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Purpose: The aim of the study was to compare the fatigue lifetime of thin-walled molar crowns
made of all-ceramic CAD/CAM materials under three different cyclic load conditions.
Methods: The crowns were fatigued using a range of forces similar to which crowns in the
molar region might be subjected. Crowns of two thin-walled thicknesses (0.7 mm and
1.1 mm) were prepared from Zirconia and lithium disilicate. Numerical methodologies to
simulate the behavior of a restored tooth were applied to evaluate the fatigue lifetimes under
multiple cyclic loading; 50 N, 100 N, 150 N. An 8 mm hemispherical indenter was used to
simulate the mechanical stress of opposing teeth during mastication, and applied the fatigue
load at the center of the crowns.

Results: The results show that the predicted survival rates for 0.7 mm and 1.1 mm Zirconia
crowns were not significantly different. The number of life cycles predicted for Zirconia
under all fatigue loads indicates that these crowns can live longer than five clinical years
(when crowns are in service). However, crowns made from lithium disilicate also can be
predicted to survive longer than five clinical years (under load up to 100 N). Crowns made of
lithium disilicate should have 1.1 mm thickness to survive longer than five clinical years
(when crowns are in service).

Conclusion: Zirconia crowns exhibit significantly higher fracture resistance compared with
lithium disilicate crowns, making them better suited to handle higher masticatory loads
encountered in the posterior region of the mouth. Lithium disilicate can survive more than
five clinical years (when their thickness is 1.1 mm).

Keywords: dental materials, restored crown, CAD/CAM, all-ceramics, mechanical loads,

mastication

Introduction

Ideally, crowns are used to restore the natural teeth due to many reasons, such as
tooth loss, discoloration, extensive dental caries, broken teeth and improving the
shape of the teeth. Different materials are used in restored teeth, divided into metal,
ceramic fused with metal or all-ceramic crowns. All-ceramic restorations have
several favorable characteristics such as life-like appearance,' biocompatibility,”
wear resistance, and color stability.3 However, the drawbacks include less-than-
ideal marginal adaptation, excessive wear of the opposing dentition, aggressive
preparation design,' technique sensitivity,* and susceptibility to fracture.
Moreover, it is reported that most all-ceramic restorations have high clinical

failure rates especially if they are placed on posterior teeth.”’ The brittleness of
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these materials stands as a barrier against their widespread
use in the posterior teeth.® In order to overcome the failure
behaviors, several restorative materials have been devel-
oped recently. For instance, all-ceramic crowns manufac-
tured by Computer Aided Design/Computer Aided
Manufacturing (CAD/CAM) were developed to offer
increased strength and favorable homogenous structure,
and

to improve the retention

9-11

longevity of the
restorations.

The most common all-ceramic CAD/CAM materials
are Zirconia and lithium disilicate,12 with lithium disilicate
having higher translucency and lower mechanical strength
than Zirconia.'® Zirconia is an attractive choice for use in
tooth restoration due to its aesthetic appeal, biocompatibil-
ity, and high flexural strength.'*'> The flexural strength of
Zirconia ranges from 650 to 1200 MPa,® and it is compar-
able to ceramic fused to metal in shear strength.'® Zirconia
has been used for constructing a full arch restoration.'”
Literature reported the thickness of the core has
a significant effect on the hardness, fracture toughness,
and residual stress for crowns made from Zirconia.'®"?

On the other hand, lithium disilicate is widely used as
modern CAD/CAM material. It has superior aesthetic
properties and color stability.”° Thus it can be used for
the anterior region.”’ One concern regarding lithium dis-
ilicate is that it is not strong enough to be used for restor-
ing the posterior teeth due to its brittleness and
susceptibility to fracture.”> The fracture resistance of
Zirconia crowns under a variety of conditions has been
studied previously.*?

The long-term success and the survival rate of restora-
tive materials mainly depend on their mechanical proper-
ties, such as fatigue failure, magnitude and type of
occlusal loads and the thickness of the crown. It is advised
to preserve the abutment tooth by minimal invasive pre-
paration together with a minimal thickness of the restored
crown to provide adequate fatigue resistance. The exces-
sive removal of tooth structure may cause potential
damage to dental pulp,>* and perhaps reduce the stability
of the prepared tooth structure (abutment).?® The thickness
of the restored crown is thought to have a significant effect
on the stability of the restoration (Thompson).”* In gen-
eral, the guidelines of tooth preparation require an axial
and occlusal tooth reduction of about 1.5-2.0 mm'® to
ensure the stability of the restored crown.'?

