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Fracture strength of teeth restored
with milled ultrathin occlusal
veneers made of polymer-infiltrated
ceramic
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The purpose was to evaluate, in vitro, the fracture strength of teeth restored
with 0.3- or 0.6-mm-thick occlusal veneers made of Vita Enamic® bonded to
enamel or dentin. Fifty third molars were allocated into five groups (n=10):
Group C - control (sound teeth); Group 0.3E - 0.3-mm-thick occlusal veneers
bonded to enamel; Group 0.6E - 0.6-mm-thick occlusal veneers bonded to
enamel; Group 0.3D - 0.3-mm-thick occlusal veneers bonded to dentin; Group
0.6D - 0.6-mm-thick occlusal veneers bonded to dentin. After luting with
Single Bond Universal and Filtek Z-100, the samples were subjected to fracture
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strength test in a universal testing machine. The fractures were classified as
irreparable and reparable. Data were analyzed with 2-way and 1-way ANOVA
(=.05) followed by Tukey's test. The teeth restored with 0.3-mm-thick
occlusal veneers (2658 N) achieved significantly higher fracture strength
compared to the teeth restored with 0.6-mm-thick occlusal veneers (2070 N)
(p=0.017). The teeth restored with occlusal veneers bonded to enamel (2648
N) had significantly higher fracture strength compared to the teeth restored
with occlusal veneers bonded to dentin (2049 N) (p=0.015). Group C (3355 N)
and Group 0.3E (2965 N) did not differ significantly from each other, being
the fracture strength significantly higher than the other groups (p<0.05). The
fractures were predominantly reparable. The teeth restored with 0.3-mm-thick
occlusal veneers achieved higher fracture strength compared to the teeth
restored with 0.6-mm-thick occlusal veneers. The supporting substrate
influenced the fracture strength, which was higher for the teeth restored with
occlusal veneers bonded to enamel.
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Introduction

The continuous reduction of tooth enamel occurs with advancing age. However, there are events
that can cause early loss of this tissue, such as erosion due to gastroesophageal reflux, high consumption
of acidic foods and beverages, medications, and nervous bulimia. In addition, bruxism is a common
parafunctional habit, and one of the possible sequelae is tooth wear (1). Regardless of the origin, severe
wear of dental tissue causes aesthetic and functional problems (2).

Ultrathin occlusal veneers have been used to restore the occlusal vertical dimension (OVD) as well
as the aesthetic with minimally invasive preparations that allow greater preservation of the dental
structure and maintenance of pulp vitality (3,4). Different materials are available for computer-aided
design/computer-aided manufacturing (CAD/CAM) technology, which has been used more frequently in
the manufacture of ultrathin restorations in the last 10 years (5).

Among the different materials, lithium disilicate ceramic for the manufacture of ultrathin occlusal
veneers has been shown to be a conservative choice to traditional inlays, onlays and full crowns,
demonstrating promising results (3,4,6). Nanoceramic composite represents another alternative for
ultrathin occlusal veneers, showing superior results for fatigue resistance in relation to lithium disilicate
ceramic (3,4). Another material, called hybrid ceramic, consists of a polymer-infiltrated ceramic network
material (PICN). This material has two different components: a network of sintered ceramic infiltrated
by a resin matrix. The aim of this new material is to allow ultrathin restorations (0.2-0.5-mm), faster
milling without cracks in the ceramic blocks, and good mechanical behavior after luting (7).

Few studies have evaluated the fracture strength of ultrathin occlusal veneers made of PICN
bonded to enamel (8,9) or bonded to dentin (6,10). Regarding fracture, different minimal occlusal
thicknesses were evaluated, including 0.5 mm (9,11), 0.5 mm or 1.0 mm (8,10), and 0.6 mm or 1.5 mm


https://orcid.org/0000-0001-5685-4521
https://orcid.org/0000-0002-3021-1701
https://orcid.org/0000-0002-5680-1769
https://orcid.org/0000-0002-9080-7785
https://orcid.org/0000-0002-3266-8350

(6). The studies concluded that ultrathin occlusal veneers made of PICN are suitable for use in the
posterior region (6,8,10). In addition, the concepts of minimally invasive cosmetic dentistry and minimally
invasive prosthetic procedure have been rising with time, demanding restorations with very low
thicknesses (12). However, it would be interesting to evaluate thinner occlusal veneers, such as 0.3-mm-
thick veneers, since the material has this indication (13).

