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and Canines Restored With Ceramic
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Clinical Relevance

Fracture loads of canines and maxillary central incisors are not affected by the veneer
preparation design (eg, conservative or conventional preparation with palatal chamfer).
However, conventional preparation generated higher tensile stress in the ceramic veneer.

SUMMARY

Purpose: To evaluate the survival rate, success
rate, load to fracture, and finite element anal-
ysis (FEA) of maxillary central incisors and
canines restored using ceramic veneers and
varying preparation designs.
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Methods and Materials: Thirty human maxil-
lary central incisors and 30 canines were
allocated to the following four groups (n=15)
based on the preparation design and type of
tooth: Grl = central incisor with a conserva-
tive preparation; Gr2 = central incisor with a
conventional preparation with palatal cham-
fer; Gr3 = canine with a conservative prepara-
tion; Gr4 = canine with a conventional
preparation with palatal chamfer. Ceramic
veneers (lithium disilicate) were fabricated
and adhesively cemented (Variolink Veneer).
The specimens were subjected to 4 X 10°
mechanical cycles and evaluated at every
500,000 cycles to detect failures. Specimens
that survived were subjected to a load to
fracture test. Bidimensional models were mod-
eled (Rhinoceros 4.0) and evaluated (MSC.Pa-
trans 2005r2 and MSC.Marc 2005r2) on the
basis of their maximum principal stress
(MPS) values. Survival rate values were ana-
lyzed using the Kaplan-Meier test (o = 0.05) and
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load to fracture values were analyzed using
the Student ¢-test (o = 0.05).

Results: All groups showed 100% survival
rates. The Student ¢-test did not show any
difference between the groups for load to
fracture. FEA showed higher MPS values in
the specimens restored using veneers with
conventional preparation design with palatal
chamfer.

Conclusion: Preparation design did not affect
the fracture load of canines and central inci-
sors, but the veneers with conventional prep-
aration design with palatal chamfer exhibited
a tendency to generate higher MPS values.

INTRODUCTION

Solving esthetic problems in the anterior teeth is a
challenge for restorative dentistry. For many years,
full coverage restorations were the most highly
preferred option for treating esthetic defects.® How-
ever, such restorations are invasive and cause great
loss of tooth structure.

Preparations for ceramic veneers conform to the
concept of conservative dentistry with minimally
invasive procedures. This has contributed to the
widespread use of this technique.? In addition, this
technique has been used successfully to correct such
defects as stains, small fractures, and diastemas and
to improve a patient’s esthetic condition.?®

Laboratory studies have shown similar load to
fracture values between specimens restored using
ceramic veneers and varying preparation designs
and between healthy teeth or teeth restored using
full crowns.®® Besides, researchers have shown
survival rates greater than 90% in the first 5 years
of clinical function for teeth restored using ceramic
veneers,' 1 concluding that ceramic veneers are a
good alternative for restoring anterior teeth.

Clinical studies present the strongest evidence for
a material or a restorative technique. However, such
studies are expensive and not easy to conduct.'®
Therefore, laboratory studies are important tools for
obtaining data because they permit comparison of
different materials under standardized conditions.'®
The aging protocols of mechanical cycling subject the
specimens to load, temperature, and humidity
conditions similar to those experienced in the oral
environment. In addition, this test is able to induce
crack propagation to the point of catastrophic
failure, as observed in clinical function.'”!®

Nondestructive tests such as finite element anal-
ysis (FEA), which are associated with in vitro tests,

permit a better understanding of the different
phenomena that occur in the tested specimens.!?:?°
FEA offers a better overview of the stress distribu-
tion at an interface or inside a material, thus
permitting an accurate check of the system’s behav-

IOI'.21

Although clinical studies have reported good
survival rates for teeth restored using ceramic
veneers, there have been no studies determining
which preparation design is best suited for canines
and central incisors specifically. In addition, there
are no studies elucidating the principal cause of
ceramic veneer failures by aging the specimens
through mechanical cycling or evaluating the be-
havior of different teeth restored using laminate
veneers on the basis of survival rates.

