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ABSTRACT

Aim: To evaluate the fracture resistance maxillary molars restored with lithium di-
silicate glass-ceramic (LDG) occlusal veneers with two preparation designs. Subjects
and methods: Twenty extracted maxillary molars were assigned to two groups (n =
10). In group 1 (GROUP S ), the teeth received a preparation for a conservative full-
coverage occlusal veneer restoration with a 90 rounded shoulder margin. In group
2 (GROUP c), were prepared with a minimally invasive chamfer. LDG restorations
(IPS e.max CAD) were obtained with the Cerec 3 CAD/CAM system and luted with
Variolink II cement. After thermo-mechanical aging (120,000 cycle with vertical move-
ment 1mm, horizontal movement 3mm and frequency 1.6Hz), All the samples were
individually mounted on the Instron testing machine with a load cell of 5 KN and
fracture test was done by compressive mode of load applied occlusally using a metallic
rod with spherical tip (5.6 mm diameter) at cross-head speed of 1mm/min. The load
required to fracture was recorded in Newton and tabulated to be statistically analyzed.
The fractured specimens were examined to detect the mode of failure. Results: The
fracture resistance of samples with chamfer finish line (2453.2 N + 104.83) was higher
than the values of samples with shoulder finish line (2440.6 N + 119.36) but with no
statistical significant difference (p value > 0.05). Most of the observed specimens ex-
hibited restorable fractures. Conclusion: This study demonstrated similar satisfactory
performance of the two considered preparations designs for occlusal veneer with lith-
ium disilicate glass-ceramic. Conclusion: A new minimally invasive occlusal veneer
preparation with marginal chamfer exhibited encouraging fracture resistance that were
comparable to those of a standard conservative preparation for the restoration of molars
with CAD/CAM lithium disilicate occlusal veneers.

INTRODUCTION

The gradual wear of occlusal surfaces of teeth is a normal progres-
sive process during life. However, pathologic excessive tooth wear of
occlusal surface can result in pulpal pathology, occlusal disharmony,
impaired function, and esthetic disfigurement. The etiology of tooth
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wear is multifactorial and associated with dietary
habits, medical conditions, and oral habits that lead
to attrition and abrasion of the enamel and dentine.
™ The recommended treatments to restore molars
and premolars with severe erosion are indirect com-
posite resin or ceramic restorations, such as inlays,
onlays, or full crowns. However, some of these ap-
proaches can be very invasive.?

Obtaining excellent esthetic results without
abandoning to the preservation of the biological
structures is one of the main goals of modern restor-
ative dentistry. In both the clinical and laboratory
setting, the restorative protocols have become sim-
pler, predictable, and capable of providing satisfac-
tory esthetic and functional results. The use of new
generation all-ceramic restorations and adhesive
systems can lead to improved preservation of the re-
sidual tooth structures, especially for the treatment
of the single tooth.®-

Occlusal veneers are a contemporary restorative
approach indicated for teeth with occlusal wear The
main advantage of occlusal veneers is the recovery
of the masticatory function with maximum preser-
vation of dental structure being a conservative op-
tion compared to traditional onlays and complete
coverage Crowns.

Arecent study used 3D color holography to eval-
uate the behavior of a molar occlusal veneer under
stress in addition to the response of the prepared
tooth. Occlusal surface of a lower molar was pre-
pared to receive a specific monolithic ceramic re-
construction manufactured with a chair side CAD/
CAM system. Longitudinally cut samples were
used to get a planar object observation and to “look
inside” the tooth. A Digital holographic set-up per-
mits to obtain the contact-less and one-shot mea-
surement of the three-dimensional displacement
field at the surface of the tooth sample; stain fields
were evaluated with low noise-sensitive computa-
tion. The results showed an excellent behavior of
the restored tooth without areas of excessive stress
concentrations, and it was therefore concluded that
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ceramic occlusal veneers behave in accordance with
the biomechanical concepts ensuring the longevity
of the reconstituted tooth.®

Lithium disilicate glass-ceramic (LDGQG) is a re-
cently announced ceramic material composed of
quartz, lithium dioxide, phosphor oxide, alumina,
potassium oxide and other components, charac-
terized by flexural strength up to 440 MPa.® The
mechanical stability of LDG ceramic is assured by
the embedment of lithium disilicate crystals (Si02-
Li20) into a matrix of glass that minimizes micro-
crack propagation.” The first available and most
tested commercial product belonging to the class of
LDG materials is IPS e.max lithium disilicate, in-
troduced in 2005 by Ivoclar Vivadent.

