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INFLUENCE OF DIFFERENT MATERIALS AND PREPARATION
DESIGNS ON MARGINAL ADAPTATION AND FRACTURE
RESISTANCE OF CAD/CAM FABRICATED OCCLUSAL VENEERS

Zeinab N. Emam * and Nada Ali A. Aleem™

ABSTRACT

Statement of the problem: Thin, posterior occlusal veneers establish a conservative approach
to conventional complete coverage restorations. Information about the proper material and its effect
upon fracture resistance, which may affect the durability of the restoration, is still unknown.

Objective: This in-vitro study was carried out to assess the effect of variable materials and
preparation designs on marginal fit and fracture resistance of CAD/CAM fabricated occlusal
veneers.

Materials and Methods: A total number of sixty freshly extracted maxillary first premolars
were collected. The selected teeth were inspected for being intact, non-restored and free from caries,
cracks and severe occlusal erosive lesions. The teeth were chosen to be of comparable bucco-lingual
and mesio-distal dimensions. All teeth were mounted along their long axis in epoxy resin templates.
A standardized occlusal preparation (simulating advanced occlusal erosion) including enamel
removal, dentin exposure and immediate dentin sealing were made. Teeth were randomly assigned
equally to three test groups (n=20) according to the material of the CAD/CAM blocks used for
fabrication of the occlusal veneers, group (I): Lithium di-silicate glass ceramics (IPS e.max CAD,
Ivoclar Vivadent, Schaan, Liechtenstein), group (II): Hybrid all-ceramic material (VITA ENAMIC,
VITA Zahnfabrik, Germany) and group (III): Nano ceramic reinforced resin composite (BRILLIANT
Crios, Coltene/Whaledent AG, Switzerland). Each group was then sub-divided into two equal
sub groups (n=10) according the preparation design used for occlusal veneer, where subgroup
(1): represented the minimally invasive occlusal veneer preparation resembling occlusal erosion.
Subgroup (2): represented occlusal veneer preparation with marginal chamfer. Teeth were restored
with 1.0 mm thickness occlusal veneers. Vertical marginal gap distance for all occlusal veneers was
measured using stereomicroscope. Following Vertical marginal gap distance measurements, the
samples were subjected to cyclic fatigue loading for 60000 cycles which is equivalent to six months
clinical service. Then vertical marginal gap distance for all samples was recalculated after fatigue
loading testing. Fracture resistance test was done using universal testing machine. The load to fracture
for all samples was recorded in Newton. Data were collected, tabulated and statistically analyzed.
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Results: Two ways ANOVA test results showed that CAD/CAM restorative materials used in
this study, regardless of preparation design had a statistically significant effect on mean fracture
resistance, whereas, preparation design regardless of type of material used had no statistically
significant effect on mean fracture resistance. With Nano ceramic reinforced resin composite,
hybrid ceramic and Lithium Di-silicate glass ceramics before or after cyclic fatigue loading; there
was no statistically significant difference between marginal gap distances for the two preparation
designs.

Conclusions: All the tested CAD/CAM materials showed fracture loads above the
recommended minimum fracture strength for posterior restorations. CAD/CAM composite resin
posterior occlusal veneers were superior to ceramic ones in terms of fracture resistance. All tested

materials in both preparation designs whether before or after fatigue loading, exhibited marginal
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gap distance not exceeding that described in the literature as acceptable range.

KEY WORDS: All Ceramic , Occlusal veneer, Indirect composite, Hybrid ceramic, Vita
Enamic, IPS e.max CAD, Minimally invasive, Different preparation designs, CAD/CAM,

Marginal gap distance, Fracture resistance, Fatigue cyclic loading.

INTRODUCTION

Many factors may result in loss of tooth structure
from occlusal surface, like para functional habits,
bruxism, caries, erosion by gastric acids, diet and
traumatic injuries. Minimally invasive approaches
are highly recommended to preserve such dental
tissues 2. Erosive tooth wear has been of slight
importance to restorative dentistry for several
years. With increasing the importance of tooth
existence, tooth wear continues to increase its
importance in 21% period ©®. Khan et al found a
linear relationship between the number and size
of erosive lesions and the age of the patients and
explained this relation owing to changed life styles,
amount and rate of consumption of acidic foods and
drinks “®. Management of sever erosive lesions
might be affected by the size and extension of the
defect © , which may reach dentin resulting in loss
of vertical bite, enamel chipping of the incisal edges
and cervical defects ©7,