Hence, this study aims to evaluate the survival
rate and mechanical behavior of canines and
maxillary central incisors restored using ceramic
veneers and varying preparation designs, by using
mechanical cyclic aging, load to fracture test, and
FEA. The following hypotheses were tested: (1)
canines restored using ceramic veneers and varying
preparation designs will show the same values of
load to fracture and survival rate; (2) maxillary
central incisors restored using ceramic veneers and
varying preparation designs will show the same
values of load to fracture and survival rate; and (3)
tensile stress distribution will be similar in all the
models, independent of the preparation design.

METHODS AND MATERIALS

The product names, manufacturers, chemical com-
positions, and batch numbers of the materials used
in the study are listed in Table 1.

Selection, Embedding, and Standardization of
Specimens

Sixty human teeth (30 canines and 30 maxillary
central incisors) were selected for the study. Teeth
were analyzed at 4X magnification using the follow-
ing selection criteria: no caries or previous restora-
tions, no cracks, and presence of completely formed
apexes. After the selection process, teeth were
cleaned, disinfected, and stored in distilled water
(4°C) until use.

To simulate the periodontal ligament, the labio-
lingual and mesiodistal dimensions were recorded at
three different points on the root of each tooth.
Utility wax was then liquefied at a temperature of
70°C and applied on the root with a paintbrush up to
3 mm below the cementoenamel junction. New
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Table 1:  Material, Manufacturer, Chemical Composition and Batch Number of the Products Used in the Study

Material Manufacturer

Chemical Composition Batch No.

IPS e.max Press Ilvoclar Vivadent, Schann, Liechtenstein

Principal component: SiO,; additional P87414
components: Li,O, K,0, Mg0O, ZnO, ALLO.

Total Etch Ivoclar Vivadent, Schann, Liechtenstein

37% phosphoric acid R22282

Porcelain Conditioner Dentstply, Petrépolis, RJ, Brazil

10% hydrofluoric acid 229431B

Excite F Ilvoclar Vivadent, Schann, Liechtenstein

Contains phosphoric acid acrylate, 2- R23729
hydroxyethyl methacrylate, dimethacrylate,
highly dispersed silicone dioxide, initiators,
stabilizers, and potassium fluoride in an alcohol
solution

Variolink Veneer Ivoclar Vivadent, Schann, Liechtenstein

Is composed of dimethacrylates, silicon P71541
dioxide; and ytterbium trifluoride; additional
content: catalysts, stabilizers, and pigments;
total content of inorganic filler is 40 vol%; filler
particle sizes range from 40 nm to 300 nm

Monobond Plus Ivoclar Vivadent, Schaan, Liechtenstein

Alcohol solution of silane methacrylate, R26662
phosphoric acid methacrylate, and sulphide
methacrylate

measurements of the root dimensions, at the same
points as those previously measured, were taken
until a homogeneous wax thickness of 0.3 mm was
obtained.??

The specimens were then embedded, up to the
same level as the wax, in metal matrices containing
autopolymerizing acrylic resin. After the acrylic
resin had cured, the specimens were removed from
the matrices; the wax was detached from the root
surface and removed from the space created in the
acrylic resin. Later, an elastomeric material (Impre-
gum, 3M ESPE, St Paul, MN, USA) was manipulat-
ed and inserted into this space. The specimen was
then repositioned and the excess polyether was
removed using a scalpel.

Randomization and Preparation of the
Specimens

After the specimens had been standardized, they
were randomly allocated to the following four groups
based on preparation design and type of tooth: Grl =
maxillary central incisor with a conservative prep-
aration; Gr2 = maxillary central incisor with a
conventional preparation with palatal chamfer; Gr3
= canine with a conservative preparation; and Gr4 =
canine with a conventional preparation with palatal
chamfer. Randomization was performed by number-
ing the canines and the incisors from 1 to 30 and
generating two sequences of 30 numbers by using a
randomization program (Random Allocation, devel-
oped by M. Saghaei, Department of Anesthesia,
University of Medical Sciences of Isfahan, Isfahan,

Iran) to obtain homogeneous groups, thus reducing
the possibility of bias in the future results.

