown 

the deleterious impact of the laboratory thermocycling on 

the integrity of bonding between the crown and cement.19

Before cementation, the abutment dies were air-abraded 

with 110 μm aluminum oxide at a pressure of 2 bar for 15 sec-

onds, at a distance of 10 mm perpendicular to the die surface 

to increase the surface area. The inner surfaces of the crowns 

were sandblasted using 50 μm aluminum oxide at a pressure 

of 2 bar, and then, they were rinsed with water according to 

the manufacturer’s recommendations as was suggested in a 

previous study by Shahin and Kern.20 After that, the crowns 

were cemented to the abutment dies with a compatible resin 

cement according to the manufacturers’ recommendation 

(Panavia F 2.0; Kuraray Medical Inc, Okayama, Japan). Dur-

ing the cement setting, all crowns were loaded in the direction 

of insertion with a load of 15 N for a period of 60 seconds.

After cementation, the specimens were stored in a plastic 

container inside an incubator (Memmert Incubator; Mem-

mert, GmbH, Schwabach, Germany) at a temperature of 37°C 

for 60 days. All specimens were wrapped in a wet paper to 

Figure 1 Illustrations showing dimensions of the crown designs.
Notes: The black line represents the interface between the core and the veneer. The arrows denote the local dimensions of the crowns. M, monolithic; SM0.3, semimonolithic 
with 0.3 mm buccal veneer; SM0.5, semimonolithic with 0.5 mm buccal veneer; SMW, semimonolithic with 0.5 mm buccal veneer supported by wave design; SMC, 
semimonolithic with 0.5 mm buccal veneer supported by occlusal cap design.
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create a moist environment like the oral cavity and to prevent 

desiccation of the luting cement.

In the final stage of artificial aging, the specimens 

underwent 10,000 cycles of preload at 30–300 N in the 

form of a sine wave of 1 Hz. The specimens were mounted 

submerged in water at 10° inclination relative to the vertical 

plane in preloading machine (MTI Engineering AB, Lund, 

Sweden/Pamaco AB, Malmö, Sweden) as was suggested 

in previous laboratory studies.17,18 The load was applied at 

the highest point of the inner buccal cusp inclination by a 

stainless steel ball with a diameter of 4 mm (Figure 4). A 

0.2-mm thick plastic foil (PE-Baufolie, Probau; Bauhaus, 

Zug, Switzerland) was placed between the ball and the crown 

Figure 2 Different crown designs shown: (A) in the CAD software and (B) after milling and sintering.
Notes: M, monolithic; SM0.3, semimonolithic with 0.3 mm buccal veneer; SM0.5, semimonolithic with 0.5 mm buccal veneer; SMW, semimonolithic with 0.5 mm buccal 
veneer supported by wave design; SMC, semimonolithic with 0.5 mm buccal veneer supported by occlusal cap design.

M

A

B

SM0.3

SMW SMC

SM0.5

Figure 3 Porcelain build-up step.
Note: The crown with abutment placed on the brass holder, and the specially made 
knife was used to standardize dimensions of semimonolithic crowns.

Figure 4 Test set-ups used for: (A) cyclic preload and (B) load to fracture. 
Note: During the test, the crowns were submerged in water, and a plastic foil was 
used to spread the load evenly over loaded surfaces.

A B
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during preloading to distribute the loading forces evenly as 

was suggested by Kelly.21

In the present study, artificial aging was used to mimic 

the aging procedure in the clinical situation to evaluate its 

effect on the fracture resistance of the crowns. There is no 

consensus about what constitutes the optimal artificial aging 

procedure in respect of the number of cycles, temperature 

range, or storage time.22,23 In this study, thermocycling and 

preload tests were adopted from previous studies conducted 

by the same research group to enable comparisons.24,25

Load to fracture
After artificial aging, all specimens were loaded to fracture 

by using a universal testing machine (Instron 4465; Instron 

Co. Ltd, Norwood, MA, USA). The same test setup as during 

cyclic preload was used for this step, but the load was applied 

at the highest point of the inner buccal cusp inclination of the 

crown, with a special indenter designed to accommodate this 

inclination to prevent sliding movement at load (Figure 4). 

The crosshead speed was 0.255 mm/min. Load at fracture was 

registered, and the fracture was defined as an apparent crack in 

the crown, a load drop, or an acoustic event, whichever came 

first. The acoustic event was ascertained by hearing a crack-

ing sound that is convoyed by the changes in the load-path 

graph on a computer that is connected to the testing machine.

Analysis of fracture mode
The fracture surfaces of the crowns were assessed by one 

examiner. A gross visual and microscopic assessments (Wild 

M3; Wild Heerbrugg, Heerbrugg, Switzerland) were per-

formed to classify the fracture mode into: adhesive (denoting 

fracture in the interface between the veneer and the core), 

cohesive (denoting fracture within the buccal veneer, ie, 

chipping), or complete (denoting the fracture of both the 

veneer and the core).

