Published online: 2019-09-16

Original Article

Fracture resistance of veneers in premolars

Ludmilla Azevedo Linhares?, Larissa Fernanda Pottmaiert, Guilherme Carpena Lopes?

Correspondence: Dr. Ludmilla Azevedo Linhares
Email: linhares.ludmilla@gmail.com

'Department of Dentistry, Federal University of Santa
Catarina, Florianépolis, Brazil

ABSTRACT

Objective: The purpose of the study was to compare the fracture resistance of ceramic veneers and composite resin
veneers with and without dental preparation. Materials and Methods: Forty freshly extracted mandibular premolars
were selected and randomly assigned into four groups (n = 10): Group NPR = no dental preparation and direct veneer
with 0.2 mm thick composite resin (Amelogen Plus, Ultradent); Group NPC = no dental preparation and 0.2 mm thick
lithium disilicate ceramic veneer (IPS e.max Press, Ivoclar Vivadent); Group P2C = Tooth preparation of 0.2 mm and
0.2 mm thick ceramic veneer (IPS e.max Press); and Group P5C = Tooth preparation of 0.5 mm and 0.5 mm-thick ceramic
veneer (IPS e.max Press). In all groups, the restorations covered 1 mm of the occlusal surface of the buccal cusp, and the
thickness of this area was the same of the buccal area (0.2 mm or 0.5 mm). After the luting procedure, all groups were
thermocycled (10,000 cycles, 5°C-55°C) and subjected to fracture resistance test under compression (Instron 4444 with
a crosshead speed of 0.5 mm/min). The mode of failure analysis was performed under a x10 magnification. Data were
subjected to one-way ANOVA and Duncan’s post hoc test (P <0.05). Results: The mean fracture resistance (men + standard
deviation) was NPR = 690.33 + 233, NPC = 790.52 £ 408, P2C = 1131.34 + 341, and P5C = 983.56 + 202. There were
significant differences of the fracture resistance values between all groups (P = 0.013). NPR and NPC groups showed
mean values of fracture resistance significantly lower than P2C. However, P5C presented intermediate values without a
significant difference from the other groups. The mode of failure for all groups was mixed (60%), cohesive failures (20%),
root failures (15%), and adhesive failures (5%). Conclusion: Minimally invasive tooth preparation (0.2-mm) allowed
to achieve higher fracture resistance in premolars restored with lithium disilicate ceramic veneers. Attention should be
given to the 0.5 mm preparation since catastrophic fractures only happened when this preparation depth was performed.
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INTRODUCTION

Minimally invasive esthetic treatments are always
advantageous because they avoid tooth weakening
caused by reductions of tooth preparations.!! The
use of ceramic veneers has increased nowadays due
to its excellent esthetic properties and translucency!”
and are considered a reliable treatment option
for conservative esthetic restorations.’! Veneers
restorations are indicated in situations of severe dental
discoloration, tooth wear, fracture, or malformations
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of the anterior teeth.! With the constant seek for
esthetic excellence by patients and dentists, this
treatment modality is also applied in posterior teeth.!
Recent studies indicate that survival probability of
ceramic veneers is above 90% after 5 years!® and 93.5%
after 10 years.” The quality of the dental preparation
and selection of an appropriate restorative material
are important aspects to achieve long-term clinical
success. !
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Studies evaluating ceramic veneers survival report
that the chances of failure of the restorations are
significantly increased when dental preparations
expose dentin or if there is no enamel in the cervical
margin.””! In addition, a recent clinical evaluation
showed that ceramic veneers have high survival
rates when bonded to dental preparations restricted
to enamel; when dentin was exposed, there was a
significant increase on the failure rates, which were
mostly ceramic fracture or debonding.® Furthermore,
other studies reported that ceramic veneers made
without any preparation presented low survival
rates when compared to ceramic veneers bonded to
teeth with a preparation restricted to enamel.!"”!