Before starting the tooth preparation, a silicone
mold of each specimen was obtained to control the
veneer preparation thickness. Teeth were prepared
by a single trained operator. The conservative
preparation involved reducing the facial surface by
1 mm. The conventional preparation with palatal
chamfer involved reducing the facial surface by 1
mm and the incisal edge by 2 mm; the chamfer’s
height and width were 1 mm each. Preparations
were extended to the cementoenamel junction and
the margins were confined to the enamel. Prepara-
tions were executed with a regular rotatory diamond
instrument (4137F, KG Sorensen, Cotia, Brazil) and
finishing procedures were executed with a fine-grain
diamond rotatory instrument (4138FF, KG Soren-
sen). Each diamond instrument was discarded after
preparing three specimens.

Modeling Procedures and Obtaining of
Ceramic Veneers

Specimens were molded using an elastomeric
material (Express XT, 3M ESPE), and the master
casts were obtained in a Type IV dental stone (Elite
Rock, Zhermack, Badia Polesine, Italy). On each
master cast, the laminate veneer was built up with
vegetal wax (GEO, Renfert, Hilzingen, Germany) by
using the mold obtained before the tooth prepara-
tion. Thereafter, ceramic restorations were fabri-
cated using lithium disilicate ceramic ingots (IPS
e.max Press, Ivoclar Vivadent, Schaan, Liechten-
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Figure 1. (A): Mesh obtained (canine with palatal chamfer). (B): Closer view showing the adequate relation between the elements.

stein) in accordance with the manufacturer’s in-
structions.

Cementation Procedures

The enamel and dentin were conditioned with 37%
phosphoric acid (Total Etch, Ivoclar Vivadent) for 20
seconds and 15 seconds, respectively. Surfaces were
washed with distilled water and dried with absor-
bent papers. The total-etch adhesive system (ExciTE
F, Ivoclar Vivadent) was applied to the surfaces for
20 seconds, air-sprayed, and then photoactivated
(Radii Cal, SDI, Bayswater, Australia) for 20
seconds.

The ceramic surfaces were etched with 10%
hydrofluoric acid (Porcelain Conditioner, Dentsply,
Petropolis, Brazil) for 20 seconds; a silane coupling
agent (Monobond Plus, Ivoclar Vivadent) was ap-
plied and allowed to react for 3 minutes. A resin
cement (Variolink Veneer, Ivoclar Vivadent) was
then applied on the internal surface of each laminate
veneer. The restorations were cemented onto the
corresponding teeth, excess resin cement was re-
moved, and photoactivation (Radii Cal, SDI) was
performed for 20 seconds on each face. All cementa-
tion procedures were performed by a single trained
operator.

Mechanical Cyclic Aging and Periodic
Evaluation

After the cementation procedures were completed,
specimens were positioned at a 45° inclination and
immersed in water at 37°C in a fatigue simulator
(Erios ER 11000, Erios, Sdo Paulo, Brazil). A
stainless steel piston with a flat surface was
positioned on the incisal portion of each specimen,;
4 x 10° cycles were induced with a load of 100 N, at a

frequency of 4 Hz. Between the piston and the
specimen, a polyester matrix strip was positioned.

After every 500,000 cycles, the specimens were
analyzed in a stereomicroscope (Discovery V-20,
Zeiss, Gottingen, Germany) for the following out-
comes: ceramic veneer irreparable fracture, ceramic
veneer decementation, and ceramic veneer cracks. If
an event was noted, the specimen received a score
that was then used to calculate the survival rate.

Load to Fracture Evaluation

The specimens that did not fail during mechanical
cycling were positioned in a universal testing
machine (EMIC DL 2000, EMIC, Sido José dos
Pinhais, Brazil) at a 45° inclination. A stainless steel
piston with a flat surface was used to induce a load
until the specimens fractured.

