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PURPOSE. The objective of this study was to evaluate the effect of thickness
reduction and fatigue on the failure load of monolithic zirconia crowns.
MATERIALS AND METHODS. 140 CAD-CAM fabricated crowns (3Y-TZP, inCorisTZI,
Dentsply-Sirona) with different ceramic thicknesses (2.0, 1.5, 1.0, 0.8, 0.5 mm,
respectively, named G2, G1.5, G1, G0.8, and G0.5) were investigated. Dies of a
mandibular first molar were made of composite resin. The zirconia crowns were
luted with a resin composite cement (RelyX Unicem 2 Automix, 3M ESPE). Half
of the specimens (n = 14 per group) were mouth-motion-fatigued (1.2 million
cycles, 1.6 Hz, 200 N/ 5 - 55°C, groups named G2-F, G1.5-F, G1-F, G0.8-F, and
GO0.5-F). Single-load to failure was performed using a universal testing-machine.
Fracture modes were analyzed. Data were statistically analyzed using a Weibull
2-parameter distribution (90% Cl) to determine the characteristic strength and
Weibull modulus differences among the groups. RESULTS. Three crowns (21%)
of G0.8 and five crowns (36%) of G0.5 showed cracks after fatigue. Characteristic
strength was the highest for G2, followed by G1.5. Intermediate values were
observed for G1 and G1-F, followed by significantly lower values for G0.8, G0.8-F,
and G0.5, and the lowest for G0.5-F. Weibull modulus was the lowest for G0.8,
intermediate for G0.8-F and G0.5, and significantly higher for the remaining
groups. Fatigue only affected G0.5-F. CONCLUSION. Reduced crown thickness
lead to reduced characteristic strength, even under failure loads that exceed
physiological chewing forces. Fatigue significantly reduced the failure load of 0.5
mm monolithic 3Y-TZP crowns. [J Adv Prosthodont 2021;13:269-80]
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INTRODUCTION

Nowadays, the fabrication of single crowns is the most common restorative
procedure in the U.S.! According to a current report, the global market of
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dental crowns and bridges will further increase at a
compound annual growth rate (CAGR) of 7.78% to
USD 3.8 billion in 2026.2 In recent years, monolithic
restorations have gained popularity due to a reduc-
tion of technical complications, such as chipping frac-
tures and a lower price, due to a simple fabrication
process compared to layered restorations.3> At this,
zirconia and lithium disilicate have become the ma-
terials of choice for monolithic applications.® With
recent developments in increasing the translucency
of zirconia, its indications expanded to the anterior
dentition.” As the strongest of all dental ceramics,?®
zirconia is recommended in stress-bearing areas and
allows for non-adhesive cementation.® Literature
shows that monolithic zirconia crowns exhibit con-
siderably higher fracture loads than veneered coun-
terparts and lithium disilicate crown restorations.>11
For veneered zirconia single crowns, a decreased
success rate between 5 and 10 years has been report-
ed.**2 In accordance with previous investigations,314
chipping of the veneering ceramic was mentioned to
be the most frequent clinical complication.* One ex-
planation may be related to residual stress within the
veneer layer after the cooling procedure, resulting
from the low thermal diffusivity of the Y-TZP frame-
work.!>1® Furthermore, a missing cusp supporting
anatomical design and parafunctional occlusal forc-
es were mentioned as possible reasons.!? In terms of
survival rates, no statistically significant differences
between veneered zirconia and metal-ceramic res-
torations could be observed.*!" However, significant
biological complications following more invasive
preparation techniques, especially the loss of abut-
ment tooth vitality, were reported for metal-ceramic
crowns.* Due to a superior fracture strength of zirco-
nia,>»1118:19 monolithic restorations can be fabricated
with reduced layer thicknesses and thus potentially
prevent biological complications. Yet, no long-term
studies on monolithic zirconia restorations are avail-
able. A 3-year short-term study?° recorded surviv-
al-rates of 100% for monolithic zirconia single crowns
with a minimum occlusal thickness of 0.5 mm. Oth-
er studies reported survival rates of 91.5% after 3.5
years?! and 98% after 5 years?? for monolithic zirconia
crowns with an occlusal thickness between 0.5 and 1
mm. Whereas some literature is available on reduced
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thicknesses of 3Y-TZP ceramics,23-26 the effect of fa-
tigue has still not been extensively addressed.