There are different degrees of dental erosion. The mineral loss may be only on the enamel, or it
may progress and expose the dentin (1,2). Therefore, restorations are bonded to enamel and/or dentin,
and the supporting substrate may affect the fracture strength of the restorations (14). According to
Facenda et al. (14) substrates with greater elastic modulus promoted greater fracture strength values of
PICN. Therefore, the literature lacks studies assessing, under the same methodology, the fracture strength
of thinner occlusal veneers made of PICN, such as 0.3-mm-thick veneers bonded to enamel or dentin
substrates. The purpose of this laboratory study was to evaluate the fracture strength of teeth restored
with 0.3- or 0.6-mm-thick occlusal veneers made of PICN bonded to enamel or dentin. The hypotheses
of the study were that (i) the thickness of the occlusal veneers and (ii) the substrate influence the fracture
strength of the teeth restored with ultrathin occlusal veneers.

Material and Methods

Tooth selection

The Ethics Committee (55675416.7.0000.5336) approved the study protocol. Fifty human third
molars, extracted for therapeutic reasons and free of restorations, caries, cracks or fractures, were
selected after measurement of the mesiodistal (= 10.5 mm) and buccal-lingual (= 9.5 mm) dimensions
with a digital caliper (500-197-20 Mitutoyo, Kawasaki, Japan). A 0.5-mm variation for each
measurement was accepted with the objective to standardize the dimensions of the teeth. The teeth
were cleaned, disinfected in 0.5% chloramine T solution for 24 h, stored in distilled water at 4°C, and
used within 4 months. The teeth were randomly allocated into five different groups (n=10): Group C -
control (sound teeth); Group 0.3E - 0.3-mm-thick occlusal veneers made of Vita Enamic® (VITA
Zahnfabrik, Bad Sickingen, Germany) bonded to enamel; Group 0.6E - 0.6-mm-thick occlusal veneers
bonded to enamel; Group 0.3D - 0.3-mm-thick occlusal veneers bonded to dentin; and Group 0.6D -
0.6-mm-thick occlusal veneers bonded to dentin. One trained operator performed all experimental steps.

Periodontal ligament simulation

The periodontal ligament was artificially created with vinyl polysiloxane. The root portion was
covered by a layer of adhesive (Universal Tray Adhesive, Zhermack, Rovigo, Italy) and left to dry.
Subsequently, a thin layer of regular viscosity vinyl polysiloxane (Express Standard - 3M, St. Paul, MN,
USA) was applied over the adhesive with a brush.

Tooth preparation

The roots of each tooth were mounted vertically in a plastic cylinder with self-cured acrylic resin
up to 2 mm from the enamel-cement junction (ECJ). After polymerization of the acrylic resin, the samples
were immersed in distilled water at 4°C. The preparations were standardized. a) Preparation on enamel:
The depth of the preparation was made on enamel using the half active tip of a 2135 diamond bur (KG
Sorensen, Cotia, SP, Brazil) at high speed under air-water spray. The finish of the preparation was
performed with diamond burs 2135F and 2135FF (KG Sorensen, Cotia, SP, Brazil). The cusps inclination
was maintained (Figure 1).

Figure 1: Preparation of the tooth on enamel.
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Preparation on dentin: The exposure of occlusal dentin was performed with a 4138 diamond bur
(KG Sorensen, Cotia, SP, Brazil) operating at high speed under air-water spray. The buccal and lingual
margins were approximately 2.4 to 2.7 mm above the central groove and 5 mm from the ECJ. The cusps
inclination was maintained (Figure 2). The finish of the preparation was performed with diamond burs
4138F and 4138FF (KG Sorensen, Cotia, SP, Brazil).

Figure 2: Preparation of the tooth on dentin.