A review conducted in 2015 concluded that no evi-
dence could be retrieved for the minimal occlusal clear-

ance necessary to provide sufficient thickness of the

subsequent restoration. However, the review assumed
that 1.5 mm for all-ceramic restorations are usually taught
values in this regard, which are also often specified in
manufacturers’ instructions. In addition, no specific type
of finish line has been clearly proven to be superior to
others.””> A rounded internal geometry is a crucial prere-
quisite to all-ceramic restorations to avoid tensile stress;
otherwise, fractures of the brittle material are expected.”
The rounded design has proved to be superior.?®

The ability of a cemented crown to withstand dislod-
ging forces is determined by three geometric aspects:
height, the height to base ratio, and preparation taper.

The minimum stump height is 3-4 mm?*’~®

and a height
to base ratio of 0.4 is needed to provide adequate
resistance.”” ! A preparation taper of less than 5° is
unfavorable for the CAD/CAM production process since
scanning devices have difficulties in detecting nearly ver-
tical surfaces.’® Additionally, tapers from 5° to 10° are
favorable as retention decreases for tapers smaller than 5°
or greater than 10°.°**% However, preparations for all-
ceramic restoration with greater taper are more resistant
to fractures.*>’

Upon insertion, in order to be properly seated into
position, the restoration must have an even luting cement

3839 10 achieve

film thickness of ~25-50 pum at the margin
marginal accuracy and ensure clinical reliability.

As a response, a large number of fatigue studies have
focused on simplified static fatigue (constant load) of the
restorative materials. This axial occlusal load at a single
point generates values of stress distribution on the crowns
that is different to what is occurring in the oral mouth due
to intraoral mastication and chewing cycle. It is worth
mentioning that the commonly used static fatigue loads
that apply on the crown until fracture do not offer valuable
clinical information. Hence, a fatigue test is preferred to be
evaluated under cyclical fatigue loads (dynamic load) to
simulate the actual clinical chewing cycle and masticatory
stresses. Some terms are very common when
a computational method is used such as stress and stress
concentration. Stress consists of the response of the atoms
and molecules to a load applied in the evaluated
structure.*’

Monolithic Zirconia crowns of occlusal thickness of
0.5 mm showed sufficient strength to be used in the poster-
ior teeth.*' ™ The stability of the restoration is reported to
be influenced by the type of cement used.*'***> Cement is
an adhesive bonding material that improves the fracture

resistance of monolithic all-ceramic crowns.*® However,
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others reported that 0.5 mm monolithic crowns possessed
sufficient strength to endure physiologic performance,
regardless of the type of cementation and the fracture
strength of 0.2 mm cemented crowns was too low for
clinical application.*’

To date, there is a very limited number of studies on
the relationship between all-ceramic crown thickness and
survival rate. Numerical simulations using Finite Element
Analysis (FEA) can be effectively used to predict the
fatigue life of minimum all-ceramic crown thicknesses
under different clinical loading conditions. However, it
has been believed that all-ceramic restorations require
extensive tooth preparation.

The purpose of this study is to test the hypothesis that
thin-walled all ceramic CAD/CAM crowns made from
Zirconia or lithium disilicate can withstand cyclic stresses
generated from masticatory forces. The study is testing the
fatigue resistance of thin-walled all-ceramic crowns. The
fatigue life representing the number of cycles to failure of
the crowns is estimated using FEA.

Materials and Methods

A die of mandibular first molar made from gypsum
(Model Plaster, 20 LB, White, Dentsply Sirona) was
scanned using a Sirona scanner (Sirona scanner, inlab
SW 16.1) and fabricated to fit a preparation with 1.5- to
2.0-mm occlusal reduction. The abutment was prepared in
a reduced occlusal surface, with a chamfer margin width
of 1.00 mm, and possessed an axial surface height of
approximately 5 mm (4.83 at mesiobuccal cusp and 4.92
at distobuccal cusp) with 8° taper. A workflow of the
method followed in this study is explained in Figure 1.