Zirconia materials appear susceptible to bulk frac-
ture in thin areas.?*?% Consequently, there is still no
consensus on how thin restorations can be fabricat-
ed,?®> and the impact of thermomechanical fatigue
on the mechanical properties of thin monolithic zir-
conia crowns warrants further research. Therefore,
the aim of the present study was to evaluate the ef-
fect of thickness reduction on the failure load and
5-year in-vitro survival rate of monolithic 3Y-TZP zir-
conia crowns. The tested null hypotheses were that
(i) ceramic layer thickness and (ii) fatigue application
do not influence the failure load of posterior 3Y-TZP
monolithic zirconia crowns.

MATERIALS AND METHODS

In this in-vitro study a total number of 112 crowns
were divided into four groups (n = 28 per group) with
different ceramic layer thicknesses (1.5 mm (G1.5),
1.0 mm (G1), 0.8 mm (G0.8), 0.5 mm (GO0.5)) (Fig. 1). 28
crowns with a 2.0 mm (G2) ceramic thickness served
as control. This control group was already investigat-
ed in an earlier study.?” Monolithic crowns of a first
mandibular molar (tooth 46 FDI) were fabricated out
of a 3Y-TZP zirconia ceramic with a flexural strength
of > 900 MPa (inCorisTZI, Dentsply Sirona, Bensheim,
Germany).? All zirconia crowns were designed with a
CAD-CAM software (Cerec InLab 4.0, Dentsply Sirona)
and a multilayer design was chosen in order to cre-
ate a separate abutment die and a monolithic crown
restoration. By changing the configuration parame-
ters (Fig. 2), the dimension of the die was adjusted
depending on the layer thickness of the respective
crown, while the occlusal morphology of the crown
restoration remained identical. After milling, (inLab
MC X5, Dentsply Sirona) crowns were dyed (inCoris
TZI Coloring Liquids, Dentsply Sirona) and sintered
(inFire HTC speed, Dentsply Sirona) according to
manufacturer’s recommendations. A conventional
sintering procedure was used at 1510°C with a dwell
time of 120 minutes.?® The initial heating rate was
25°C per minute until a temperature of 800°C was
reached. Afterwards, the furnace was heated from
800°C to 1510°C with a heating rate of 15°C per min-
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Control Test
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FLacl)I;J(rje Single load to failure (universal testing machine)

Fig. 1. Test set-up.

Fig. 2. Definition of the different parameters. Yellow = die,
grey = varying enlargement of the die, white = monolithic
crown (Screenshot, provided by Dentsply Sirona).

ute. For slow cooling, the furnace was programmed
to remain closed up to a temperature of 200°C using
a cooling rate of 30°C per minute. The glaze firing was
carried out with a closing time of 4 minutes and a
starting temperature of 400°C, followed by a tempera-
ture increase of 45°C per minute until the final tem-
perature of 870°C was reached. This temperature was
maintained for 1 minute, then cooled down to 600°C
until the furnace was opened.

https://jap.or.kr

112 composite resin master dies were made using
a dentin-analog light-curing nanohybrid compos-
ite (Tetric Evo Ceram A2 Dentin, lvoclar Vivadent AG,
Schaan, FL; elastic modulus of 8.6 GPa, information
provided by manufacturer). Therefore, the dies were
duplicated and a plaster replica die was generated
for each monolithic crown. Impressions of the plaster
dies were made using a polyvinylsiloxane impression
material (Affinis, Coltene AG, Altstatten, Switzerland).
Subsequently, the negative form was filled up with
1.5 mm thick nanohybrid composite layers (Tetric Evo
Ceram) and was light-cured (Polofil Lux, Voco, Cux-
haven, Germany) with approx. 780 mW/cm? from all
directions for 20 seconds.

The resin dies were stored in distilled water in an in-
cubator (IN30, Memmert GmbH+Co KG, Schwabach,
Germany) at 37°C for a minimum of 30 days (mean: 31
days; min: 30 days; max 32 days). Afterwards, spec-
imens were embedded in a cold polymerizing poly-
ester resin (Technovit 4000, Heraeus Kulzer, Hanau,
Germany). Resin dies were pretreated with pumice
powder (Picodent, Wipperfiirth, Germany), rinsed
with water, dried, and cleaned with 60% ethanol. Pri-
or to cementation, a layer of MDP-containing prim-
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er (Clearfil ceramic primer Plus, Kuraray Noritake,
Tokyo, Japan) was applied to the internal surface of
the zirconia crowns (no air-particle abrasion was em-
ployed). All crowns were then cemented with a res-
in composite cement (RelyX Unicem 2 Automix, 3M
ESPE, Seefeld, Germany) according to manufacturer’s
instructions. Excess cement was carefully removed
with a scaler after light-curing of 2 seconds (Polofil
Lux, Voco, Cuxhaven, Germany). Afterwards, each sur-
face was light-cured for another 20 seconds at around
780 mW/cm?. Finally, all specimens were stored in dis-
tilled water for a minimum of 7 days (mean: 8 days;
min: 7 days; max 8 days) to allow hydration of the res-
in cement.