Statistical analysis
The differences in fracture load data among the tested groups 

were analyzed using a two-way ANOVA, followed by Tukey’s 

post hoc test (IBM SPSS Statistics 22; SPSS Inc., Chicago, 

IL, USA). Fracture mode was analyzed using Fisher’s exact 

probability test. Results were considered statistically signifi-

cant at 5% level of significance (P≤0.05).

Results
Fracture load
There were significant differences in fracture load among 

the groups depending on the materials used and the different 

designs tested (P≤0.05) (Figure 5). Generally, crowns made 

of translucent zirconia showed higher fracture loads com-

pared to those made of high-translucent zirconia, regardless 

of design (P<0.001). Regarding design, the semimonolithic 

groups with 0.3 mm microcoated buccal veneer (SM0.3) 

showed the highest fracture loads of all the other semimono-

lithic groups, with no significant difference compared to the 

M and SMW groups (P>0.05). The crowns in the SM0.5 

group showed significantly lower fracture loads compared 

to the crowns in the SMW and SMC groups. By comparing 

the designs in both materials used: the M, SM0.3, and SMW 

groups of translucent zirconia showed significantly higher 

fracture loads compared to all the groups of high-translucent 

zirconia. There was no significant difference between the M 

group of high-translucent zirconia compared to the SMC and 

SM0.5 groups of translucent zirconia.

Fracture mode
There were substantial differences among the groups, based 

on the designs, in the way that the crowns fractured. Two frac-

ture modes were seen visually and under the light microscope: 

complete fracture and cohesive veneer fracture (Figure 6). All 

crowns in the M and SM0.3 groups (100%), and all but one 

of the crowns in the SMC groups (95%) showed complete 

fractures with significant differences (P≤0.05) in the fracture 

mode compared to the crowns in the other two groups (SMW 

and SM0.5). The SMW and SM0.5 groups showed (70 and 

55%, respectively) cohesive veneer fractures (Figure 7). None 

of the tested crowns showed an adhesive fracture.

Discussion
The null hypothesis assuming that crowns with different 

semimonolithic designs of both translucent and high-trans-

lucent zirconia materials would have equal fracture loads was 

rejected. The results showed that the semimonolithic crowns 

with a microcoating porcelain layer withstood the highest 

fracture loads among the semimonolithic crowns tested, 

close to the loads seen in the monolithic crowns with no 

statistical differences in these two crown designs. The results 

in the groups with semimonolithic wave design showed 

fracture loads at approximately the same level of the groups 

with the semimonolithic microcoating design. The fracture 

loads of the semimonolithic crowns veneered with porcelain 

0.5 mm thick were, however, significantly lower compared 

to the other designs studied. This might imply that a thicker 

porcelain layer results in lower strength values, reaching 

those seen with traditionally veneered Y-TZP crowns where 

the veneered porcelain layer is usually within the 1–1.5 mm 
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range in thickness.8,13 This assumption, however, is not con-

firmed in the present study since fully veneered crowns were 

not included. One postulate in the study design was that the 

overall thickness of the crowns should be identical in all the 

groups, simulating a standardized preparation depth regard-

less of the design to be tested. This means that the thicker the 

veneering porcelain, the thinner the supporting core material 

underneath became, which probably played a significant role 

in the results of the study. This is worth considering when 

analyzing the results. It is always a limiting factor in the clini-

cal situation where preparation that is too aggressive removes 

important, often healthy, tooth structure, thus affecting the 

prognosis for the tooth vitality.26 Hence, one indication for 

using monolithic zirconia is that it enables tooth tissue to 

Figure 5 Comparison of mean fracture load (Newton) among the crown designs with two different materials.
Notes: *Mean with the same letters (denoted a, b, and c) did not show any significant difference in fracture load (P>0.05). M, monolithic; SM0.3, semimonolithic with 
a 0.3 mm buccal veneer; SM0.5, semimonolithic with a 0.5 mm buccal veneer; SMW, semimonolithic with a 0.5  mm buccal veneer supported by wave design; SMC, 
semimonolithic with a 0.5 mm buccal veneer supported by occlusal cap design.
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Figure 6 Fracture modes of the crowns: (A) complete fracture in M, SM0.3, and SMC groups and (B) cohesive veneer fracture in SMW and SM0.5 groups.
Notes: M, monolithic; SM0.3, semimonolithic with 0.3 mm buccal veneer; SM0.5, semimonolithic with 0.5 mm buccal veneer; SMW, semimonolithic with 0.5 mm buccal 
veneer supported by wave design; SMC, semimonolithic with 0.5 mm buccal veneer supported by occlusal cap design.
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be saved due to a material strength that makes a restoration 