Manufacturing the restorations

First, reflective titanium (VITA Zahnfabrik, Bad Sickingen, Germany) was applied on the tooth
preparation, which was scanned with an optical 3D intraoral camera (Cerec software, version 4.1, Sirona
Dental Systems GmbH, Bensheim, Germany). A three-dimensional virtual image was created, and the
CAD/CAM occlusal veneers were shaped according to the occlusal anatomy of a right second lower molar.
The thicknesses of 0.3- or 0.6-mm occlusal veneers were defined by the software, and the virtual die
spacer was set at 50 um. Forty occlusal veneers made of a polymer-infiltrated ceramic network (PICN -
Vita Enamic®, VITA, Zahnfabrik, Germany) were fabricated in the milling unit inLab MC XL (Dentsply
Sirona, Charlotte, NC, USA): twenty 0.3-mm-thick occlusal veneers and twenty 0.6-mm-thick occlusal
veneers were fabricated. The occlusal veneers were checked and fitted to the prepared teeth and then
polished with a specific Vita Enamic clinical polish kit (VITA, Zahnfabrik, Germany).

Bonding procedure

The inner surface of the occlusal veneers was etched with 5% hydrofluoric acid (Condac Porcelain
- FGM, Joinville, SC, Brazil) for 60 s, then rinsed off with forceful water spray for 30 s. The silane
Scotchbond Ceramic Primer (3M/ESPE, St. Paul MN, USA) was applied and dried gently for 5s. On the
tooth preparation, phosphoric acid at 37% (Condac - FGM, Joinville, SC, Brazil) was applied on enamel
for 30 s and on dentin for 15 s, rinsed for 30 s and dried with cotton buds. The adhesive system Single
Bond Universal (3M/ESPE, St. Paul MN, USA) was applied to both fitting surfaces of the occlusal veneer
and the tooth, and dried gently for 5 s. The resin composite Filtek Z-100 (3M/ESPE, St. Paul MN, USA),
preheated to 69°C (HotSet - Technolife), was applied to the inner surface of the occlusal veneer.
Immediately, the occlusal veneer was positioned on the preparation, followed by the application of a 1-
kg load. The excess of preheated resin composite was removed, and each face of the occlusal veneer was
light-cured for 20 s with an LED light unit (VALO, Ultradent, South Jordan, UT, USA) with a light intensity
of 1,000 mW/em? The light intensity was monitored with an LED radiometer (SDI, Bayswater, Vic,
Australia). The samples were kept in distilled water at 37°C for 24 h.

Fracture strength testing

After storage, the samples were submitted to a fracture strength test using a DL-2000 universal
testing machine (EMIC, Sdo José dos Pinhais, PR, Brazil) with a 10-kN cell load. A 6-mm-diameter metal
sphere, connected to the load cell, was positioned on the occlusal surface of the veneers to achieve
tripodization of contacts along the cuspal inclines over the central fossa. The compression load was
applied at a crosshead speed of 1.0 mm/min until failure. The values of maximum force were recorded
in Newtons (N).

Fracture mode analysis

After visual examination, the fractures were classified as follows: a) reparable (fracture at the
occlusal veneer only, or fracture that involved one or more cusps); or b) irreparable (fracture divided the
tooth into two parts at the level of the pulp chamber floor).
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Statistical analysis

SPSS 10.0 software (SPSS Inc, Chicago, IL, USA) was used for the statistical analysis. The
Kolmogorov-Smirnov test showed data normality. The fracture strength values of the experimental
groups were evaluated by two-way analysis of variance (ANOVA) (occlusal veneer thickness x substrate)
and the Tukey post hoc test. One-way ANOVA and the Tukey post hoc test were used to evaluate the
fracture strength values of sound teeth with those of the experimental groups (significance level 0.05).

Results

Two-way ANOVA demonstrated that the thickness (p=0.005) and substrate (p=0.004) had
significant effects on the fracture strength. The interaction of these factors (p=0.742) was not
significant.

Regardless of the substrate, the teeth restored with 0.3-mm-thick occlusal veneers (2658 N)
showed significantly higher fracture strength than the teeth restored with 0.6-mm-thick occlusal
veneers (2070 N) (Table 1).