Half of the specimens (G2-F, G1.5-F, G1-F, GO0.8-F,
G0.5-F) of each group were exposed to mouth-mo-
tion fatigue (-F) using a chewing-simulator (CS-4.8, SD
Mechatronik, Feldkirchen-Westerham, Germany) with
a load of 200 N at 1.6 Hz for 1.2 Mio cycles and simul-
taneous thermocycling (5°C to 55°C, dwell time 120 s).
This corresponds to a clinical ageing time of 5 years.?®
Steatite spheres (Hoechst Ceram Tec, Wunsiedel,
Germany) with a diameter of 6 mm served as antag-
onists. To simulate a lateral masticatory movement,
the steatite spheres moved 0.5 mm horizontally from
the distolingual cusp towards the central fissure. Sub-
sequently, all crowns of each group underwent single
load to failure (SLF) testing in a universal testing ma-
chine (Zwick Z010/TN2S, ZwickRoell GmbH & Co KG,
Ulm, Germany). The load was applied axially with a
metal sphere (r = 3.18 mm) towards the central fossa.
The force was applied parallel to the longitudinal axis
of the specimen at a test speed of 1.5 mm/min. Fail-
ure loads were recorded with a computer software
(testXpert II V7.1, ZwickRoell) in Newton [N] for sta-
tistical analysis. Finally, all specimens were visually
evaluated for failure analysis using a stereo light mi-
croscope (SZH 10, Olympus, Hamburg, Germany).

Reliability demonstration test (RDT tool, Weibull++
v.21, Reliasoft, Tucson, AZ, USA) was used to deter-
mine sample size, considering mean time to failure
of 3000 N (estimated average load to failure range for
groups between 0.5 mm to 2 mm thicknesses), under
90% confidence bounds, using Weibull 2-parameter
distribution, assuming Beta value = 5 (estimated aver-
age Beta), resulting in a sample size of 11. To account
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for potential fractures during fatigue, 3 additional
samples per group were used, totaling 14 samples per
group. Data were statistically analyzed using a Weibull
2-parameter distribution (Weibull++v.21, Reliasoft,
Tucson, AZ, USA) (90% Cl) to determine the character-
istic strength (N) and Weibull modulus (m) differences
among groups. Differences among groups were also
depicted in a contour plot (characteristic strength vs.
Weibull modulus). The probability of survival (reliabil-
ity) was also plotted to show group survival distribu-
tion as a function of load to failure.

RESULTS

All crowns of G2, G1.5, and G1 presented no fail-
ures after 1.2 million fatigue cycles, which corre-
sponds to a clinical 5-year survival.?®3° Three crowns
(21%) of G0.8 and five crowns (36%) of G0.5 showed
cracks after fatigue. Due to the limited extension of
these cracks, all crowns were still exposed to single
load to failure (SLF). The observed cracks of G0.8-F
and GO0.5-F were located in the area of the distolin-
gual cusp, which corresponds with the lateral slid-
ing movement from the distolingual cusp to the cen-
tral fossa (Fig. 3). After fatigue exposure, all crowns
showed superficial wear facets of the glazing material
at the distolingual cusp (Fig. 3).

The characteristic strength and Weibull modulus re-
sults with differences among groups, based on over-
lap between upper and lower confidence intervals,
are presented in Table 1. Characteristic strength (N)
was the highest for G2 compared to G1.5 with signifi-
cant differences between them. Although decreased
characteristic strength values were observed after
fatigue in G2-F and G1.5-F, they were not significant-
ly different when compared with their respective
non-fatigued counterparts. Intermediate values were
observed for G1 and G1-F, followed by significantly
lower values for G0.8, G0.8-F, and G0.5, and the lowest
for G0.5-F. Weibull modulus was the lowest for GO0.8,
intermediate for G0.8-F and GO0.5, and significantly
higher for the remaining groups. Different superscript
letters indicate significant differences among groups.
Fatigue did not have a statistically significant influ-
ence, except for G0.5 (Table 1). A contour plot (Fig.
4A) is presented as an instructive graphical method

https://jap.or.kr
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Fig. 3. Monolithic zirconia crowns
with different layer thicknesses
after loading (1.5 X magnifica-
tion). The circle shows the attri-
tion caused by the antagonists
during fatigue. The arrows mark
the cracks. (A) G1.5-F, (B) G1-F,