Different factors play a significant role in de-
termining the fracture resistance of all-ceramic
restorations. The luting technique has an influ-
ence in this regard as adhesively bonded all-ce-
ramic restorations are characterized by greater
fracture resistance than traditionally cemented
restorations.®? Depending on the adhesive system
being used,adhesive restorations bonded making use
of total-etch techniques can reach a bond strength up
to 28 MPa within enamel '” and 13 to 20 MPa within
dentin."Y Immediate sealing of the freshly cut den-
tin has been suggested to improve bond strength.

The increased thickness of the ceramic restora-
tion is confidently another factor affecting positively
its fracture resistance,'® but the modern minimally
invasive concepts of restorative and prosthetic den-
tistry often inflict the use of thin occlusal restora-
tions. Bonded occlusal veneers made of e.max CAD
were found to resist to forces of up to 800 N and
1000 N, when their thickness was 0.6-1.0 mm or
1.2-1.8 mm, respectively ¥ ; these values are only
slightly inferior to those of monolithic full crowns
of comparable thickness.'¥ The use of ultrathin
LDG occlusal veneers (0.6 mm) has been reported
to be a promising and viable restorative procedure.
U3 Further, Guess et al.19 reported no significant ef-
fect on the fracture resistance of pressable LDG ce-
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ramic onlay restorations on premolars reducing the
preparation depth to 1.00 and 0.5 mm.

The preparation design is another factor poten-
tially capable of influencing the fracture resistance
of all-ceramic restorations. Minimally invasive de-
signs or the “no-preparation” approach have been
advocated for teeth where a significant amount of
dental tissue has already been lost by wear and
erosion, because additional tooth preparation may
results in more destruction in the remaining tooth
structure these."> Although there is some evidence
dissuading from the use of LDG single crowns with
feather edge preparation in frontal teeth due to mar-
ginal crack formation,"'” but little is known about
the rendering of LDG occlusal veneers with reduced
marginal thickness.

An in vitro study on occlusal veneer was to eval-
uate and compare the effect of using different finish-
ing line designs (deep chamfer and shoulder) with
different occlusal surface reduction schemes (planar
and flat) on the vertical marginal fit of full contour
CAD/CAM zirconia crown restoration . Teeth were
divided into two main groups according to the de-
sign of finishing line used. They found that statisti-
cally highly significant differences (p<0.01) using
one- way ANOVA analysis. They concluded Deep
chamfer with planar occlusal reduction scheme pro-
vided better marginal fit compared to that obtained
with shoulder.!®

The purpose of this study was to evaluate the
influence of two different occlusal veneer prepara-

tions on the fracture resistance of maxillary molars
restored using monolithic lithium disilicate after
chewing simulation. A rounded 90 shoulder was
compared to a new minimally invasive chamfer de-
sign. The following hypothesis were tested: there is
no difference in the load to fracture, fracture pattern
between the two preparation designs.

MATERIALS AND METHODS

Teeth Selection:

Twenty (N=20) freshly extracted permanent,
caries and defect free human maxillary first molars
were selected in accordance with guidelines from
research ethics committee approval of Faculty of
Dental Medicine,Al-Azhar University. Selected mo-
lars had similar dimensions measured using a digi-
tal caliper; crown mesiodistal width (10.5+1.0mm)
crown buccolingual width (11.5+1.0mm) measured
at the level of maximum convexity of the cemen-
to-enamel junction. Selected molars had overall
length, 20.0+1.0 mm.

The teeth were cleaned from any calculus de-
posits and debris by using an ultrasonic scaler and
were examined for any cracks. Then, the teeth were
immersed into a 5% sodium hypochlorite solution
for 15 minutes and stored in saline. The teeth were
randomly assigned to two test groups of ten ele-
ments each according to the preparation technique
to receive a full-coverage lithium disilicate occlusal
veneer. (FIGURE 1)

/ L 1mm \
<1 mm <1 mm
1mm
\_ %

Fig. (1) 90_ rounded shoulder (A) & minimally invasive chamfer (B)
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= Group (S): Ten molars (n=10) were prepared
with a rounded 90 shoulder finish.

= Group (c): Ten molars (n=10) were prepared
with a minimally invasive chamfer.