An esthetic treatment with ceramic veneers should
seek dental hard tissues’ preservation. There are
clinical reports about minimum invasive dental
preparations from 0.3 to 0.5 mm depth in buccal
surface of tooth to be veneered,"'? once this is
approximately the enamel thickness present in
the cervical third.™ A minimally invasive dental
preparation is desired since deep dental preparations,
>0.5 mm, may expose dentin in the cervical third of
the buccal surface.l*!

The enhances in dental ceramics associated with a
highly skilled technician in dental prosthesis allow
the fabrication of high-strength ceramic veneers even
at a very thin thickness.[' There are reports showing
that lithium disilicate glass-ceramic veneers can be
fabricated in such a thin thickness that minimally
invasive preparations can be performed or even no
preparation is required.!*18!

Different types of dental reduction for veneers are
suggested in the scientific literature regarding occlusal
and incisal areas.'%%! da Costa et al.'” found that a
butt joint incisal reduction (without palatal chamfer)
is related with greater fracture resistance in veneered
tooth than tooth with an incisal reduction with palatal
chamfer. Albanesi et al.,”" in their meta-analysis,
showed that veneers with incisal involvement had
a survival rate of 88% against 91% of those without
incisal involvement.

The aim of this study was to compare two veneering
restorative techniques, indirect veneers with lithium
disilicate glass-ceramic, and direct veneers with resin
composite. In addition, the resistance to fracture and
the mode of failure were assessed. The null hypothesis
tested was that: (1) the restorative technique for
veneers (composite resin or ceramic), as well as (2) the
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depth of dental preparation on buccal surface and
occlusal reductions for ceramic veneers would not
affect premolar fracture resistance.

MATERIALS AND METHODS

Forty sound freshly extracted mandibular premolars
were used in the study. Dental calculus was removed
with periodontal curettes and teeth were stored in
distilled water at room temperature. The research
was approved by the Ethics Committee of the Federal
University of Santa Catarina (#850.087, 2014).

Teeth were marked with a millimeter probe 2 mm
below the cement-enamel junction to simulate the
periodontal ligament. Then, they were placed in
a container with heated utility wax, forming a thin
layer of 0.3 mm, and its thickness was verified with
an adapted millimeter probe. After that, they were
positioned along their long axis in PVC (Polyvinyl
Chloride) cylindrical devices and embedded in
self-cure acrylic resin, to simulate the alveolar
bone. Once the acrylic resin was completely cured,
the teeth were removed, leaving an alveolus-like
space. A polyether adhesive (Polyether Adhesive,
3M ESPE) was applied over the roots and 15 min
was allowed to pass. Then, they were covered
with a 0.3 mm layer of a polyether impression
material (Impregum Soft, 3M ESPE) to simulate the
periodontal ligament. The teeth were then returned
to the acrylic resin mold. After 6 min, the polyether
excess was removed, completing the periodontal
ligament simulation [Figure 1].

Then, the teeth were randomly divided into four
groups (n = 10), according to the esthetic veneer
restorative technique to be performed. This sample
size was determined based on previous studies, which
conducted similar investigations and used the same
sample size. 2 NPR = teeth without dental preparation
veneered with resin composite (Amelogen Plus shade
A2, Ultradent). The composite resin veneer, with 0.2 mm
thick, was extended across the buccal surface and
involved 1 mm of the occlusal surface of the buccal
cusp; NPC = unprepared teeth veneered with 0.2 mm
thick lithium disilicate glass ceramic (IPS e.max Press
A1l HT, Ivoclar Vivadent) extended across the buccal
surface, involving 1 mm of the occlusal surface of
the buccal cusp. P2C = teeth with a 0.2 mm dental
preparation on the buccal surface and occlusal reduction
of 0.2 mm, veneered with 0.2 mm thick lithium disilicate
glass-ceramic (IPS e.max Press, Ivoclar Vivadent). The
veneer was extended across the buccal surface and
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Figure 1: Periodontal ligament simulation steps and teeth embedded in acrylic. (a and b) Measuring (a) and marking (b) 2 mm below the
cement-enamel junction. (c) 0.3 mm wax layer. (d) Inclusion in acrylic resin. (e) Recovering the roots with polyether adhesive. (f) Inserting of the
impression material. (g) Tooth placement in the cylindrical device. (h) Periodontal ligament simulation finalized