(C) G0.8-F, (D) GO.5-F. Cracks were
found in groups 0.8-F and 0.5-F.

to depict characteristic strength vs. Weibull modulus
significant differences between datasets (no overlap
of confidence bounds). Each contoured region rep-
resents possible values given both parameter’s com-
bination, and difference at 90% level is detected if
contour overlap between groups does not exist.3! Fig-
ure 4B depicts the probability of survival (reliability)
distribution as a function of characteristic strength.
After SLF, all crowns showed catastrophic bulk frac-
tures. Crowns fractured mostly into 2 - 5 main frag-
ments that could be repositioned. No differences

Table 1. Characteristic strength (N) and Weibull modulus (m

significant differences

J Adv Prosthodont 2021;13:269-80

could be observed between the individual groups.
However, failure analysis revealed that cracks propa-
gated from the occlusal loading point to the cervical
crown margin (Fig. 5). The crack origin was mainly lo-
cated in the distolingual region of the occlusal surface
initiating from the area of loading. Fractures within
the die material only occurred in groups with a lay-
er thickness of 1.0 mm (G1:0%, G1-F:7.14%), 1.5 mm
(G1.5:42.85%, G1.5-F:28.57%) and 2.0 mm (G2:100%,
G2-F:100%).

) for the different groups. Different superscript letters indicate

G2 G2-F G1.5 G1.5-F G1 G1-F G0.8 GO0.8-F GO0.5 GO0.5-F
upper limit 6389.9 5895.6 52449 49117 2969.7 2972.89 18274 1691.66 1609.35 1170.87
gt?g{]agiff(r}j)“c 5934.2° 5540248 5008.3BC 4576.6C 2783.4° 2785.16° 1555.18F 1533.08F 1454.88F 1121.81F
lower limit 5510.9 52063 4782.3 42643 26087 2609.27 1323.5 1389.36 131523 1074.81
upper limit 8.7 10.3 14.1 9 10 9.84 4 6.79 6.48 15.6
Weibull m) 6.3 7508 10 6.5°8 7208 7158 289C 46885 4598  10.7A
lower limit 45 5.4 7.1 48 517  5.19 2 3.22 3.26 7.39
https://jap.or.kr 273
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Fig. 4. (A) Two-parameter Weibull contour plot (Weibull modulus [m]) vs. characteristic strength [N] for G2 (black), G1.5
(green) G1.0 (grey), GO.8 (blue) and G0.5 (red) in which solid contour lines represent non-fatigued, and dotted lines repre-
sent groups subjected to fatigue prior to single load to failure test. The only group showing no overlap between contours
before and after fatigue is G0.5, meaning that fatigue significantly decreased its characteristic strength. (B) Probability of
survival vs. characteristic strength shows a general trend in crown survival increase for increased thickness. G1 and G1-F
(grey solid and dotted reliability lines, respectively) present an overlap due to similar sample failure distribution.
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Fig. 5. Monolithic zirconia crowns
after single load to failure (1.5 X
magnification). (A) G1.5, (B) G1, (C)
G0.8, (D) GO.5.

DISCUSSION

The present study showed that all tested crowns
withstood failure loads above physiological chew-
ing forces (50 - 250 N physiological, 500 - 900 N para-
functional).?632 Nevertheless, cracks during fatigue
were observed in G0.8 and G0.5. Therefore, the tested
null hypothesis was rejected as layer thickness and
fatigue application (G0.5) did influence the failure
load of posterior 3Y-TZP monolithic zirconia crowns.
This can be explained due to the fact that five of the
crowns (36%) with fatigue exposure showed cracks
after chewing simulation causing a reduction in frac-
ture resistance. It was observed that when the layer
thickness was doubled from 0.5 mm to 1.0 mm and
from 0.8 mm to 1.5 mm, characteristic strength val-
ues increased two- to threefold. Similar observations
were made in other in vitro studies.1%