Construction of epoxy-resin blocks:

Plastic (PVC) cylinders 20mm in diameter and
20mm in length were used as molds for constructing
epoxy resin blocks. The mold was centralized and
fixed to the lower table of a dental surveyor at zero
tilt (horizontal position). Each tooth was attached
with sticky wax to the surveyor rod. The tooth, ver-
tical element of the surveyor and the outer surface
of the plastic cylinder were aligned to be parallel to
each other with the tooth lying in the center of the
plastic cylinder. The recommended proportions of
polymer and monomer of epoxy resin were mixed
(2:1) according to the manufacturer’s recommenda-
tions in a plastic container, then the mix was poured
in the mold. The tooth was then lowered into the
center of the cylinder, to be embedded in the epoxy
resin up to 2mm below the cervical line exposed to
simulate the biologic width. The epoxy resin was
left to set till complete polymerization for 24 hours.
The blocks were then removed from the plastic cyl-
inders, then they were finished and smoothened.

Tooth preparation

The occlusal reduction for both groups was set at
1 mm, following the indications about the minimum
occlusal thickness for the final restoration given by
the manufacturer of the lithium disilicate CAD/
CAM blocks used in the present study (IPS e. max,
Ivoclar Vivadent, Schaan, Liechtenstein). For each
tooth, two silicon indexes were obtained to check
the occlusal reduction in mesiodistal and buccolin-
gual direction.

*  Group (S): rounded 90_ shoulder (Figure 1A).
Depth grooves were placed all over the occlusal
surface of the tooth following the original anat-
omy with a cylindrical coarse diamond bur (835
KRM 123008, Komet, Germany) with a 0.8 mm
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diameter. The guiding grooves were connect-
ed by removing the enamel septa between the
grooves with a conical bur (846 KR 314 016,
Komet). The occlusal preparation was finished
with a fine-grit diamond bur. A wider round-
ended cylindrical diamond bur was used to pre-
pare the axial walls creating a 90_ shoulder fin-
ish line, which was finished with a fine-grit bur.
The prepared surfaces were then polished with
abrasive rubber points (9608 314 030, Komet).

* Group (S): minimally invasive chamfer tech-
nique (Figure 1B). The occlusal reduction was
carried out as described in G1. The marginal
chamfer was prepared on the top of the axial wall
with the aid of a specific tapered bur with a non-
cutting guide pin at its tip (6856P 314 018, Kom-
et) and finished with a fine-grit bur (8856 P 314
018, Komet; Figure 2). The prepared surfaces
were polished as described above.

Fabrication of the occlusal veneers:

All occlusal veneers were fabricated using
CEREC AC CAD/CAM system, A bio-generic in-
dividual design was selected to allow designing the
restoration from the software database so that all oc-
clusal veneers would have the same anatomy dimen-
sions. Prepared teeth were scanned using Omnicam
camera. Twenty occlusal veneers were milled from
an equal number of lithium disilicate blocks (IPS
e.max CAD) following the same principles already
described by Magne et al."® After milling, each res-
toration was carefully examined for any cracks were
observed. After manufacturing, the internal surface
of each restoration was acid-etched with buffered
9% hydrofluoric acid for 20 seconds, then rinsed
with water spray for 20 seconds. Post-etching clean-
ing was performed with 37% orthophosphoric acid
(Fill Etch, Dental World, Italy). After 60 seconds,
the gel was rinsed with water spray for the same
amount of time and the restoration left to dried, then
a silane primer (Monobond Plus, Ivoclar Vivadent)
was applied onto the inner surface of each veneer
and gently dried with air.
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Cementation of the occlusal veneers:

The prepared tooth surfaces were treated with
an intraoral sandblaster (Cojet System, 3M,St. Paul,
Minnesota). The enamel margins were covered with
an etchant gel containing 37% orthophosphoric acid
(Fill Etch, DentalWorld), which

was rinsed after 30 seconds. Both the internal
surface of the restoration and the prepared tooth
were covered with adhesive resin. The two compo-
nents of a dual-cure resin luting cement (Variolink
II, shade A3.5, Ivoclar-Vivadent) were mixed in a
1:1 ratio and placed onto the treated veneer surface.
All samples were placed under 3kg weight and then
light cured. The excess luting cement extruding at
the adhesive interface was removed with a manu-
al instrument. After cementation samples of each
group was kept in an incubator at 37°C for 24 hours
before testing.