involved 1 mm of the occlusal surface of the buccal cusp;
P5C = teeth with 0.5 mm dental preparation on buccal
surface, occlusal reduction of 0.5 mm, and veneered
with 0.5 mm thick lithium disilicate glass-ceramic (IPS
e.max Press, Ivoclar Vivadent). The veneer extended
across the buccal surface and involved 1 mm of the
occlusal surface of the buccal cusp [Figure 2].

The bonding procedure and the restorative protocol
used in the nonprepared group (NPR) are shown in
Table 1.

Polyvinyl siloxane (Express XT Putty, 3M ESPE)
impressions were taken from the teeth of the P2C and
P5C groups to fabricate horizontal and vertical guides
to be used in the bur preparations steps, aiming to
standardize the preparations’ depth.

Tapered diamond burs were used for dental preparation
in occlusal and buccal surfaces, according to each group
depth, aided by adapted customized-periodontal
probe, and verified with a digital caliper [Figure 3].
A high-speed handpiece turbine (~200,000 rpm) (T3
LINE E 200, Dentsply Sirona) was used with constant
water refrigeration. Dental preparations finishing steps
were performed with fine and extra-fine granulation
tapered diamond burs.

Impressions were obtained from all teeth of NPC,
P2C, and P5C with a single-step impression
technique. A light-body (Express XT, 3M ESPE) and a
heavy-body (Express XT Putty, 3M ESPE) polyvinyl
siloxane material was used. Then, they were sent to
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Figure 2: Veneer material thickness and preparation design of
experimental groups. NPR (a), NPC (b), P2C (c), P5C (d). A continuous
line means the veneer thickness and a dotted line means the preparation
depth

the dental technician to make the lithium disilicate
glass-ceramic veneers (IPS e.max Press, Ivoclar
Vivadent) according to the manufacturer’s instructions.

Glass-ceramic veneers were tried in teeth of NPC,
P2C, and P5C groups. In all these groups, teeth
were cleaned with pumice paste and a rubber cup.
All luting procedures were performed by the same
operator (LAL) using the following protocol.

The ceramic veneers were etched with 9.6%
hydrofluoric acid for 20 s, then, rinsed with water
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Figure 3: Tooth preparation with 0.2 mm deep (group P2C). Vertical
silicone orientation indexes and customized-periodontal probe
(with 0.2 mm) aiding to standardized tooth preparation deep

Table 1: Restorative procedures in the nonprepared
group
Steps

Acid etching

Restorative procedures

37.5% phosphoric acid gel (Gel Etchant,

Kerr) for 30 s all over the buccal surface and
extending 1 mm on the buccal cusp. Rinsed

off for 60 s with water and gently air-dried

The adhesive (Optibond FL, Kerr) was applied for
15 s with a disposable applicator and gently air-dried

Translux Power Blue (Heraeus Kulzer,
Hanau, Germany) for 20 s each surface

Resin composite (Amelogen® Plus, shade

A2, Ultradent Products, Inc) was applied

in one half of tooth from the middle of the
vestibular face to the proximal face. With a
customized probe, the thickness of 0.2 mm
was verified. Then, the other half of the tooth
also received the restorative material. Besides
the vestibular face, the resin composite was
also applied 1 mm over the vestibular cusp

Translux Power Blue (Heraeus Kulzer, Hanau,
Germany) for 40 s each one of the three increment

Adhesive

Light cure
(adhesive)