The scanned data were exported as a stereolithography
(STL) file to Sirona software in order to design the full
contour of restored crown. The thickness of the cement
layer was set in the software as 50 pum. Two designs were
prepared for the thin-walled crowns for each material,
Group A: ultrathin of average thickness 0.7 mm and
Group B: thin of average thickness 1.1 mm (Figure 2).
The measurements of the crowns at different areas are
represented in Table 1.

The STL files for the crowns and the die were con-
verted into solid models using solid modeling software
(SolidWorks 2018, DS Solidworks Corp, USA) to produce
the 3D model to be used for FEA. The mechanical proper-
ties were set for the components of the 3D model includ-

ing the CAD/CAM materials used for crowns***’

(Table 2). The crowns were made from two different
materials, Zirconia and lithium disilicate.

Several Boolean operations were applied to assure the
interfacial mesh congruence. This step ensured the crowns
were set correctly on the corresponding die. Then the
assembly of the crown and corresponding die were trans-
ferred into Finite Element Analysis software package
(ANSYS 18. 1, Inc., USA) for testing the fatigue behavior
of the all-ceramic crowns.

As part of the 3D model, a hemispherical indenter
(8 mm diameter) was made in order to apply the cyclic
load on the center of the crown (Figure 3). The mechanical
properties were set to simulate the enamel of the opposing
teeth. The root was fixed and supported in all dimensions
in order to apply the compressive fatigue force by indenter
(Figure 4).

The frictional contact between occlusal surface of the
crown and indenter was simulated using FEA software.
The exact values for friction coefficient are difficult to
obtain, so the authors assumed 0.3 for friction, which is
a conservative value. The indenter was applied axially on
the occlusal surface of the crowns using two cyclic load-
ings; axial loading and axial loading with 0.8 mm sliding
in Z axis towards the buccal surface. The indenter con-
tacted the occlusal surface at three points; distobuccal
cusp, mesiolingual cusp and distolingual cusp, in agree-
ment with the literature (Figure 5). The latter cyclic load-
ing was applied on occlusal surface to accurately simulate
the chewing process in the clinical mouth.

The minimum compressive load on two thin-walled
crowns was 5 N and the maximum was the variable for
this study, to estimate the fatigue test, as follows;

Level 1: minimum load: 5 N; maximum load: 50 N,
mean level = 27.5 N

Level 2: minimum load: 5 N; maximum load: 100 N,
mean level = 52.5 N

Level 3: minimum load: 5 N; maximum load: 150 N,
mean level = 77.5 N

The static FEA which was obtained from previous
studies were post-processed with fatigue stress—life (S—
N) behaviors.*” A curve of S— N represents the stress
amplitude (ca) as a function for the number of cycles
until failure (Ny). However, the current study used a com-
bination of S—-N behavior and FEA under cyclic loading
for the crown materials. The life cycle of for Zirconia is
(1000, 308.1890979) and (1000,
88.2204892) (Figure 6). Linear isotropic models are used

lithium disilicate
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Figure | The flowchart of the methodology.

Figure 2 Thickness of experimental crown of (A) group A at mesio occlusal point; (B) group B at different areas.
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Table |1 The Thickness of Experimental Crowns at Different Areas

Group Crown Mesial Mesial Midpoint Distal Distal Average of
Type Gingivally Occlusally Fossa Gingivally Occlusally Thickness

Group A | Ultra thin 0.4 1.7 0.4 1.2 0.37 0.7

Group B | Thin 0.62 2.04 1.7 22 1.06 1.1

Table 2 Mechanical Properties for the Materials Used in the FEA
Material Young’s Modulus | Poisson Flexural Compressive Shear Strength
(GPa) Ratio (v) Strength (MPa) Strength (MPa) (MPa)

Indenter/opposing tooth*® 84.1 0.33 1.5 384 60

Lithium Disilicate*® 95.9 0.23 356.7 - -

Zirconia*® 210 0.32 900 - -

Dentine/abutment*’ 18.6 031 105.5 267 12-138

Dual cure resin/Adhesive cement®® | 8 0.3 - - 344

to describe the mechanical behaviors of the materials used
in the study.

It is important to consider the density of the mesh used
in the FEA model as the finer mesh density gives accurate
measurements for the analysis. A finer mesh density was
generated at the occlusal surface of the crown due to the
highly complex features of the surface (Figure 7). The
number of elements of the FEA model was 184,564 four-
node tetrahedron element using mesh convergence test.
This number indicates that no change can happen to the
measurements if a further number of elements created.