Table 1. Fracture strength mean (N) between occlusal veneer thicknesses.

Thickness Fracture strength mean (N) Standard deviation (F,Slﬁp]
0.017*
0.3 mm 2658 3 (6.107; 0.324)
0.6 mm 2070 600

* P-value <0.05.

Regardless of the thickness, the teeth restored with occlusal veneers bonded to enamel (2648 N)
showed significantly higher fracture strength than the teeth restored with occlusal veneers bonded to
dentin (2049 N) (Table 2).

Table 2. Fracture strength mean (N) between substrates.

Substrate Fracture strength mean (N) Standard deviation (F,Slﬁp]
0.015"
Enamel 2648 660 (6.444;0.301)
Dentin 2049 650

* P-value <0.05.

According to one-way ANOVA, there was no significant difference between Group C (3355 N) and
Group 0.3E (2965 N), with fracture strengths that were significantly higher than those of the other
groups. Group 0.6E (2331 N), Group 0.3D (2315 N) and Group 0.6D (1808 N) did not differ significantly
from each other (Table 3).

Table 3. Fracture strength mean (N) and standard deviation in the different groups.

Group Fracture St(ﬁ]ngth mean Standard deviation (F;Slﬁp}
Group C - Control - sound teeth 33552 1064 [7?);)3(,)0(;;”
Group 0.3E - 0.3 mm - enamel 2965? 703
Group 0.6E - 0.6 mm - enamel 23310 448
Group 0.3D - 0.3 mm - dentin 23150 580
Group 0.6D - 0.6 mm - dentin 1808° 639

a,b Differences between mean values with distinct superscript letter were significantly different (P<.05).

There was a predominance of reparable fractures in all groups (Table 4). Regarding reparable
fractures, there were fractures restricted to restoration only in Group 0.6E (Figure 3). There was
predominance of fractures in one or more cusps in Group C, Group 0.3E, Group 0.3D, and Group 0.6D
(Figure 4). Irreparable fractures occurred in a few specimens in all groups (Figure 5) (Table 4).
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Figure 5. Longitudinal fracture of the tooth into two
parts at the pulpal chamber floor (classified as
irreparable).

Table 4. Failure analyses of the different groups.

Reparable fracture

Groups Irreparable fracture

Fracture in the venner Fracture in one or more
only cusps
Group C - Control - sound teeth 0 7 3
Group 0.3E - 0.3 mm - enamel 0 8 2
Group 0.6E - 0.6 mm - enamel 5 4 1
Group 0.3D - 0.3 mm - dentin 0 7 3
Group 0.6D - 0.6 mm - dentin 0 8 2

Discussion

In the present study, higher fracture strength was achieved for the teeth restored with 0.3-mm-
thick occlusal veneers made of PICN compared to the teeth restored with 0.6-mm-thick occlusal veneers,
regardless of whether they were bonded to enamel or dentin. This result showed that even under a
constant compressive load, an ultrathin occlusal veneer, such as 0.3 mm thick, achieved high strength.
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Therefore, the first hypothesis was accepted. Studies have shown higher fracture strength for 1.0-mm-
thick compared to 0.5-mm-thick occlusal veneers (10) and higher fracture strength for 1.5-mm-thick
compared to 0.6-mm-thick (6) occlusal veneers made of PICN. However, in the present study, thicker
PICN occlusal veneer did not contribute to higher fracture strength values when comparing 0.3- and
0.6-mm-thick restorations. This result may be related to the possibility of milling PICN material to thin
restorations that are still strong enough to avoid cracks, which are stopped by the interpenetrating
polymer within the ceramic network (7). This combination of materials aims to increase the mechanical
properties, such as strain at failure and flexural strength (15). Possibly, in very low thicknesses such as
those used in the present study, the intrinsic strength of the material at 0.6-mm-thick has not been
decisive to obtain higher fracture strength in comparison to 0.3-mm-thick. Another possible explanation
for the higher fracture strength of 0.3-mm-thick occlusal veneers is the bonding protocol.