Dental specialists are now available to produce

high strength restorations that intermingle

seamlessly with natural dentition while enduring

posterior occlusal forces. This has led to innovative
approaches for providing minimally invasive
biomimetic dentistry, rebuilding of this erosive
defects with indirect composite restoration, Occlusal
veneers or partial crowns. With the availability of
newer high strength all ceramic materials such as
lithium di-silicate glass ceramics and hybrid all
ceramic restorations encouraged in their choice as
an enamel replacement ®. This relies primarily on
the strength and thickness of the material as well as
on effective bonding to underlying dental tissues ©
. In recent years; CAD/CAM technology has been
progressively used to construct dental prosthesis !*
In attempts to enhance the mechanical properties of
restoration, industrially made CAD/CAM ceramic
blocks have been introduced to dentistry b,
Manufacturing ceramics under industrial conditions
resulted in remarkable reduction in voids, flaws and
cracks in comparison with conventional laboratory
techniques 1?. Furthermore, the innovative adhesive
technology might lead to superior preservation of
residual tooth structure which is a major concern in
restorative dentistry (314,
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The performance of CAD/CAM nano hybrid
composite resin restorations have also increased in
last years" | through a superior bond to underlying
structure resulting in appropriate stress transfer,
low abrasiveness of opposing teeth lead to enamel
preservation as well as low elastic modulus allowing
absorption of functional stresses!®.

The development of the Nano-scaled fillers
offers the advantage of great esthetics, exceptional
polishability and high strength 17-1®,

Lately, an innovative hybrid ceramic material
has been presented to the market. This hybrid
material combines the characteristics of a ceramic
and a composite. It is composed of a porous ceramic
matrix with the pores filled with a polymeric
material. Moreover to the high degree of elasticity,
hybrid ceramics confirms high strength after
adhesive bonding, therefore allowing the decrease
of the restoration thickness 9.

Lithium disilicate glass ceramics could be
typically fabricated through heat pressed techniques
or milled with CAD/CAM systems. The IPS
e.max CAD block is a partially crystallized block,
allowing the material to be easily milled. After
milling the block into the desired restoration, a
recrystallization process takes place at 850°C for
10 minutes, through which the lithium meta-silicate
is transformed into lithium disilicate crystals. This
transformation provides the restoration with its final
mechanical and aesthetic properties. The flexural
strength of IPS e.max CAD after crystallizing is
about 360 MPa @9

Marginal fit is also one of the important criteria
for long term success of dental restoration V. The
presence of marginal discrepancies in the dental
restoration exposes the luting cement to oral
environment. The larger the discrepancy, the more
rapid the rate of cement dissolution, periodontal
diseases, esthetic problems which might result in
failure of dental restoration ®2.
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Fractures of all ceramic restorations were
mentioned in various literatures as the most common
cause for the failure of these restorations® 2>,
Moreover, the fracture resistance of occlusal
veneers might be influenced by the properties of the
underlying supporting structures such as its elastic
modulus, the bond strength, thickness of all ceramic

restorations, or the preparation design %27,

Sasse et al, ®® evaluated the fracture resistance
of occlusal veneers made of lithium disilicate pro-
duced in different thicknesses and bonded to differ-
ent substrates. They stated that the thickness of the
occlusal veneers should not fall below 0.7-1.0 mm
regardless the type of substrate. Therefore, the ob-
jective of our study was to evaluate the influence of
different materials IPS e.max CAD, hybrid ceramic
(Vita Enamic) and nano ceramic reinforced resin
composite (BRILLIANT Crios) and two prepara-
tion designs (the minimally invasive occlusal ve-
neer preparation which resembling occlusal erosion
and occlusal veneer preparation with chamfer finish
line.) on vertical marginal gap distance and frac-
ture resistance of CAD/CAM fabricated occlusal
veneers. The following null hypotheses were tested
(1) the materials and preparation designs have no
influence on load to fracture and marginal quality
and (2) the cyclic fatigue loading has no effect on
vertical marginal gap distance.