durable even when it is designed as a thin (0.5 mm) crown 

coping.10 Thus, it might not be considered clinically relevant 

to test crown specimens where the overall thickness increases 

by increasing the thickness of the veneer portion since this 

would have necessitated a different preparation depth for the 

different groups in the study. It was, therefore, decided that 

the same clinical situation with respect to the preparation 

depth should be represented in all groups. Consequently, 

increasing the porcelain thickness resulted in a thinner core, 

providing less support for the 0.5 mm porcelain layer than 

for the crowns with a microcoating layer. Furthermore, the 

larger the volume of veneering porcelain, the greater the 

probability of flaw populations with a critical flaw existing 

in the material portions under stress during loading.27,28 This 

might be another reason for the lower fracture loads in the 

groups with 0.5 mm veneer thickness compared to the groups 

with 0.3 mm veneer thickness.

Previous studies have suggested the minimum fracture 

strength for a dental restoration, allowing it to be used in all 

areas of the mouth.29,30 These suggestions were proposed in 

line with the data relating to average maximum bite forces, 

which vary in different areas in the mouth and range from 

90 to 900 N.29,30 Maximum bite forces differ from patient 

to patient, and extreme loads have been registered in some 

isolated individuals. The highest measured load known to the 

authors was 4,000 N measured in a single individual, whereas 

the same source reported 2,000 N as the second highest load 

measured in another single person.30 It is not reasonable, 

however, to aim for such high bite forces when designing 

restorations since the vast majority of patients seldom reach or 

exceed 1,000 N, and normal chewing forces are significantly 

Figure 7 Comparison of fracture mode among the crown designs with two different materials.
Notes: M, monolithic; SM0.3, semimonolithic with a 0.3 mm buccal veneer; SM0.5, semimonolithic with a 0.5 mm buccal veneer; SMW, semimonolithic with a 0.5 mm buccal 
veneer supported by wave design; SMC, semimonolithic with a 0.5 mm buccal veneer supported by occlusal cap design.
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lower. With that in mind, all the groups in the present study 

performed well and with a high margin of safety in respect 

of the expected load under function in the oral environment.

Some cases require the use of thicker porcelain layers, 

≥0.5 mm, for a better esthetic outcome. In such situations, it 

might be advantageous to protect the veneer by using other 

means of core support such as the designs proposed in this 

study. The crowns with a 0.5 mm buccal porcelain thickness, 

supported by wave-like projections in the zirconia core, 

showed significant improvement in fracture resistance com-

pared to the crowns with the same thickness but without the 

addition of wave-like projections. This might be explained 

by the zirconia waves, which may prevent shear forces from 

developing along the buccal porcelain–zirconia interface. 

If that is the case, shear stress is interrupted by the wave 

projections, which act as support along the buccal interface. 

However, further studies, eg, using finite element analysis 

are needed to analyze the different developing stresses of 

this design to confirm this explanation.

Improvement in fracture resistance was also seen when 

the buccal porcelain was protected by a cap-like projection 

protecting the porcelain from high occlusal loads. These 

semimonolithic designs, however, are more complicated for 

the dental technician to prepare, and additional time is thus 

needed for the CAD-up compared to monolithic and tradi-

tional bi-layered designs where default settings can be used.

When comparing translucent zirconia with high-trans-

lucent zirconia materials in the present study, it was seen 

that the design was able to compensate for unfavorable 

mechanical properties of the weaker high-translucent mate-

rial to some extent, by using a microcoating or wave design 

instead of one of the other designs investigated. In the present 

study, two zirconia materials were used each with a different 

degree of translucency. The first represents one of the early 

generations of translucent zirconia, and the second represents 

a more recent one with improved optical properties. There 

are different ways to gain increased translucency in densely 

sintered zirconia. One way is to alter the grain sizes and 

indirectly the proportional distribution of grain boundaries.8,31 

Some producers also use materials with a higher content of 

cubic crystals at the expense of the tetragonal ones.13 The 

toughness of zirconia is one of the properties that make the 

material durable compared to all other dental ceramics.32,33 

When a crack is formed during loading and stress concentra-

tions develop at a critical flaw or in the crack-tip area in the 

material, phase transformations occur that close the crack tip, 

leaving it in residual compression, which prevents propaga-

tion of the crack, so-called transformation toughening.32,33 

This advantageous toughening property depends on both 

grain size and what crystal phases are present in the mate-

rial. Hence, for the transformation toughening mechanism 

to be effective, both grain size and phase types present must 

be balanced. Larger grains tend to transform spontaneously, 

and grains that are too small do not transform at all, lead-

ing in both cases to a less tough material. In both cases, 

strength and toughness will decrease proportionately in the 

material.27 If the traditional, optically dense Y-TZP type of 

zirconia is considered to represent the type of zirconia with 

optimal composition and grain size, it might be expected 

that strength and toughness decrease the greater the changes 

from this ultimate composition. If this is the case, it might 

explain the results of the present study where the material 

with the higher translucency showed lower fracture resistance 

regardless of crown design.