The bonding protocol of the PICN occlusal veneers was standardized. The Single Bond Universal
adhesive system was applied on enamel and dentin in the etch-and-rinse technique. The study of Al-
Akhali et al. (9) demonstrated that the self-etch technique on enamel decreased the survival rate of Vita
Enamic” ultrathin occlusal veneers. Hydrofluoric acid at 5% was applied on the inner surface of the
occlusal veneers for 60 s, followed by the silane. Silane promotes chemical bonding between the silicon
contained in the materials and the adhesive material used for bonding (16). Although Single Bond
Universal has silane in its composition, studies have shown that the application of silane as a separate
step provides greater values of bond strength, independent of the presence of silane within the universal
adhesive solution (17).

Following the bonding protocol, a light-curing resin composite was used to bond the occlusal
veneers to the tooth preparation. This material was heated, allowing greater flow during the luting
procedure. The advantage of using a light-curing resin composite is the extended time to place the
restorations in comparison to a dual-cure material. This extended time compensates for the adversity of
positioning the restorations because of the lack of an insertion path (3). In addition, resin composite may
perform better than resin cement on restoration margins due to more inorganic load filling (18).
Regarding photopolymerization, an important factor related to the results of the present study can be
the thickness of the ceramic that influenced the light transmittance and degree of conversion of the
resinous materials (19). Then, it cannot be ruled out the possibility that the 0.3-mm-thick occlusal
veneers have contributed to a lower attenuation of the transmitted light in comparison with the 0.6-
mm-thick occlusal veneers. The possible higher degree of conversion obtained for the teeth restored
with 0.3-mm-thick occlusal veneers may have contributed to higher mechanical properties of the Single
Bond Universal and Filtek Z-100, promoting higher fracture strength.

A single unit between the tooth and occlusal veneer is obtained with the adhesive luting.
Consequently, the forces applied on the restoration bonded to the tooth are dissipated through the tooth
structure, periodontal ligament and alveolar bone, preventing concentration of the forces in the inner
portion of the restoration, which would lead to fracture (20). The fracture types observed in the study
corroborate this finding. Most of the reparable fractures occurred in one or more cusps, and there were
few irreparable fractures, showing that load dissipated through the tooth. Only in Group 0.6E occurred
fractures restricted to the occlusal veneer, without any damage to the tooth substrate. Therefore, the
thicker occlusal veneers bonded to enamel transmitted fewer forces to the substrate, concentrating the
stresses in the internal part of the restoration.

Vita Enamic”is a brand of PICN. This material associates the properties of ceramic and polymer as
a hybrid structure with two interpenetrating networks of ceramic (86 wt%) and polymer (14 wt%) (7).
Vita Enamic® presents a flexural strength of 131 MPa and an elastic modulus of 26.3 GPa (21), which is
close to that of dentin (18.3 GPa) (22). In addition, Vickers hardness of this material lies between enamel
and dentin (7). Ceramics with lower elastic modulus, closer to that of dentin, can better resist loads and
better avoid crack propagation (15). In this study, the occlusal veneers were bonded to preparations on
enamel only or were bonded to preparations on dentin with enamel margins. The enamel elastic modulus
(84 GPa) is greater than the dentin elastic modulus (18.3 GPa) (22). The study of Piemjai et al. (23) showed
that the fracture strength of restorations bonded to enamel was greater than that of those bonded to
dentin. The present study corroborates these findings since the teeth restored with occlusal veneers
bonded to enamel achieved significantly higher fracture strength than the teeth restored with occlusal
veneers bonded to dentin. Thus, the second hypothesis was accepted.

Group C (sound teeth) achieved higher fracture strength and did not differ significantly from
Group 0.3E. A possible factor related to this finding is the wear of the dental structure that was less in
enamel preparation in comparison with dentin preparation, preserving greater dental substrate.
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However, regardless of the substrate (enamel or dentin) or the restoration thickness (0.3 or 0.6 mm), the
fracture strength values were higher than the bite forces registered in patients. In forced bite tests, the
value of 922 N was reached, and 1,120 N in patients with bruxisms (24). These are important data,
showing that even with a 0.3-mm-thick veneer in the occlusal region; the restored teeth had a fracture
strength similar to that of sound teeth.