MATERIAL AND METHODS

Teeth selection and Sample grouping

A total of sixty freshly extracted maxillary first
premolars were collected. The selected teeth were
inspected for being intact, non-restored and free from
caries, cracks and severe occlusal erosive lesions.
The selected teeth were chosen to be of comparable
bucco-lingual and mesio-distal dimensions and
morphology. The teeth were cleaned and disinfected
by immersion in 0.5% sodium hypochlorite solution
for 15 minutes and stored in distilled water till
use. Storage period did not exceed two weeks.
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Then the roots of all teeth were mounted along
their long axis into epoxy resin mounting templates
(Polypoxy 700, polymer, chemical industries for
construction Co., CIC, Egypt) using a cylindrical
Teflon mold at a level of 3 mm apical to their
cemento —enamel junctions. Teeth were randomly
and equally assigned to three test groups (n=20)
according to the material of the CAD/CAM blocks
for fabrication of the occlusal veneers, group (I):
Lithium di-silicate glass ceramics (IPS e.max CAD,
Ivoclar Vivadent, Schaan, Liechtenstein), group
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(II): Hybrid all-ceramic material (VITA ENAMIC,
VITA Zahnfabrik, Germany) and group (III): Nano
ceramic reinforced resin composite (BRILLIANT
Crios, Coltene, Whaledent AG, Switzerland). Each
group was then sub-divided into two equal sub
groups (n=10) according the preparation design used
for occlusal veneer preparation, where subgroup
(1), represented the minimally invasive occlusal
veneer preparation which resembling occlusal
erosion. Subgroup (2) represented occlusal veneer
preparation with chamfer finish line. Table (1)

TABLE (1) The chemical composition and Manufacturers of the materials used in this study.

Material Composition

Manufacturer

Lithium di-silicate glass ,0s5

$i0,,Li,0K,0,P,0,,Zr0, Zn0,AL,0

MgO,Pigments Ivoclar Vivadent,

23>

Self-etch adhesive system - Ethanol (10-15Wt%)

-silane-treated silica

methacrylate
- camphorquinone

ceramics (IPS e.max CAD) Schaan, Liechtenstein
Dental hybrid ceramics Ceramic part: 86% wt. VITA Zahnfabrik,
(VITA ENAMIC) Si0,(58-63%),A1,0,(20-23%),Na,0(9-11%) K ,0(4- Germany

6%).B,0(0.5-2%),Zr0,(<1%) ,KaO(<1%).

Polymer part:14%wt (UDMA , TEGDMA)
Nano ceramic reinforced resin | Barium glass< 1.0um, Amorphous silica SiO< 20nm. Coltene/Whaledent AG,
composite Resin matrix: Cross-linked methacrylates Switzerland
(BRILLIANT Crios) Pigments: ferrous oxide & titanium dioxide.
RelyX Unicem Powder: 3M ESPE, St. Paul,
Self-adhesive, dual-cure resin | -Alkaline (basic)fillers Germany
cement -Silanted fillers

-Initiator components

-Pigments

Liquid:

- Methacylate monomers containing phosphoric acid groups.

- Methacylate monomers

- Initiator components

-stabilizers
Adper Easy Bond -BisGMA; HEMA; water (10-15 Wt%) 3M ESPE, St. Paul,

-phosphoric acid-6-methacryloxy hexylesters;

-1,6-hehadeniol dimethacrylate
-copolymer of acrylic and itaconic acid(dimethylamino) ethyl

- 2 4 6trimethylbenzoyldiphenylphosphine oxide

Germany

Scotchbond
Universal Etchant

37.5% phosphoric acid

3M ESPE, St. Paul,
Germany




INFLUENCE OF DIFFERENT MATERIALS AND PREPARATION DESIGNS ON MARGINAL

Tooth preparation:

An effort to standardize tooth preparation, all
teeth used in this study was prepared by a single
experienced prosthodontist for sample preparation.
For Subgroup (1): The minimally invasive occlusal
veneer preparation, standardized tooth preparation
with the purpose of simulating advanced occlusal
erosion was applied. The occlusal reduction was
set as 1 mm @2®, Four depth grooves were made
in the occlusal surface following tooth anatomy
with a cylindrical coarse diamond bur with a
0.8 mm diameter (835 KRM 314008, Komet,
Lemgo, Germany). Then these depth grooves were
connected by removing enamel portions in between

them with a round-ended cylindrical diamond bur
(836 KR 314 018, Komet).The buccal and palatal
margins were maintained at approximately 5.0
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mm from the CEJ .The occlusal preparation was
finished with a fine-grit diamond bur (8846 KR
314 016, Komet). For subgroup (2) preparation was
made following exactly the steps done as subgroup
(1) , then chamfer finish line was prepared on the
top of the axial wall by using tapered bur with a
noncutting guide pin at its tip (6856P 314 018,
Komet) and finished with a fine-grit bur (8856 P
314 018, Komet). The prepared surfaces were then
polished with abrasive rubber points (9608 314 030,
Komet) ¥ In order to ensure a uniform and equal
amount of occlusal reduction for each tooth, two
indexes were made by addition silicon impression
material (3M ESPE, Imprint II, Germany) using
custom-made impression trays .Indexes were taken
in mesio-distal and bucco-lingual directions. In both
groups, cuspal inclination was kept as constant as
possible ¥ Figure 1,2