The crowns were assumed to perfectly bond to abut-
ment to ensure the maximum retention of the crowns and
to avoid any movement which could adversely affect the
fatigue test. FEA was used to predict and determine the
areas of maximum stress distributions on the tooth surface
which could lead to crown failure or cracks. The fatigue
life was calculated to predict the survival life rate of the
experimental materials.

Results

Finite element simulations were carried out to evaluate the
fatigue resistance of different thicknesses of thin-walled all
ceramic CAD/CAM crowns. Once the mesh density of the
3D model in FEA was determined, the maximum tensile
stress on occlusal surface of the crowns could be deter-
mined. Among the experiment groups, the fatigue life
reached the highest for group B made from Zirconia
under axial loading at 50 N, 100 N, and 150 N compared
with all other groups of the experiment materials (Table 3).
The maximum tensile stress for this group under axial load

of 50 N and 150 N was 43.493 MPa and 82.482 MPa,
respectively (Figure 8). However, the maximum tensile
stress for lithium disilicate at 50 N and 150 N was
35.557 MPa and 72.144 MPa, respectively (Figure 9).
The figures show the maximum tensile stress at distobuc-
cal cusp. This is expected as this area occludes with the
palatal side of the upper teeth.

The plot shows the fatigue life of experimental
crowns under axial loading, and axial loading with slid-
ing (Figure 10). The fatigue life for axial loading for
group A made from lithium disilicate is 3.605.271 and
653.814.4 at 50 N and 100 N, respectively. However,
the crown was fractured at 120 N and it was not possi-
ble to test it in fatigue test level 3 at 150 N. This
material showed the lowest fatigue life among the
experiment groups. According to levels of fatigue test
of this study, the fatigue behaviors for the group A can
withstand fatigue test up to 100 N.

The life cycle for group A made from lithium disilicate
is 2,157,587.52 while for group A made from Zirconia it is
2,157,587.52 under axial load 100 N (Table 3). It is worth
mentioning that life cycles for Zirconia and lithium dis-
ilicate reduce to 653,814.4 and 674,821, respectively
under the fatigue test with 0.8 sliding.

The factor of safety guarding against fatigue failure
were predicted using FEA. It is reported that the loading
protocol that simulates five clinical years is 250,000 cycles
and this simulates one year of clinical service.’® Thus
group B of Zirconia crowns has the highest factor of
life which is 15. However, group A of lithium disilicate
crowns has the lowest factor of life which is 1.1.
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Figure 3 Materials of FEA model; (A) indenter/opposing tooth of enamel (B)
crown (C) cement (D) abutment/Dentine (E) root.

The maximum shear stress at the dentin-adhesive inter-
face at the static load is located on the distobuccal cusp
(Figure 11). The maximum shear stress under load of 100
N for group A of Zirconia is 4.5 MPa, while it is 4.4 MPa for
group A made of lithium disilicate (Table 4). This means the
magnitudes of shear stress are clearly far away from the shear
strength of the dual resin adhesive material (34.4 MPa).

Discussion

In order to evaluate the stress distribution generated by
masticatory loads in the restored crown, FEA has been
used due to specimen standardization, low cost, and
because it is a numerical method that offers a means to

find an approximate explanation.”' >*

Axial Force

Distal Lingual
Buccal Mesial

Fixed Support

Figure 4 The boundary conditions and the direction of applied load on the crown.

Figure 5 The three points of indenter contacting the occlusal surface.

Moreover, the FEA method has been successfully used
in biomechanical applications of dentistry and found to be
a very attractive tool because it can easily deal with com-
plex geometry, complex material behavior and complex
loading conditions that are usually found in the oral

55-57

cavity, as well as to assess new dental designs before

conducting complex in vivo experiments.

submit your manuscript

586

Dove

Clinical, Cosmetic and Investigational Dentistry 2020:12


http://www.dovepress.com
http://www.dovepress.com

Dove

Al Mortadi et al

1000
900
‘E 800 —a—2C[36]
= 700 4
£ 600 1 -=8--LD[36]
§ 500 1
w400 1
S >-~_~
= 300 + ~~,_~~~ -
£ 200 + "“~-~_~ .
100 ¢ B Ormmmm—— Ommmmmmn Crmmm———— )
0 T T T T T T T
1.E+00 1.E+01 1.E+02 1.E+03 1.E+04 1.E+0S 1.E+06 1.E+07
Cyclesto failure (N)
Figure 6 Fatigue strength (S-N curve) for Zirconia and lithium disilicate.
60 -+
)
Q
=
2 55 1
o
L
@
®
§ 50 A
(]
=
£
3
£ 45 A1
'S
-
©
b=
40 = t = + = t = t + - t - t - t = t
1.E+04 3.E+04 S.E+04 7.E+04 9.E+04 1.E+05 1.E+05 2.E+05 2.E+05 2.E+05