Restoration

Light cure
(restoration)

for 30 s, air-dried, and ultrasonically cleaned with
distilled water for 5 min. A silane-coupling agent
(Silane Primer, Kerr) was applied in the internal
surface of the ceramic and remained for 60 s [Figure 4].
Buccal and occlusal dental areas were acid-etched
with 37.5% phosphoric acid (Gel Etchant, Kerr) for
30 s, rinsed with air-water spray, and gently air-dried.
Once the dental surface was acid-etched, a light-cure
adhesive system (OptiBond FL Adhesive, Kerr) was
applied with a disposable applicator, and it was not
light-cured at this step. In cases where it was possible
to identify the presence of exposed dentin in the
cervical dental preparation area, by a visible contrast
compared to white-opaque acid-etched enamel aspect,
a hydrophilic primer (OptiBond FL Primer, Kerr)
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Figure 4: (a) 9.6% hydrofluoric acid applied in the inner surface of the
ceramic. (b) Inner ceramic surface after rising the hydrofluoric acid gel
with water and dried. (c) Silane-coupling agent application

was applied with a disposable applicator over dentin
with gentle movements for 15 s and air-dried during
5 s. Next, hydrophobic adhesive resin (OptiBond
FL Adhesive, Kerr) was applied with a disposable
applicator for 15 s, creating a thin layer and then gently
air-dried. When there was not visible exposed dentin,
only the hydrophobic adhesive resin (OptiBond FL
Adhesive, Kerr) was applied [Figure 5].

A light-cure resin cement (Nexus 3 Light-Cure, Kerr)
was applied in the inner surface of the ceramic veneer.
The ceramic veneer was placed with light finger
pressure onto the dental area; the resin cement excesses
were removed with an angled dental probe parallel
to the restoration margin and light-cured with a LED
unit (Translux Power Blue, Heraeus Kulzer) with alight
intensity of 550 mW /cm? within occlusal and buccal
surfaces for 60 s each surface. The polishing procedure
was carried out after 24 h using a sequence of abrasive
rubber points (Astropol, Ivoclar Vivadent) [Figure 6].

An aging process was performed by thermocycling
procedure. It consisted of 10,000 cycles of water baths,
with a temperature variation from 5°C to 55°C and a
dwell time of 30 s on each bath.” Then, samples were
fixed in a universal testing machine (Instron 4444,
Instron Corporation) and subjected to the fracture
resistance test under compression force. The test was
performed with a speed of 0.5 mm/min using a 2 kN
maximum load perpendicular to the buccal surface of
direct or indirect veneers, until a complete or partial
fracture of the samples. The force was applied through
a composite resin (Filtek Z100, 3M ESPE) sphere
device with 7 mm diameter®! adapted in the universal
testing machine to simulate an antagonist tooth
cusp [Figure 7]. The load at failure, in Newton (N),
required to fracture each sample was recorded and
subjected to statistical analysis. Data were analyzed
with Shapiro-Wilk normality test, one-way ANOVA,
and Duncan multicomparison post hoc test (P < 0.05).

After failure, samples were analyzed to determine
the mode of failure under x10 magnification with
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a magnifier (YC-86C, YPT, Guangdong, China).
According to Schmidt et al.,** the failure modes were
classified into four types. Type 1: cohesive failure in
restorative material (in this type of failure, fractures
are restricted to the ceramic and/or in the composite
resin veneer, not involving the dental structure);
Type 2: mixed failure (adhesive and cohesive in
restorative material); Type 3: adhesive failure (failure
in the tooth/veneer interface); and Type 4: root
fracture [Figure 8].