Fig. (1) The preparation designs used for occlusal veneer preparation, (A).represents subgroup (1) the minimally invasive occlusal

preparation resembling occlusal erosion. (B). represents subgroup (2) occlusal preparation with chamfer finish line.
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Fig. (2) Occlusal veneer preparation design where (A) represents subgroup (1) the minimally invasive occlusal preparation, and (B)

represents subgroup (2) occlusal preparation with chamfer finish line. (Bucco-Lingual Section)
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Immediate dentin sealing

tooth
preparation process were immediately sealed with

Dentin surfaces exposed after the
a self-etch adhesive system (Adper Easy Bond Self-
Etch Adhesive, 3M ESPE, St. Paul, Minnesota)
The

adhesive was applied on the exposed dentine with a

following the manufacturer instructions.
light brushing motion for 20 seconds and gently air-
dried for 5 seconds, then light-cured for 10 seconds
with a LED lamp at 1200 mW/cm2 (Bluephase,
Ivoclar Vivadent, USA). All specimens were stored
in normal saline solution for 24 hours at 37°C before
the restorative procedures.

Occlusal veneers fabrication

All prepared teeth were scanned using CEREC
InLab scanner (InEos Sirona, Germany).

The image of the scanned prepared tooth
appeared on the screen. The acquired image was
transferred to the CAD software for designing.
CAD/CAM blocks of IPS E.max, Vita Enamic and
Brilliant, Crios were used to construct occlusal
veneers using CAD/CAM system software (InLab
Sw4.0, Sirona)for designing the restoration .The
parameters for occlusal veneers were adjusted to
be as follows: Each occlusal veneer was set to be 1
mm uniform thickness all over the occlusal surface
and 40 ym cement thickness. After selection of the
required anatomy and extension of the occlusal
veneer, the design was saved to be ready for milling
steps. CAD/CAM system software ( Cerec -InLab
MC XL ,Sirona, Germany) was used for milling
after choosing the type of the block. Following the
milling procedures, the IPS e.max CAD oclusal
veneers [group (I)] was crystallized in programmat
furnace (Programmat P500, Ivoclar, Vivadent,
Schann, Lieichtein) at 850° for thirty minutes. For
Vita enamic occlusal veneers and Brilliant,Crios
[group (II) and group (III)], the veneers were
finished and smoothed according to manufacturer
instructions without any sintering or crystallization
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process using the manufacturer recommended
polishing set.

Restoration bonding procedures

After the milling procedure, all veneers were
thoroughly inspected for any defects or cracks
and evaluated for proper fit. The fitting surfaces
for group (I) and (II) occlusal veneers were etched
with 5% hydrofluoric acid (IPs Ceramic etchant gel
ivoclar, Vivadent) for twenty seconds, rinsed off
and cleansed in ultrasonic cleaner for three minutes,
then,silane coupling agent (Variolink S bond,
Ivoclar, Vivadent) was applied to the fitting surfaces
of the occlusal veneers and allowed to dry for one
minute then air dispersed to obtain a thin coat. For
Group III, the fitting surfaces were sandblasted
with 40um aluminum oxide particles at 1.5 bar as
recommended by the manufacturer.

Prior to cementation procedures, sealed dentin
surfaces were air abraded with an intra-oral air
abrasion device with 40 um aluminum oxide
particles at 30 psi (Cojet System, 3M, St. Paul,
Minnesota) until the surfaces became dull. Prepared
surfaces were then cleaned with alcohol and dried
with oil-free pressurized air, as recommended by
the manufacturer.

After tooth
surfaces were etched with 37.5% phosphoric acid
(Scotchbond™ Universal Etchant, 3M ESPE, St.
Paul, Minnesota) for 15s, thoroughly rinsed and

cleaning procedures, prepared

dried without desiccating dentin. Veneers were
bonded using freshly mixed self-adhesive, dual-
cure resin cement (RelyX Unicem, 3M ESPE, St.
Paul, Minnesota). According to the manufacturer’s
recommendation, where the auto mixed cement
was dispensed directly onto the bonding surface of
the fabricated veneers. A static load of 3 Kg was
applied on the occlusal surface of the cemented
veneers using a specially designed cementing
device. Excess cement was light cured for 2 seconds
and then removed in the cement’s gel state with an
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explorer, and then final light curing was completed
for 15s per restoration surface at 1400 mW/cm?2.
After restoration bonding, all teeth were returned to
37°C distilled water storage until testing.