Structural defects in ceramics and their absence of plastic deformation contribute to the strength
of these materials (22). PICN restorations, such as Vita Enamic®, are obtained by CAD/CAM technology.
The ceramic blocks of PICN have a more homogeneous structure, with fewer defects (13). This is an
important characteristic and must have a significant contribution to the high fracture strength values
of the teeth restored with ultrathin occlusal veneers. The stresses are more effectively distributed in a
more homogeneous material and promote strength against breakdown phenomena (13).

Most of the failures were classified as reparable. In this case, the tooth structure would not be
lost, and a new restorative procedure could be performed. However, the interpretation of the results
must include the limitations of a laboratory experiment that do not reproduce the complexity of the
oral environment or the masticatory biomechanics. During the fracture strength test, a constant axial
load was applied to the sample until fracture. It can be considered a limitation of the study since
fractures by a constant axial load do not occur clinically (25). Despite this limitation, the results of this
mechanical test allow a comparison of the fracture strengths among different restorative techniques
and with sound teeth. Another limitation could be the small sample size of the study, even though it
was possible to show significant differences in fracture strength between the substrates as well as
between the different thicknesses of the occlusal veneers.

The results obtained in this study seem to provide good perspectives in relation to the clinical use
of ultrathin occlusal veneers made of PICN in cases in which the remaining dental structure must be
preserved or in cases in which there is limited interocclusal space due to the wear of the teeth. In
addition, the dentists are advised to maintain as much enamel surface area as possible during tooth
preparation, since the results of fracture strength are higher when the occlusal veneers were bonded to
this substrate.

Considering the limitations of this study, it was possible to conclude that the teeth restored with
0.3-mm-thick occlusal veneers achieved higher fracture strength than the teeth restored with 0.6-mm-
thick occlusal veneers. The substrate influenced the fracture strength of the teeth restored with ultrathin
occlusal veneers, which was higher when bonded to enamel.
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Resumo

O objetivo foi avaliar, in vitro, a resisténcia a fratura de dentes restaurados com facetas oclusais
de Vita Enamic® com 0,3 ou 0,6 mm de espessura e cimentadas em esmalte ou dentina. Cinquenta
terceiros molares foram distribuidos em grupos (n=10): Grupo C-controle (dentes higidos); Grupo 0,3E -
facetas oclusais com 0,3 mm de espessura cimentados em esmalte; Grupo 0,6E - facetas com 0,6 mm de
espessura cimentados em esmalte; Grupo 0,3D - facetas com 0,3 mm de espessura cimentados em
dentina; Grupo 0,6D - facetas com 0,6 mm de espessura cimentados em dentina. Apos cimentacdo com
Single Bond Universal Filtek Z-100, as amostras foram submetidas ao teste de resisténcia a fratura em
maquina de ensaio universal. As falhas foram classificadas em reparaveis e irreparaveis. Os resultados
foram analisados pelo teste ANOVA de duas vias e uma via («=0,05) sequido do teste de Tukey. Os dentes
restaurados com facetas oclusais com 0,3 mm de espessura (2658 N) obtiveram resisténcia a fratura
estatisticamente superior aos dentes restaurados com facetas com 0,6 mm (2070 N) (p=0.017). Os dentes
restaurados com facetas cimentadas em esmalte (2648 N) tiveram resisténcia a fratura estatisticamente
maior comparada aos dentes restaurados com facetas cimentadas em dentina (2049 N) (p=0.015). Grupo
C (3355 N) e Grupo 0,3E (2965 N) nio diferiram estatisticamente entre si, tendo resisténcia a fratura
estatisticamente superior aos outros grupos (p<0.05). As fraturas foram predominantemente reparaveis.
Os dentes restaurados com facetas oclusais com 0,3 mm de espessura apresentaram maior resisténcia a
fratura comparada aos dentes restaurados com facetas com 0,6 mm. O substrato influenciou a resisténcia
a fratura dos dentes restaurados com facetas oclusais, sendo maior quando cimentadas ao esmalte.
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