Number of element
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With the wide use of the advanced technology of CAD/
CAM in dentistry and the introduction of high strength all-
ceramic materials, the trend towards replacing the metal
fused to ceramic restorations with the highly aesthetic all-
ceramic materials is growing.>® Moreover, the tooth pre-

paration for all-ceramic materials is high in order to leave

sufficient thickness for the restored crown to withstand the
occlusal forces. In fact, the survival rate of the restored
crown is correlated with increased thickness of the crowns.
However, minimum reduction of the abutment is required
in order to protect the pulp and to increase the retention of
the crown. In order to find out the sufficient crown

Table 3 ShowsThe Number of Life Cycles [for Simulating Five Years of Intraoral Use] at Several Fatigue Axial Loads Until Failure.
Numbers in Brackets Represent Safety Factor Against Failure for Five Years

Load (N) No of Cycles (Ny) Zirconia Lithium Disilicate
Group A Group B Group A Group B
(Safety Factor) (Safety Factor) (Safety Factor) (Safety Factor)
50 750,000 12,618,449 24,227,422 3,605,271 6,922,121
(13) (15) 4.3) (7.2)
100 590,000 2,157,587.52 3,883,657 653,814,4 1,176,866
(5.5) (4.3) (1.1 (24)
120 450,000 968,000 1,887,600 302,500 589,875
(1.5) (3.5) (failure) (1.3)
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Maximum Principal Stress
Type: Maximum Principal Stress
Unit: MPa

Time: 1

7/31/2019 1:08 PM

43.493 Max
B 28798
14.102

0.59306
15288
29984
44679
59375
7407
-88.766 Min

Maximum Principal Stress 3
Type: Maximum Principal Stress
Unit: MPa

Time: 1

8/9/2019 10:56 AM

82.482 Max
E 53936
2539
3.1554
30
60247
88.793
1734
14588
~174.43 Min

Figure 8 The maximum tensile stress for B groups of Zirconia studied under axial compressive load (A) 50 N; (B) 150 N.

Maximum Principal Stress
Type: Maximum Principal Stress
Unit: MPa

Time: 1

/3172019 1:45 PM

35.557 Max
H 26265
16973

76811

1611
10903
20.195
29487
3878
-48.072 Min

A

Maximum Principal Stress
Type: Maximum Principal Stress
Unit: MPa

Time: 1

7/31/2019 1:41 PM

72.144 Max
E 53.184

329232

-88.608
-108.912 Min

Figure 9 The maximum tensile stress for B groups of lithium disilicate studied under axial compressive load (A) 50 N; (B) 150 N.

thickness that can resist the fatigue stress and survive for
short-term (1-5 years) survival rates, this study was con-
ducted using FEA. Two different thin-walled measure-
ments of commonly used dental materials, lithium
disilicate and Zirconia, were designed for a single poster-
ior crown. Moreover, the outcome of the short-term clin-
ical survival rates of these materials were also conducted
on humans in vivo.>®

This study confirms that FEA predicts that all-ceramic
CAD/CAM crowns have sufficient fatigue resistance. The
thin-walled crowns (average thickness 1.1 mm) of experi-
mental materials have lived longer than five clinical years
(under 50 N, 100 N, 120 N) loads. This agrees with
a clinical study that reported the lithium disilicate crowns
performed well after two years (when teeth were in clin-
ical service) and considered the material to be an effective
choice for all-ceramic crowns.®® In addition a systematic
review indicated that lithium disilicate restorations offer

excellent short-term survival rates (1-5 years), but the
majority of failures was reported in the posterior
region.’® A study described the fatigue failure of clinical
all-ceramic restorations was generated mainly by the
chewing process, and reported the fatigue failure resulted
from cracks growing during mastication.®’

In this study, the factors of safety guarding against
fatigue failure indicated that the experimental crowns
have large values which imply that invasive tooth prepara-
tion can be avoided and this of course is one of the out-
standing aims in restorative dentistry.