Considering the significant decrease in characteris-
tic strength observed for crowns of 0.8 mm compared
to those of higher thickness and especially evident for
the 0.5 mm group subjected to fatigue, it may be sug-
gested that crown thicknesses = 1 mm, supported
by dentin, may be less prone to fracture. The clinical
longevity in long-term remains uncertain. A reduced

https://jap.or.kr
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layer thickness of 1.0 mm seems to be the limit with
no negative influence on the 5-year in vitro surviv-
al rate and should thus be preferred. For this reason,
most manufacturers do not recommend to reduce
the occlusal layer thickness of monolithic zirconia
crowns below 1 mm in posterior areas.?83334 In con-
trast, some previous evidence suggests that it can be
reduced up to 0.5 mm keeping a sufficient strength to
endure maximum chewing forces up to 900 N.19-23-25
Previous studies investigated different layer thick-
nesses of 0.5 to 1.5 mm with different chewing loads
and different numbers of masticatory cycles.19:23.26:35
Due to different experimental protocols and test set-
ups, a direct comparison is difficult. Overall, ther-
momechanical cycling is the most commonly used
method for fatigue testing.242636 Some other studies
only used mechanical cycling!® or omitted fatigue
exposure before failure load testing.1%?> A previous
study could show that the flexural strength of 3Y-TZP
disc-shaped specimens was predominately affect-
ed by mechanical or thermomechanical cycling.3’
Therefore, specimens were exposed to mechanical
cycling (15,000,000 cycles/3.8 Hz/200 N), thermal cy-
cling (6,000 cycles/5 - 55°C/30 s), and thermomechan-
ical cycling (1.2 million cycles/3.8 Hz/200 N and ther-
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mal-cycling at a temperature range from 5°C to 55°C
for 60 s each). In the present study, half of the speci-
mens were subjected to a similar thermomechanical
fatigue protocol (1.2 million cycles/1.6 Hz/ 200 N and
thermal-cycling at temperature range from 5°C to 55°C
for 60 s each).

Reported loads during clinical mastication vary
considerably.3238 As previously described, force peaks
of 200 N in the anterior region, 350 N in the posterior,
and 1000 N with bruxism occur.3® Many previous in-
vestigations used average chewing forces that were
considerably lower (between 49 - 80 N) compared to
the loads applied in the present test set-up.192433% A
recent study determined the test conditions in a pre-
liminary pilot study and finally used a force of 200 N
for preloading in a fatigue test set-up.3® In the present
study, a chewing force of 200 N was also chosen, since
it considers a certain safety load and seems to avoid
either too low and too high loads.323¢

Characteristic strength values of this present study
are similar to values detected in other studies: In
a study investigating different layer thicknesses of
monolithic 3Y-TZP zirconia crowns (Lava Frame, 3M
ESPE), the following mean fracture load values were
measured: 4109 = 610 N (1.5 mm), 3068 £ 233 N (1.2
mm), 2429 £ 315N (1.0 mm), 1814 = 68 N (0.8 mm)
and 1308 £ 111 N (0.6 mm).!* Comparing 3Y-TZP zir-
conia with different alumina contents, fracture load
values varied from 450 to 3248 N (Lava Zirconia, 3M
ESPE) and 438 to 3487 N for 3Y-TZP with a lower alu-
mina content of 0.1% (Lava Plus, 3M ESPE).2® Howev-
er, lower values of 691 - 2048 N for monolithic zirconia
crowns with layer thicknesses of 2.0, 1.5, 1.0 and 0.5
mm?> and substantially higher values of 5558 * 522
N (Lava Plus Zirconia, 3M ESPE) for crowns with an
occlusal thickness of 0.5 mm?® were found in the lit-
erature. However, specimens were partly unexposed
to fatigue.!®?> Since also the experimental set-up
differs, a direct comparison is not possible. Another
previous study compared monolithic 3Y-TZP zirco-
nia crowns (Zikon Biostar HT, Siladent Dr. Bohme &
Schops GmbH, Goslar, Germany) with occlusal layer
thicknesses of 0.5 and 0.2 mm and found similar fail-
ure load values for 0.5 mm thin crowns (1628 = 174 N
adhesively bonded, 1357 + 340 N cemented).?*

According to manufacturer’s recommendations, an
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adhesive cementation for 3Y-TZP zirconia crowns is
not required, when a sufficient mechanical retention
and crown thickness is given.?84° However, composite
resin cements or ceramic primer with special adhe-
sive monomers, like MDP, are recommended for the
bonding to zirconia.*! For this reason, an MDP-con-
taining universal primer (Clearfil ceramic primer Plus,
Kuraray Noritake) and a self-adhesive dual-curing
composite luting cement (RelyX Unicem 2 Automix,
3M ESPE) were used in this study. But, cementation
procedures are controversially discussed in the pres-
ent literature, 042