RESULTS

Table 2 shows the mean fracture resistance and
standard deviation (SD) values of each group. The
mean fracture resistance (n £ SD) observed was

Figure 5: (a) 37.5% phosphoric acid etching applied on the dental
preparation and extended 1 mm over dental preparation. (b) Dental
surface after rinsing off the etching gel. (c) Adhesive system application

Figure 7: Compressive loading using a 7 mm diameter composite
resin sphere
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690.33 £233in NPR, 790.52 £ 408 in NPC, 1131.34 + 341
in P2C, and 983.56 + 202 in P5C. There was a significant

Table 2: Mean fracture resistance and standard
deviation (n) per group

Groups Means*

NPR 690.33+2334
NPC 790.52+408
P5C 983.56+20248
P2C 1131.34+3418

*Means with different letters are statistically different by Duncan HSD
test (P<0.05). NPR: No dental preparation and direct veneer with 0.2
mm-thick resin composite. NPC: No dental preparation and 0.2 mm
thick lithium disilicate ceramic veneer. P2C: Tooth preparation of 0.2 mm
and 0.2 mm thick ceramic veneer. P5C: Tooth preparation of 0.5 mm
and 0.5 mm thick ceramic veneer, HSD: Honest significant difference

Figure 6: (a) Resin cement in the ceramic surface. (b) Light-curing
step thought the ceramic veneer. (c) Finishing and polishing the resin
cement margins with rubber points. (d) Ceramic veneer after finished
step

Figure 8: Representative photograph of failed specimens: (a) Type 1:
Cohesive failure. (b) Type 2: Mixed failure. (c) Type 3: Adhesive failure.
(d) Type 4: Root fracture
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difference of the fracture resistance values between
the tested groups (P = 0.013). NPR and NPC groups
showed fracture resistance values significantly
lower than P2C. However, P5C group presented
intermediate values, without a significant difference
from those of P2C, NPR, and NPC groups.

The percentage of each type of failure in each group is
shown in Table 3. P5C group (with 0.5 mm-deep dental
preparation) and P2C group (with dental preparation
of 0.2 mm) had similar fracture mode type distribution.
However, in P5C, more catastrophic failures occurred
with root fractures in 30% of the specimens. Table 3
shows the mode of failure observed in each group.

DISCUSSION

The null hypothesis was rejected since resin composite
veneers (NPR) and glass-ceramic veneers without any
tooth preparation (NPC) resulted in lower fracture
resistance values than ceramic veneer associated with
a tooth preparation of 0.2 mm (P2C).

Our results are consistent with those found in a
recent retrospective research regarding the clinical
performance of ceramic veneers, which concluded
that the survival rate of ceramic veneers was lower
in cases where adhesive cementation was carried out
on teeth without any dental preparation.'”! Magne
and Belser! claim that a minimal amount of dental
preparation is required to improve the fitting of
the ceramic veneer, and they recommend minimal
reductions to avoid ceramic over contour. Thereby,
dental preparations or dental reduction on enamel at
any depth or even enamel rotatory instrumentation
with sandpaper discs to disrupt the enamel surface
is necessary. It also contributes on improving resin
composite/resin cement bond strengths to the enamel
surface, removing the aprismatic enamel that is
present in intact enamel surface. The lower mean
fracture resistance values found in the groups without
dental preparation (NPR and NPC) can be partially

Table 3: Mode of failure observed per
group (percentage)

Groups Cohesive Mixed Adhesive Root fracture
NPR 20 70 - 10
NPC 20 70 - 10
P2C 30 60 - 10
P5C 10 40 20 30

NPR: No dental preparation and direct veneer with 0.2 mm-thick resin
composite. NPC: No dental preparation and 0.2 mm thick lithium disilicate
ceramic veneer. P2C: Tooth preparation of 0.2 mm and 0.2 mm thick ceramic
veneer. P5C: Tooth preparation of 0.5 mm and 0.5 mm thick ceramic veneer
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explained by bond strength studies. Bond strength to
intact enamel is known to be between 10% and 15%
lower compared to instrumented enamel.* !

There are some clinical evidences proving that
glass-ceramic veneers have high survival rates when
bonded strictly to enamel.””) Gresnigt ef al.*" reported
that bonding to enamel surfaces is more reliable
compared to dentin. Then, it is possible to conclude
with the results of the present study that performing
dental preparations for ceramic veneers, even the more
conservative options (as performed in P2C group)
allow higher fracture resistance under compressive
forces than the absence of preparations (NPC group).