Thermomechanical aging:

The restored samples underwent thermo-me-
chanical aging using ROBOTA chewing simulator
integrated with thermocyclic protocol operated on
servo-motor (model ach-09075dc-t, AdTech tech-
nology co., Germany). The chewing simulation
test included the application of 5kg (49N) load for
120,000 cycle with vertical movement Imm, hori-
zontal movement 3mm and frequency 1.6Hz."® At
the same time, the device subjected the specimens to
thermocycles of 80 seconds each in distilled water
at 5 +3_C e 55 = 3_C. correct thermo-mechanical
loading was checked every 10,000 cycles by moni-
toring the mechanical action and water temperature
within the chewing chambers.

Fracture resistance testing and failure analysis:

The resistance to fracture of the specimens was
tested with a universal testing machine (Quasar,

Galdabini, Cardano al Campo, Italy), (FIGURE 2)
which was set to exert an increasing force with a
round 5.6 mm diameter wide stainless steel stylus
onto the restored tooth at a speed of 1 mm/min.?”
The tip of the stylus was positioned over the cen-
tral fossa to achieve tripodization of contacts along
the cuspal inclines The maximum load to fracture
was registered and collected in a spreadsheet. The
type of fracture was qualitatively assessed and fail-
ure mode classification done to distinguishing be-
tween failures above or below the cementoenamel
junction and between fractures and cracks (fracture

without fragment detachment).®"

Fig. (2) Load to fracture in the universal testing machine

Statistical analysis:

Statistical analysis was performed with IBM®
SPSS® Statistics Version 25 for Windows. The
mean and standard deviation values were calculated
for each group. Normality test was performed us-
ing Kolmogorov-Smirnov test and revealed nor-
mal distribution between values of each group.
Homogeneity test was performed using Levene’s
test and revealed homogenous distribution between
all variables. Therefore, 2-independent sample T
test was performed between the variables (with sig-
nificance level was set at P < 0.05) to reveal the sta-

tistical significant difference.
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RESULTS

Table (1): The mean, standard deviation (SD)
values (N) and results of T test for comparison

between fracture resistances of the two designs.

Mean (N) (=SD)
Shoulder finish line 2440.60 (=119.36)
Chamfer finish line 2453.20 (£104.83)
P-Value 0.864

The mean difference is statistically significant at the
0.05 level.

4 Fracture Resistance N

2454.00

2452.00
Z 2450.00
¥ 2448.00
£ 2446.00
E 2444.00
© 2442.00
2 2440.00
£ 2438.00

2436.00

2434.00

Shoulder finish line  Champher finish line j

The values of fracture resistance were represented
as means and standard deviation. The fracture resis-
tance of samples with chamfer finish line (2453.2 N
+ 104.83) was higher than the values of samples with
shoulder finish line (2440.6 N + 119.36) but with no
statistical significant difference (p value > 0.05).

Failure Mode Analysis:

After the samples were subjected to fracture re-
sistance test, they were examined using a magnify-
ing lens under strong lighting condition to detect and
characterize the different failure modes. Thorough
examination of the twenty samples revealed that
the failure findings ranged between small occlusal
cracks representing the major number of samples
(65%), followed by the large occlusal cracks in-
volving only the ceramic material (30%), and the
least was a catastrophic failure that was represented
by one sample only (5%), which involved the ve-
neer and the epoxy die. Therefore, we classify these
failure patterns into three types (Table 2), type I, II,
and III,

TABLE (2): Distribution of the failed samples into three types as detected with the two tested designs.

Minimally invasive o
Shoulder (10) Chamfer (10) Total %o
Failure type I 6 / 13 65
Failure type II 3 6 30
Failure type III 1 0 1 5
Total 10 10 20 100
DISCUSSION 88.7% after 17 years ?® and 84% after 12 years; *®

Occlusal veneers have been demonstrated as a
conservative alternative to traditional onlays and
complete coverage crowns for the treatment of se-
vere abrasive/erosive lesions, with survival rates of
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adhesively bonded ceramic inlays and onlays have
demonstrated long-term reliability. As a result, their
range of indications has been increased, including
treatment of advanced erosion, ?+?® and stabiliza-
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tion of teeth with cracked tooth syndrome. Occlusal
veneers are essentially thin overlay restorations with
a non-retentive design that allow the conservation
of coronal structure, often avoiding the root canal
treatment. For this reason, the present investigation
was conducted on teeth that intentionally were not
endodontically treated.