Some studies, however, do not show substantial differ-

ences between translucent zirconia and traditional Y-TZP in 

respect of fracture resistance.9 Such results may imply that 

different brands of translucent zirconia perform differently 

compared to each other, probably because translucency is 

gained by using a variety of compositions and production 

methods, which results in different properties. This leads 

to contradictory results and makes it difficult to compare 

different studies as they were testing different brands of 

translucent zirconia.

Analysis of the failure type of the crowns shows two 

modes of fracture among the tested designs. The crowns that 

were microcoated with a 0.3 mm veneer showed the same 

fracture pattern as the monolithic crowns (complete frac-

tures). Since the porcelain layer was thin and the supporting 

core material was relatively thick, the porcelain was probably 

subjected to mainly compressive forces during loading, which 

in general, ceramics are very resistant to compared to shear 

and bending forces.27 Consequently, the core material became 

the limiting factor, resulting in complete fractures. Almost 

the same result was seen in the cap design where the buccal 

veneer was protected by the occlusal cap. This crown design 

was close to the monolithic design, which was probably the 

reason for a similar fracture pattern.

Cohesive veneer fractures, on the other hand, were more 

common in designs with a 0.5 mm buccal veneer with a 

wave-protected configuration but only with the translucent 

and not with the high translucent material. The reason for 

this might be that the tensile stress building up in the core 

material exceeds the materials’ load-bearing capacity before 

or at the same time as this limit is reached in the porcelain. 

The stronger translucent material resists the load that exceeds 
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the porcelain capacity, resulting in a cohesive fracture in the 

porcelain only. This is the same fracture behavior as detected 

in clinical and laboratory studies on fully veneered Y-TZP 

restorations with a comparable thickness of veneer layers.3,4,6 

Thick layers of porcelain upon zirconia, regardless of cop-

ing thickness or design, therefore appear to be more liable 

to cohesive veneer fracture due to the low fracture strength 

of the porcelain material.

In vitro studies have shown that the modulus of elastic-

ity of the supporting die material has an influence on the 

fracture outcomes of tested materials.25,34 It is recommended 

that the mechanical properties of dies are close to those of 

the dentin, ranging from 10 to 15 GP, to prevent them from 

fracturing during loading tests and to prevent the generation 

of irrelevant fracture data of the crowns. In the present study, 

however, the die material used has a modulus of elasticity 

slightly lower than the recommended range. Nevertheless, all 

the dies remained intact during all the artificial aging steps 

and load to fracture tests. Fracture loads were also compa-

rable to previous laboratory studies using dies with elastic 

properties within the desired range.6,9,25 In addition, the die 

preparation design and the resin cement used in this study 

were standardized for all the groups tested and were used 

according to the manufacturers’ instructions.

One of the limitations of laboratory studies is the dif-

ficulty to choose which aging procedures would produce 

comparable clinical results. Previous studies have shown the 

significance of combining the mechanical tests with water 

and thermocycles to produce the fatigue effect of zirconia.22–25 

Other studies performed accelerated aging protocol in auto-

clave for aging zirconia using high temperatures reaching 

134°C, which could not be considered representative for 

the oral environment.35,36 The specific aging protocol of the 

present study was performed in attempt to mimic the real 

clinical environment that the crowns would be subjected to it 

and to make comparisons with previous studies with similar 

methodologies.6,9,24,25

There are always limitations in relation to the method-

ology of laboratory studies, and the results of the present 

study may not fully represent the clinical situation. The oral 

environment is far more complex and is affected by multiple 

factors that it is impossible to fully mimic, and it is difficult 

to extrapolate results from the mechanical loading test alone. 

One such limitation in the present study is the fact that the 

steel contact counterpart in the load to fracture apparatus 

has a different modulus of elasticity than the clinical con-

tact counterpart (food, teeth), which influences on the stress 

magnitude suffered by the material. Therefore, the results 

of the present study need to be confirmed by results from 

clinical studies.

Conclusion
Within the limitations of the study, the following can be 

concluded:

•	 Translucent and high-translucent zirconia crowns might 

be used in combination with 0.3 mm microcoating por-

celain layer with semimonolithic design to enhance the 

esthetic properties of restorations without significantly 

decreasing the fracture resistance of the crown.

•	 If 0.5 mm porcelain layer is needed for a semimonolithic 

crown, wave design or cap design might be used to 

increase the fracture resistance.

In both cases, the fracture resistance gained is likely to 

be clinically sufficient as the registered fracture loads were 

high in relation to expected loads under clinical use. Clini-

cal studies are, however, needed to confirm those findings.
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