Failure Mode Evaluation

All fractured specimens were analyzed using a
stereomicroscope (Discovery V-20, Zeiss), and the
type of failure was classified based on the following
criteria: type I = veneer decementation; type II =
ceramic veneer fracture without fracture of coronal
structure; type III = coronal dental fracture; Type IV
= reparable root fracture above the simulated
periodontal ligament; and type V = catastrophic
root fracture below the simulated periodontal liga-
ment.

Finite Element Analysis

Bidimensional models were obtained via computer-
assisted design software (Rhinoceros 4.0). The dental
structures were modeled using values from the
literature,?>?* and other structures (periodontal
ligament, acrylic resin, resin cement, laminate
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Figure 2.  (A): External elements of acrylic resin were fixed at the x, y, and z axes. (B): Force applied on the elements at the incisal portion.

veneer) were modeled by replicating the laboratory
characteristics and dimensions.

The models were extracted to a preprocessing
software (MSC.Patran 2005 r2) and the mesh
conditions (Figure 1) were generated by quadrilat-
eral elements (QUAD 4) in the plane strain condi-
tion. The number of elements varied for each model
as follows: 29,769 elements for canine with conven-
tional preparation with palatal chamfer; 30,723
elements for canine with conservative preparation;
30,456 elements for central incisor with conventional
preparation with palatal chamfer; and 29,327 ele-
ments for central incisor with conservative prepara-
tion.

The external elements of the acrylic resin had
their movement restricted in all axes (x, y, and z)
(Figure 2A), and a load of 100 N was applied on the
incisal region at a 45° inclination (Figure 2B). The
materials were considered isotropic, homogeneous,
and linear, and their properties were provided in
accordance to the literature (Table 2). Finally, the
models were analyzed using a postprocessing soft-
ware (MSC.Marc 2005 r2) to verify the distribution
and direction of maximum principal stress (Max o)
in the ceramic veneer restoration and on the dentin
surface.

Statistical Analysis

Initially, the sample size was calculated. Based on a
standard deviation of 150 N, with differences of 200
N between groups, conferring a significance level of
5% and a power sample of 95%, the sample size
estimated was 12 specimens per group. However, as
the power sample would be almost 99% with a

sample size of 15 specimens, we selected 15 speci-
mens per group.

Survival rates were evaluated by Kaplan-Meier
and log-rank tests (o = 0.05). The load to fracture
values were evaluated using the Student ¢-test (o =
0.05). One Student ¢-test was performed to compare
values between canines, and another Student ¢-test
was performed to compare values between central
incisors. Statistix 8 (Analytical Software, Tallahas-
see, FL, USA) software was used for data analysis.

RESULTS

The restorations did not fail after mechanical
cycling, generating Kaplan-Meier survival rates of
100% for all the groups and no statistically signifi-
cant differences between them. Student ¢-tests did
not show any influence of preparation design on the
load to fracture values (Table 3). The failure mode
analysis (Table 4) showed the highest number of
catastrophic root fractures (below periodontal liga-

Table 2:  Materials, Elastic Modulus, and Poisson
Coefficient
Material Elastic Modulus Poisson
(GPa)

Dentin® 18.6 0.31
Resin cement®® 2.6 0.33
Acrylic resin®” 2.7 0.35
Enamel® 46.8 0.3
Lithium disilicate based

ceramic (IPS.emax Press)? 95 0.3
Dental pulp®® 0.003 0.45
Polyether® 0.05 0.45
2 Manufacturer’s information (Ivoclar Vivadent, Schaan, Lietchteinstein).
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Table 3:  Mean, Standard Deviations (Newtons), and
Statistical Values After Student t-Test (»=0.05)
for the Fracture Load Values?