Vertical marginal gap distance measurements

Restored teeth were taken two times for analysis
of marginal quality, Within 48 hours after occlusal
veneers cementation, and at the end of fatigue
loading test.

Vertical margin gap distance of all veneers was
measured using an image analysis system. This
method uses image analysis software (Image J-1b,
USA) in combination with a stereomicroscope
(Olympus, SZ-PT: Japan) ®

For all samples, measurements were taken
for each tooth along the circumference of tooth/
restoration margin at equally spaced points on each
of the buccal, mesial, lingual and distal surfaces.
Two added marks for each surface were marked 2
mm mesial and distal to the middle points to obtain
a total of twelve measuring points for each tooth/
restoration margin.

For each occlusal veneer, the area of interest was
captured by CCD digital camera (DP-10 Olympus,
Japan) mounted on the stereomicroscope. The
vertical margin gap distance between the cervical
margin of the veneers and the tooth margin was
assessed at the previously marked points. These
readings were calculated using the image analysis
software.

Following vertical marginal gap distance mea-
surements, the samples were subjected to fatigue
loading. Mechanical aging was performed using
programmable equipment; ROBOTA chewing sim-
ulator integrated with thermo-cyclic protocol (Mod-
el Ach-09075, Germany).

The
housing in the lower sample holder. A weight of

specimens were embedded in Teflon

10 kg, which is comparable to 100 N of chewing
force, was exerted. The test was repeated 60000
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times to clinically simulate 6 months chewing
condition, according to previous study. ®® Then
vertical marginal gap distance for all samples were
recalculated after the fatigue loading testing using
the same method as mentioned before.

Fracture resistance testing

All samples were individually mounted on
a computer-controlled material testing machine
(Model 3345; Instron Industrial Products, Norwood,
MA, USA) with a loadcell of 5000 N and data
were recorded using computer software. Samples
were secured to the lower fixed compartment of
testing machine by tightening screws. Fracture test
was done by compressive mode of load applied
occlusally using a metallic rod with spherical tip
(5.8 mm diameter for crown samples) attached to
the upper movable compartment of testing machine
traveling at cross-head speed of 1lmm/min with tin
foil sheet in-between to achieve homogenous stress
distribution and minimization of the transmission
of local force peaks. The load at failure manifested
by an audible crack and confirmed by a sharp drop
at load-deflection curve recorded using computer
(Bluehill Lite
Instruments). The load required to fracture was

software Software  Instron®
recorded in Newton. Data were collected, organized

in tables and statistically analyzed.

Statistical Analysis

Data were presented as mean, standard deviation
(SD), median and range values. For parametric
data; two-way Analysis of Variance (ANOVA)
was used to study the effect of material type,
preparation design and their interaction on mean
fracture resistance. Bonferroni’s post-hoc test was
used for pair-wise comparisons when ANOVA test
is significant. The significance level was adjusted
at P < 0.05. Statistical analysis was performed with
IBM SPSS Statistics for Windows, Version 23.0.
Armonk, NY: IBM Corp.
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RESULTS:

I. Fracture resistance (N)

Two-way ANOVA results showed that different
materials used in this study had a statistically
significant effect on mean fracture resistance while
preparation design regardless of material type had
no statistically significant effect on mean fracture
resistance. The interaction between the two variables
had no statistically significant effect on mean
fracture resistance indicating that the variables are
independent from each other. Table (2)

Regardless the preparation design used in this
study; there was a statistically significant difference
between mean fracture resistance of different
materials (P-value <0.001, Effect size = 0.865).
Pair-wise comparisons between materials revealed

that composite showed the statistically significantly
highest mean fracture resistance followed by
hybrid ceramic, while lithium di-silicate showed
the statistically significant lowest mean fracture
resistance ,Whereas there was no statistically
significant difference between mean fracture
resistance of the two preparation designs (P-value =
0.916, Effect size = 0.001). Table 2, Figure 3.