The current study evaluated the survival rate of crowns
in vitro under various cyclic forces using a combination of
S—N fatigue behavior and FEA to simulate the real beha-
vior in the oral cavity during mastication. This approach

has also been used in other studies®

as avoiding using
this approach possibly resulted in a gap between in vitro

performance and clinical observations for the materials.*’
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Figure 10 Fatigue life of the experimental crowns tested under two loading conditions; axial loading and axial loading with 0.8 mm sliding in Z axis.

Maximum Shear Stress 2
Type: Maximum Shear Stress
Unit: MPa
Time: 1

. 3.5859 Max

3.1886
2.7913
2.394

. 1.9967
1.5994

B 12021

0.80478
I 0.40748
0.010177 Min

Figure 11 Maximum shear stress at the dentin-adhesive interface at the static load.
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Table 4 Maximum Shear at the Dentin—Adhesive Interface at the
Static Load [MPa]

Load (N) Zirconia Lithium Disilicate
Group A Group B Group A Group B

50 38 34 37 33

100 45 43 44 42

However, no significant differences were found (P >
0.194) between the dynamic and static fatigue values for
the same surface treatment of Zirconia due to the small
number of cycles and the consequently high loading
force.®

Two types of cyclic fatigue loading were applied in this
study; axial loading and axial loading with 0.8 mm sliding
towards the buccal surface. The mechanical loading para-
meters chosen for this study are comparable to other

in vitro studies,®’®®

and simulated five years of intraoral
use.®”’® This study showed that applying axial loading
with 0.8 mm sliding on the crowns reduced the expected
life of Zirconia and lithium disilicate crowns.

The maximum tensile stress on the crown contour
showed three points of contact on the occlusal surface of
the crown. Using the spherical indenter in a three cusps
loading configuration, distobuccal cusp, mesiolingual cusp
and distolingual cusp, FEA successfully predicts the criti-
cal regions which have the highest tensile stress are
located at the distobuccal cusp. However, a previous
study reported the results generated in maximum principal
stress show the tensile stress pattern generated in three
regions of the prosthetic crown (occlusal face, sagittal
cut and internal surface) through a stress map.”'
A fractographic analysis of fractured crowns and correla-
tion of the maximum tensile stress is presented in
Figure 12.

C: Static Structural

Maximum Principal Stress
Type: Maximum Principal Stress
Unit: MPa
Time: 1

43.82 Max
ok
0.17352
-3.4889
-7.1513
-15.75
-15.75
-318
-47.85 Min
-47.85

Figure 13 Radial cracks on the occlusal surface.

Figure 12 Fractographic of fractured crowns.

Taking into consideration, the brittle characteristics of the
experimental CAD/CAM materials used in the study, the
failure theory confirmed that the maximum tensile stress is
responsible for the cracks developing during mastication
which finally end in the crown failure. Also, the results
confirmed that areas of restored mandibular crowns with
minimum thickness that show the highest potential for the
initiation of cracks are clearly shown on distobuccal cusp
with magnitudes of 0.37 mm and 1.06 mm for group A and
B, respectively. The radial cracks initiated through the brittle
occlusal surface at the central fossa that has the minimum
thickness (0.4 mm) (Figure 13). Those results are valid as
long as the restoration is properly seated into position and

C: Static Structural

Maximum Principal Stress
Type: Maximum Principal Stress
Unit: MPa

Time: 1

u

43.82 Max
5

0.17352
-3.4889
-7.1513
-15.75
-15.75
-318
-47.85 Min
-47.85
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a strong adhesion between the abutments and crown is pre-
sent, and an even luting cement film thickness of ~25-50 um
at the margin is guaranteed to achieve marginal accuracy and
ensure clinical reliability.

Further studies are required using FEA on other newly
developed materials and validation of FEA results by
conducting in vivo experimentation, as well as FEA
using different types and parameters of cement-adhesive
materials and various crown materials.

Conclusion

The fatigue strength of Zirconia shows superior performance
compared with lithium disilicate. The fatigue life for the
Zirconia and lithium disilicate crowns with thickness
1.1 mm exceeded five clinical years under axial load of 120
N. For all models studied, the maximum principal stresses
are located at the distobuccal cusp of the occlusal surface.
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