CAD/CAM technology was selected to con-
struct occlusal veneers in the present study due to
its ability to control thickness and anatomy of resto-
rations during the fabrication process. It also allows
the standardization of the internal fit of the resto-
ration as well as the mechanical properties of the
restorative materials. Many potentially confounding
operator variables were avoided such as dental labo-
ratory technicians’ skills and procedures involved in
the fabrication process. This is especially important
when using occlusal veneers. ?” Veneers’ standard-
ization was done in the present study by using the
biogeneric-copy modeand occlusal anatomy from
the software database in the Cerec software 4.4.
This procedure ensured standardization of the oc-
clusal veneers among groups of the study.

The success of occlusal veneers depends to a
great extent on the constructing material. Selected
materials should be able to withstand the high oc-
clusal forces expected, which are associated with
other etiological factors leading to loss of occlusal
surfaces. These forces are applied in a cyclic man-
ner, increasing their deleterious effect. Selected
materials should therefore have the ability to with-
stand cyclic loads by being fracture resistant. The
preparation design is another factor potentially ca-
pable of influencing the fracture resistance of all-
ceramic restorations. Minimally invasive designs or
the “no-preparation” approach have been advocated
for teeth where a significant amount of dental tissue
has already been lost by wear and erosion, because
additional tooth preparation may results in more de-
struction in the remaining tooth structure these.!>

Therefore, the aim of the present study was di-
rected to examine the Fracture resistance of CAD/

CAM ceramic materials occlusal veneer with two
different preparation designs.

To conduct the present study; natural teeth were
used to represent improved clinical situation. human
maxillary first molars were selected because they
have high frequency of erosion-like wear lesions. ¥

Fracture resistance was considered to be the
most important and determining factor for the clini-
cal longevity of all-ceramic restorations. Yucel et
al, @ reported that the fracture resistance of all-ce-
ramic restorations depends on modulus of elasticity
of the chosen abutment material. Wood et al, “” and
Zahran et al, ®V suggested epoxy resin to be used as
a die material for this purpose as it reacts elastically
as natural dentin does, therefore, it was chosen in
the present investigation.

The null hypotheses that the tested types of
preparation technique do not affect load to fracture,
fracture pattern, as well as that thermomechanical
loading has no influence on the fracture resistance
were both accepted.

Waltimo and Kononen, ©? using a novel bite
force recorder found that the biting forces in the
molar region ranged between 597 N to 847 N for
young women and men respectively. Gibbs et al, ¢
Lundgren and Laurell, ®¥ reported that normal mas-
ticatory forces ranged between 37% to 40% of the
biting force. In the present research, the mean frac-
ture loads for the two occlusal veneer designswere
beyond the range of realistic occlusal forces in the
posterior region (~2446 N) Therefore, it can be as-
sumed that all the tested specimens can withstand
the maximum intraoral posterior masticatory forces.

Comparing the results of this study to other in-
vestigations on the fracture resistance of lithium
disilicate restorations, resistance to load was sig-
nificantly higher than that reported in a study on
premolars restored with lithium disilicate overlays
(maximum mean value 1361 = 333 N).U9 Such dif-

ference is possibly attributed to the different tooth
type.
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In this study two finishing lines were chosen, a
90_ shoulder and a minimally invasive chamfer, but
the marginal preparation design showed no signifi-
cant influence on the fracture resistance (P =0.864),
which are in accordance with Clausen et al. evalu-
ated the influence of different preparation designs
(chamfer finishing line or straight-beveled finishing
line) on fracture resistance of adhesively luted non-
retentive full-coverage molar restorations, made
of lithium or leucite-reinforced glass ceramic, and
found no statistically significant differences on the
fracture resistance.®> These findings suggest that the
finishing line looks like not to play a primary role in
the fracture resistance of partial indirect restoration,
provided that no changes in the other variables.

The modes of failure of the two designs ranged
mostly between Types I and II (Table 2) which con-
stitutes 65% and 30% respectively. These failure
modes which reclined between cracks or fractures
of the veneer material only without involving the
epoxy dies are in agreement with the findings of
Magne et al, ” Johnson et al,*® and Schlichting et
al,®” who considered failures that are limited to the
restorative material improve the longevity progno-
sis of the restored teeth, since, the occlusal veneer
can be easily replaced by milling an identical one.
However, one sample only of the shoulder design
was recorded as Type III in which catastrophic fail-
ure was detected through splitting of the veneer and
the epoxy die.

CONCLUSIONS

In conclusion, the results of the present study
support the use of different finish lines preparations
for occlusal veneer lithium disilicate with. Further
in vivo studies are needed to validate the clinical
performance of the more conservative preparation
design.
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