Preparation Teeth
Canine Central Incisor
Conservative 705.6 (131.8)B 519.3 (171.2)°
(p=0.193) (p=0.166)

Palatal chamfer 638.8 (141.9)8 441.9 (123.4)°

2 |dentical letters represent similar statistical results (comparisons between
columns).

ment) (Figure 3), followed by coronal dental frac-
tures.

By FEA, groups subjected to the conventional
preparation with palatal chamfer showed higher
tensile stress values in ceramic restorations (Figure
4) compared with the other groups, when using the
restorative material (lithium disilicate ceramic). All
models showed tensile stress values in the palatal
cervical region of the root; models subjected to
conventional preparation with palatal chamfer
showed slightly higher values than the other groups
(Figure 5).

The directions of the tensile stress vectors both in
the ceramic veneer and in the root dentin are shown
in Figures 6 and 7, respectively.

DISCUSSION

Some methodologic aspects are important in guar-
anteeing the quality and reliability of a study. A
reliable randomization process and an adequate
sample size are examples of aspects that increase
the authenticity of a study.?! In this study, the use of
a computer program to randomize the specimens
reduced the possibility of bias interfering with the
results.?! Besides this, the power analysis performed
was important to avoid any misinterpretation of the
results, by rightly rejecting the null hypothesis when
it is indeed false.??

After mechanical cyclic aging and periodic evalu-
ations, the Kaplan-Meier test did not show statisti-
cally significant differences between the groups,
thereby confirming the first and second hypotheses
of this study. The survival rate values observed in
this study (100%) differ from the values observed by
Stappert and others.® However, Stappert and others®
cycled their specimens by using an ellipsoidal curve
pattern with horizontal and vertical components
that generated an impact on the palatal surface.
This pattern of cycling could have induced too much
stress on the specimens and therefore may explain
the difference in the study results.

On the other hand, when we compared the
survival rates of this study with those of clinical
studies, we observed similarities between the val-
ues. 101214153334 gmales and Etemadi'® Guess and
Stappert!® and D’arcangelo and others®* did not
record any catastrophic failures in their specimens
during the first 4 years of clinical service. The 4 x 10°
mechanical cycles performed in our study correspond
to 4 years of clinical function,'® thus reinforcing the
similarities between the studies.

The high survival rate values, observed both in
this in vitro study and in clinical studies, could be
related to the excellent adhesion achieved between
both the resin cement-ceramic interface and the
resin cement-dental substrate interface in this type
of restoration. For ceramic, the surface treatment
protocol is well established in the literature, showing
high and stable bond-strength values.?*® As for the
tooth substrate, the adhesive procedure performed
during the ceramic veneer cementation is basically
on the enamel. This guarantees a good pattern of
union and is mentioned by some authors as the

reason for the success of this restorative tech-
nique, 12:14:33,34,39.40

Another factor that could have influenced the
survival rates in this study is the methodology used
to detect cracks in the restoration. Evaluation under

Table 4:  Amount and Percentage of Failure Mode for Each Group

Preparation Groups

Mode of Failure?

Type | Type Il Type lli Type IV Type V
Canine with conservative preparation 0 0 4 (27%) 1 (6%) 10 (67%)
Canine with palatal chamfer 1 (6%) 1 (6%) 0 5 (34%) 8 (54%)
Central incisor with conservative preparation 0 0 3 (11%) 1 (6%) 11 (73%)
Central incisor with palatal chamfer 1 (6%) 1 (6%) 2 (13%) 3 (21%) 8 (54%)
Total 2 (3%) 2 (3%) 9 (15%) 10(17%) 37 (62%)

#Type |, veneer decementation; type Il, ceramic veneer fracture without fracture of coronal structure; type Ill, coronal dental fracture; type IV, reparable root fracture
above the simulated periodontal ligament; type V, catastrophic root fracture below the simulated periodontal ligament.
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Figure 3.  Representative image of an irreparable root fracture.

a stereomicroscope, without the use of a dye solution
may not be capable of detecting cracks.