II. Marginal gap distance (zm)

With minimally invasive occlusal veneer

preparation design either before or after cyclic
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Fig. (3) Bar chart representing mean and standard deviation
values for fracture resistances (MPa) of different
variables

fatigue; whether with composite, hybrid ceramic
or Lithium di-silicate before cyclic fatigue; there
was no statistically significant difference between
marginal gap distances of the two preparation
designs (P-value = 0.663, Effect size = 0.177),
(P-value = 0.930, Effect size = 0.035) and (P-value
=0.337, Effect size = 0.396), respectively. Similarly

with composite, hybrid ceramic or Lithium disilicate

after cyclic fatigue; there was no statistically
gap
distances of the two preparation designs (P-value =
0.111, Effect size = 0.685), (P-value = 0.435, Effect
size = 0.025) and (P-value = 0.326, Effect size
=0.409), respectively. Table (3)

significant difference between marginal

TABLE (2) The mean, standard deviation (SD) values and results of two-way ANOVA test for comparison

between fracture resistances values (MPa) with different interactions of variables.

Preparation technique Composite Hybrid ceramic | Lithium Disilicate P-value Effect size (Partial
Mean SD Mean SD Mean SD eta squared)
Minimally invasive 1033~ 1357 | 817.3® 77 518¢ 74.1 <0.001%* 0.780
Chamfer finish line 1012.6 # 766 | 79848 | O9l1.1 5469 ¢ 57.1 <0.001%* 0.742
P-value 0.718 0.740 0.611
Effect size (Partial eta
0.006 0.005 0.011
squared)

*: Significant at P < 0.05, Different superscripts in the same row are statistically significantly different
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Effect of cyclic fatigue loading:

Using minimally invasive design with composite,
hybrid ceramic or Lithium di-silicate; there was a
statistically significant increase in median marginal
gap distances after cyclic fatigue (P-value = 0.002,
Effect size = 0.883), (P-value = 0.002, Effect size =
0.883) and (P-value = 0.002, Effect size = 0.833),
respectively.
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For chamfer finish line with composite, hybrid
ceramic or Lithium Disilicate; there was a statisti-
cally significant increase in median marginal gap
distances after cyclic fatigue (P-value = 0.003, Ef-
fect size = 0.861), (P-value = 0.002, Effect size =
0.883) and (P-value = 0.002, Effect size = 0.833),
respectively. Table (4), Figure (4, 5)

TABLE (3) Descriptive statistics and results of Mann-Whitney U test for comparison between marginal gap
distances (#m) of the two preparation designs and different materials used.

Cyclic Material Minimally invasive Chamfer finish line .
Effect size
fatigue P-value (d)
Mean (SD) Median (Range)

Before | Composite 16.5(4.2) 16 (8-24) 17.7 (7.4) 18 (8-30) 0.663 0.177
Hybrid ceramic 14.7 (5.7) 14 (8-26) 142 (5.1) 12 (8-24) 0.930 0.035
Lithium Disilicate 13.2 (4) 12 (8-21) 12 (3.9) 10.5 (8-20) 0.337 0.396

After Composite 448 (11.5) 44.7 (20-63.3) 36 (15.1) 31.9 (14.9-66.7) 0.111 0.685
Hybrid ceramic 48.4 (17.8) 45.1(27.5-90.7) | 52.8(17.8) | 50.9 (27.5-87.7) 0435 0.025
Lithium Disilicate | 46.7 (17.1) 44.5(274-88.2) 49.7 (16) 52.9 (27.5-82.6) 0.326 0.409

*: Significant at P < 0.05

TABLE (4) Descriptive statistics and results of Wilcoxon signed-rank test for comparison between marginal
gap distances (#m) before and after cyclic fatigue.

Preparation ‘ Before cyclic fatigue After cyclic fatigue Effect
. Material P-value .
design Mean (SD) | Median (Range) | Mean (SD) | Median (Range) size (r)
Composite 16.54.2) 16 (8-24) 448 (11.5) | 44.7 (20-63.3) 0.002%* 0.883
Minimally . .
. . Hybrid ceramic 147 (5.7) 14 (8-26) 484 (17.8) | 45.1 (27.5-90.7) 0.002%* 0.883
invasive
Lithium Disilicate 132 (4) 12 (8-21) 46.7 (17.1) | 44.5(27.4-88.2) 0.002%* 0.883
Composite 177 (74) 18 (8-30) 36 (15.1) 31.9 (14.9-66.7) 0.003* 0.861
Chamfer . .
L Hybrid ceramic 142 (5.1) 12 (8-24) 528 (17.8) | 50.9 (27.5-87.7) 0.002%* 0.883
finish line
Lithium Disilicate 12 (3.9) 10.5 (8-20) 49.7 (16) | 52.9 (27.5-82.6) 0.002%* 0.883