As a limitation of this in vitro study, it has to be stat-
ed that dentin-analog resin dies instead of extracted
human molars were used, which do not exactly repre-
sent the structure of a real tooth. On the other hand,
extracted teeth are difficult to standardize due to age
and size difference.*® The applied composite resin re-
veals a similar elastic modulus (Tetric Evoceram: 8.6
GPa) compared to human dentin (10 - 16 GPa), and
was also applied in comparable studies.!519:26,44.45
A thermomechanical cycling protocol followed by
a static test (SLF) was chosen. This commonly used
method?42646 obtains reliable information and allows
ranking of all-ceramic systems, according to given
variables such as thicknesses.

Clinical failures are usually based on slow crack
growth mechanisms,*” which lead to a continued re-
duction of initial strength over the years.*® Two im-
portant crack mechanisms for bulk fractures are re-
ported: firstly, radial cracks caused by tensile stress
propagating from the intaglio to the occlusal surface
and secondly, cracks caused by contact stress at the
occlusal surface propagating downwards.*® After SLF,
the crack origins were mainly located at the disto-
lingual area of the occlusal surface. This can be at-
tributed to a change of the ceramic structure after fa-
tigue exposure caused by the sliding movements at
the distolingual cusp to the central fossa. A recently
published clinical study found a grain transformation
in the occlusal loading areas of monolithic zirconia
crowns after two years in situ.>® In the present study,
all crowns showed catastrophic bulk fractures after
SLF. The observed cracks propagated from the occlu-
sal loading point to the cervical crown margins. This
fracture pattern initiating from the occlusal loading
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points has also been reported in clinical?°® and in vi-
tro studies.12551

In terms of failure mode, no differences could be
observed among the groups of this study. Interesting-
ly, all dies of G0.5 and G0.8 remained intact, while the
dies of G2, G1.5, and G1 showed fractures. In these
groups, partial and longitudinal fractures occurred
and a few dies even showed bulk/catastrophic fail-
ures. The simulated abutment teeth/ dies of G0.8 and
GO0.5 were thicker than the dies of G2, G1.5, and G1.
This might explain why no die fractures occurred in
G0.8 and GO0.5. Furthermore, it should be considered
that in the present experimental set-up, stiff zirco-
nia specimens were loaded by using a force of 200 N.
According to a previous investigation,5? the velocity
of the weight and the resulting impulse depend on
the stiffness of the specimen material. For stiff spec-
imens, several impacts /‘bouncing’ were detected
leading to substantial measurement errors. There-
fore, low impact velocities are recommended, espe-
cially for stiff specimen loading, and were applied in
the present study.>? Axial loading might produce sev-
eral uncontrolled contact points.>® Therefore, other
studies used a tin foil distributing the force equally to
the cusps.®111939 Another investigation applied an in-
verse V-shaped two-plane intender for achieving mul-
tiple contacts more equally and in order to reproduce
more clinically relevant fractures.>* Some authors
suggest that an angulation of the specimens could
better represent clinical scenarios, due to the more
complex stress state caused by sliding actions.%2¢
Other authors used an off-axis-loading of 30° for the
investigation of flat specimens in order to simulate
cusp inclination.>>¢ However, in the present study, a
sliding component was achieved by the lateral move-
ment of the steatite sphere during fatigue testing.

In recent years, increased translucency of zirconia
could be achieved by increasing the yttria content
or the cubic phase (4Y-PSZ and 5Y-PSZ).” Literature
shows that these translucent zirconia materials are
associated with lower mechanical properties because
phase transformation toughening is absent due to
predominance of cubic phase, which makes them
more prone to failure.365-5% However, it is expected
that in the future, zirconia materials will be further
enhanced, regarding translucency, fluorescence, and
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strength. Further investigations on failure load, pre-
treatments, and thermomechanical longevity of 4Y-
and 5Y-TZP crowns should be addressed in the future.

CONCLUSION

Within the limitations of this study, the following can
be concluded: layer thickness has a statistically sig-
nificant influence on the characteristic strength of
3Y-TZP monolithic zirconia crowns. All crowns with a
layer thickness above 1.0 mm withstood a simulat-
ed 5-year clinical application without fracture. Yet, all
groups achieved characteristic strength values that
exceed physiological chewing forces. A preparation
design resulting in a reduction for a ceramic layer
thickness of 1.0 mm can be recommended. Further
laboratory and clinical studies are necessary to con-
firm these results.
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