In relation to the load to fracture values, the
Student ¢-tests did not show any statistically
significant difference between the preparation de-
signs, independent of the type of tooth restored,
thereby confirming the first and second hypotheses
of the study and corroborating the findings of some
studies.®*>*2 On the other hand, the findings of
other studies did not agree with our results.”?4344
The fact that these studies used different design
parameters, such as a different region of applied load
during the load to fracture test, no aging of the
specimens, use of different ceramic materials for
tooth restoration, and difference in the thickness of
ceramic restorations, could have contributed to the
absence of similarities between the results.

The failure mode analysis showed a predominance
of root fractures (Table 4). These data are in
accordance with findings of other laboratory studies
that used the incisal edge to apply the load during
the load to fracture test.®"*1*2 However, this failure
mode was not observed in clinical studies, which
show a predominance of ceramic veneer fractures
and decementation failures.!%:1%141533.34 Thig could
be a limitation of the load to fracture test. Hence,
reproducing failures similar to those seen in clinical
function could be an area of improvement for future
studies.

We conducted an FEA using a two-dimensional
(2D) model instead of a three-dimensional model.
Although three-dimensional models can better re-
produce the clinical characteristics, in some cases,
this model can hinder the obtainment of a fine mesh,
especially in thin regions (resin cement and ceramic
finish lines).%® Moreover, there are studies validat-
ing the use of 2D models to evaluate restored
teeth.*6*® Magne and Douglas*® stated that the
mechanical events that occur in teeth restored using

laminated veneers are in the vestibulolingual plane,
thereby supporting the use of a 2D plane strain
model for evaluating the scenario.

In the present study, FEA showed a difference in
the tensile stress distribution between the models,
thereby rejecting the third hypothesis of this study.
Independent of the type of tooth, FEA showed that
specimens prepared with the conventional design
with palatal chamfer generated higher tensile stress
values in ceramic restorations compared with teeth
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Figure 4.  Maximum principal stress distribution in the ceramic
veneer.
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Figure 5.

Figure 6.
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Figure 7.  Values and direction of the maximum principal stress vectors in the root dentin.

subjected to the conservative preparation (Figure 4).
This result is in accordance with that of the Magne
and Douglas*® study but not the study performed by
Zarone and others (2005).%° The difference observed
between the present study and Zarone’s study could
be related to the fact that Zarone used Von Mises
stress for analysis, fixed the movement of the
elements located on the external surface of the root,
and simulated a laminate veneer with a 0.5 mm
thickness.

The differences in the tensile stress distribution of
the models did not influence the mode of failure
between the groups. However, it is possible to
suppose that teeth prepared with the conventional
design with palatal chamfer present a higher
possibility of suffering a restoration fracture. This
is corroborated by the direction of the tensile stress
vectors seen in the veneer (Figure 6). Although no
relation to any mode of failure could be established
in the present study, the tensile stress distribution
and tensile stress vector directions were in agree-
ment with the mode of failure observed in clinical
studies, 10:11:34.50

The FEA also showed a tensile stress concentra-
tion in the root dentin (Figure 5). This distribution,
in addition to the tensile stress vector direction in
the root dentin, can explain the pattern (Figure 3)
and incidence (Table 4) of root fractures observed in
this study. The incidence of root fractures could be
related to the mechanical properties of the ceramic
material used to fabricate the restorations (lithium

disilicate, IPS e.max Press, Ivoclar Vivadent) and to
the quality of adhesion achieved between the
interfaces, turning the lithium disilicate into an
interesting material for ceramic veneer restoration.
It is possible that if a fragile material (a feldspathic
ceramic) had been used, the mode of failure and the
results of this research might have been different.

CONCLUSION

Based on the results we conclude that (1) conserva-
tive preparations and conventional preparations
with palatal chamfer, whether performed on canines
or maxillary central incisors, generate similar load to
fracture and survival rate values; (2) conventional
preparation with palatal chamfer generates higher
maximum principal stress concentration in the
laminate veneer compared with conservative prepa-
ration.
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