*: Significant at P < 0.05
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marginal gap distance of different materials and
preparation designs before cyclic fatigue

DISCUSSION

This investigation was carried on to evaluate
the fracture resistance and marginal gap distance of
occlusal veneer restorations with two preparation
designs that were fabricated from lithium di-silicate
glass ceramics, hybrid all-ceramic material and nano-
ceramic reinforced resin composite using CAD/
CAM technology. According to the results of the
study: the type of the material significantly affected
values of fracture strength and mean marginal gap
distance but not the preparation design, so the null
hypothesis would be partially rejected.

In the present study, human natural teeth were
chosen due to their elastic characteristics, their
bonding ability, and strength that better match the
situation in the clinic @Y. All teeth were stored in
saline till use to prevent them from drying out and
becoming brittle ®®. The irregular occlusal anatomy
of human natural teeth crowns make it difficult to be
restored with occlusal veneers having a homogenous
uniform thickness, so CAD/CAM technology was
chosen in this study because of its ability to control
thickness and geometry of the restorations during
fabrication process, it also provides standardized
fabrication technique avoiding laboratory variations
due to trails involved in the fabrication technique ®.

marginal gap distance of different materials and
preparation designs after cyclic fatigue (Circles
represent outliers)

Occlusal veneers are thin overlay restorations
with a non-retentive design. Currently, they have
become more and more popular as a conservative
treatment for occlusal abrasion or erosion. Occlusal
veneers have been introduced as an alternative to
replace onlays and traditional full coverage crowns.
Two preparation designs were selected in the present
investigation namely; a minimally invasive design
where only the occlusal surface was included in
the preparation and chamfer finish line preparation
where an occlusal preparation of one mm depth
was carried on together with a marginal chamfer
finish line and The designs of the preparations were
selected according to the general endorsements and
preparation guidance for minimally invasive partial
coverage restorations ¢%39,

Recently, computer milled ceramic and non-
ceramic materials have become prevalent because
of their high esthetic qualities. Three materials were
chosen to conduct this study including, lithium di-
silicate glass ceramics, hybrid all-ceramic material
and nano-ceramic reinforced resin composite using
CAD/CAM technology. Most mechanical failure of
dental restorations occurs due to fatigue fracture as a
result of repeated occlusal loading during function®?
moreover, the durability of dental restorations under
cyclic loading is more clinically pertinent, as failure
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due to fatigue happens in subcritical loads. In the
present protocol a load of 100N was used which
was selected to resemble average of normal occlusal
load among individuals that ranges between 10 to
120N during mastication ©,

In the current study, there was a statistically
significant difference between mean fracture
resistances of different materials (P-value <0.001).
Pair-wise comparisons between materials revealed
that composite showed the statistically significantly
highest mean fracture resistance, Hybrid ceramic
showed statistically significantly lower mean value,
and Lithium Di-silicate showed the statistically
significantly lowest mean fracture resistance.
These findings could be because of the fact that
fatigue failure occurs in three stages including;
crack nucleation then propagation and finally
fracture occurs @339 this kind of failure typically
occurs in stiff ceramics while composite materials
demonstrate more favorable resistance to such
fatigue ©”. On the other hand, the presence of
polymers in the microstructure of hybrid ceramics
has made them more resistance to crack propagation
than their conventional ceramic counterparts %,

These findings were in agreement with a study
compared the fatigue resistance of all-ceramic full-
coverage restorations with resin composite, and
their results were as follows, restorations made of
resin composite showed significantly better survival
when subjected to cyclic loading®™.

Another study carried out by Magne et al.,
2010 “9 where they used cyclic loading on occlusal
veneers which were CAD/CAM-fabricated from
two ceramic materials including lithium di-
silicate and one composite material, the resin
had

increased fatigue resistance in such conservative

composite occlusal veneers significantly
applications with 100% survival after all loading
cycles (up to 1400 N) compared to the 30% and 0%
survival rates represented by the ceramic groups.