P5C group (with 0.5 mm deep dental preparation) had
similar fracture resistance to P2C group (with dental
preparation of 0.2 mm). However, when analyzing
the failure mode of P5C, there were catastrophic
failures with root fractures in 30% of the specimens,
probably, due to the amount of hard tissue removed
during the buccal preparation and occlusal reduction,
exposing dentin. Dental preparations decrease tooth
diameter and potentially decrease tooth resistance.
Other possible explanation to the 30% of catastrophic
fractures observed in P5C is the average thickness
of enamel in the cervical third of the buccal surface
of intact teeth, varying from 0.3 mm to 0.5 mm.™!
Although dental preparations performed in the present
study were all of the same thickness (0.5 mm, in
both occlusal and buccal surfaces), four teeth from
P5C had dentin exposure in the cervical third of the
buccal surface after bur preparations as illustrated
in Figure 5b. The confirmation of this visual analysis
was only possible after the tooth preparation was
acid etched with 37.5% phosphoric acid, rinsed, and
dried. The enamel white-opaque appearance after
acid-etching increased the contrast with dentin areas
in the buccal surface cervical third [Figure 5c]. This fact
could explain the occurrence of 30% of root fractures
in this group. Clinical trials and literature review on
clinical survival rates of ceramic veneers proved that
tooth preparations for ceramic veneers exposing dentin
significantly increased the veneers failure rates.*"!

In addition, since bonding to dentin is known to be
weaker than it is to enamel, this could be the possible
reason for the 20% of adhesive fractures observed in
P5C group. Specimens from P5C group that presented
adhesive fractures were the same specimens that had
dentin exposure in the buccal surface in the cervical
third after being acid etched with 37.5% phosphoric
acid, rinsed, and air-dried.
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P2C and P5C groups showed that the highest mean
fracture resistance values, being higher than the
maximum human physiological and masticatory
load, reported to be of 880 N.? The maximum
biting load, which can reach 900 N,*! was also
higher than the mean values of fracture resistance
achieved in P2C and P5C. The mean values of
fracture resistance for NPR and NPC groups
did not achieve those magnitudes (880-900 N).
Between the restorative techniques for esthetic
veneers tested in the present study, esthetic veneers
performed without dental preparation (either with
light-cured resin composite and lithium disilicate
glass ceramic) resulted in lower values of resistance
to compression.

The results of the present study showed that the
groups restored with lithium disilicate glass-ceramic
veneers presented fracture resistance values varying
between 790 and 1.131 N. The mean fracture resistance
values were similar to those found in another recent
laboratory study that compared crowns made with
two ceramics on posterior teeth and also considered
those values satisfactory for ceramic restorations’
survival.? Nevertheless, when compared to lithium
disilicate glass ceramic overlays with 2 mm thickness
that showed a mean fracture resistance of 2.522 N, the
fracture resistance results in the present study were
lower.[!

Some studies suggested that dental preparations’
depth for ceramic veneers should vary from 0.2 mm
to 1 mm,*>151718 and deeper dental preparations
are primarily pointed out for teeth with severe
discoloration.** Our results support this conservative
approach for glass-ceramic veneers. Our results
support this conservative approach for glass-ceramic
veneers, because to 0.2 mm thickness dental preparation
(buccal surface and occlusal reduction) was sufficient
to result in the highest values of fracture resistance
to compression. Then, it is worth pointing out the
use of lithium disilicate glass-ceramic veneers (70%
weight of crystal phase)®! with minimally invasive
preparations, even in areas of masticatory efforts.

CONCLUSION

Within the limitation of this in vitro study, the highest
fracture resistance was observed when 0.2 mm lithium
disilicate glass-ceramic veneers were bonded to
premolars with a 0.2 mm dental preparation, compared
to the other tested techniques to veneer premolars.
Attention should be given to the 0.5 mm dental
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preparation since catastrophic fractures only happened
when this preparation depth was performed.
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