These results could be contributed to the fact that

(449)

structural integrity of multilayered structure such
as teeth with bonded restorations is related to the
differences in elastic moduli between tooth tissues,
the luting material and the restoration and not by
the flexural strengths of the restorative materials
@0 So the significantly higher fracture resistance
of the composite group could be a result of the
relative similarity of elasticity moduli between resin
composite and dentin “9,

Schlichting et al., 2011® investigated the fatigue
resistance of thinner (0.6 mm) occlusal veneer
restorations milled from the blocks of the same
materials and concluded that, composite veneers
had significantly higher fatigue resistance compared
to lithium di- silicate, they explained these results by
the close similarity between dentin and composite
moduli of elasticity and they stated that, strength
data alone cannot predict the failure behavior of

such restorations.

On the other hand, the current results disagree
with a study investigated mechanical properties and
fatigue behavior of some contemporary used dental
ceramics which found that the maximum load at
fracture of hybrid ceramic material was significantly
lower than that lithium di-silicate ¥ but, despite of
this result, authors concluded that hybrid all ceramic
material was the most reliable one. A related
study aimed to compare the fracture resistance of
adhesively bonded machined blocks of lithium di-
silicate and hybrid all ceramic restorations, they
found that hybrid all ceramic specimens showed
significantly lower fracture resistance than lithium
di-silicate group“?. An explanation for the diversity
in results could be attributed to the different surface
treatment methods together with different bonding
protocols. In the present study, immediate dentin
sealing protocol was employed which represents
the gold standard in such cases as the freshly cut
dentin provides the most favorable substrate for
bonding #4249,
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In the present investigation there was no
statistically significant difference between mean
fracture resistances of the two preparation designs,
which means that there was no effect of the
preparation design on fracture resistance of the three
used materials. These findings were in agreement
with those of another study that employed two
preparation designs and evaluated their effect
on fatigue resistance of lithium di-silicate glass
ceramic and found that preparation designs had
no significant effect on the tested mechanical
property ?®. Unfortunately information about thin
and ultrathin CAD/CAM occlusal veneers and the
influence of their design on the fracture resistance
of such restoration are still limited 6443,

Marginal gap between restorations and teeth
can cause leakage with its drawbacks including
discoloration, dissolution of the luting agent, and
pulpal irritation. It can also influence the ability of
the restoration to withstand functional loading and
consequently its durability “®. In the current study,
Vertical marginal gap distance was measured using
an image analysis system, in which, software (Image
J-1b, USA) in combination with stereomicroscope
(Olympus, SZ-PT: Japan) was used. This method
reduces the chance of errors that may result from
multiple procedures during sample preparation
associated with other methods “©.

Results of marginal gap distances for occlusal
veneers restorations with the two preparation
designs revealed that there was a no statistically
significant difference between median marginal
gap distances among the three materials used with
minimally invasive preparation design before and
after cyclic fatigue loading . These findings were
in agreement with Daniele et al., 2018 @®, as they
found no differences in the margins with two
different preparation designs at time zero and after
thermo-mechanical loading.

Resin composite material showed the highest
mean value of gap distance before cyclic fatigue
yet it showed the least mean value of gap distance
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after cyclic fatigue which means that composite was
the least affected by fatigue loading. Moreover, for
chamfer finish line preparation design, there was no
statistically significant difference between hybrid
ceramic and lithium di-silicate; and both showed
statistically significantly higher median marginal
gap distance than composite, these results could
be due to the low stiffness and elastic property of
the nano-ceramic reinforced resin composite that
provide stress distribution that is concentrated
around the loading point and not transmitted to the
margins, on the other hand, ceramics create large
internal stresses as a result of loading and transmit
them to the marginal areas “74% .

The present study is a laboratory investigation
with limitations such as lacking the complex oral
environmental conditions including for example ab-
sence of the intra-pulpal pressure that may influence
the quality of adhesion to dentin together with the
acceleration of crack growth. So, controlled clinical
trials are mandatory to assess clinical performance
of materials and preparation designs before being
recommended as a conservative biomimetic perma-
nent solution for occlusally eroded or abraded pos-
terior dentitions.

Within  the this
investigation, the following could be concluded:

limitations of in-vitro

1. All the tested CAD/CAM materials showed
fracture loads above the recommended minimum
fracture strength for posterior restorations.

2. CAD/CAM composite resin posterior occlusal
veneers were superior to ceramic ones in terms
of fracture resistance.

3. All tested materials in both preparation designs
whether before or after fatigue loading, exhib-
ited marginal gap distance not exceeding that
described in the literature as acceptable range.

4. Controlled clinical investigations are mandatory
to validate the clinical performance of such
treatment option.
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