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ABSTRACT

Aim: This study aimed to compare the fracture resistance of endodontically treated
premolars restored by Ceram x SphereTEC one composite resin, bioactive restorative
material (ACTIVA BioACTIVE Restorative), Alkasite restorative material (Cention-N)
and Zirconia reinforced glass ionomer (Zirconomer). Subjects and Methods: Forty
maxillary premolars were assigned into four equal groups according to the restor-
ative material used . Group A: Teeth restored with Ceram x SphereTEC one. Group B:
Teeth restored with ACTIVA BioACTIVE Restorative. Group C: Teeth restored with
Cention-N and group D: Teeth restored with Zirconomer. Standardized flat MOD cavi-
ties after root canal treatment were prepared for all groups. Restorative materials were
applied according to manufacture instructions. The teeth were mounted in universal
testing machine and subjected to compressive force till fracture. Fracture patterns were
evaluated under a stereomicroscope at magnification of 12x. Data was statistically
analyzed. Results: For all groups, the mean fracture resistance values were 1447.82
N, 145228 N, 1250.42 N, and 920.39 N, respectively. Statistical analyses showed no
significant differences in the mean fracture resistances between group A, group B and
group C (p < 0.05). There were significant differences between group D and the other
groups (p > 0.05). Conclusions: Ceram x SphereTEC one, Activa Bioactive Restorative
and Cention-N have a high similar fracture resistances values in restoration of end-

odontically treated teeth, while Zirconomer has the lower value.

INTRODUCTION

Endodontically treated teeth are structurally compromised due to
loose of structure caused by caries, wear,fractures and excessive re-
moval of dentin during root canal treatment. These teeth are reduced in
strength and increased cuspal fracture under occlusal load. ¥ The weak-
ened teeth have to be restored with a proper restoration to strengthen
the remaining teeth structure. Wherefore, successful of endodontically
treated teeth depends on adequate root canal treatment as well as on
adequate coronal restoration. @



Adhesive and composite are important in opera-
tive dentistry progression for endodontically treated
teeth. @ Restoration of endodontically-treated teeth
with coronal restoration is a final step for successful
root canal treatment. Endodontically treated teeth
are susceptible to fracture due to loss of water and
massive loss of tooth structure. @

So, intra-coronal restoration is very important
to strengthen the teeth especially posterior one to
avoid fracture. ©9 Different restorative materials
can be used after root canal treatment. Amalgam
has high mechanical properties but it lacks adhe-
sion with tooth structure that may cause cracking
of tooth structure under masticatory load.” Indirect
restorations are very expensive and need multiple
visits which may lead to incomplete treatment .

Composite resin restorations ensure esthetical-
ly acceptable direct restorations that reinforce the
strength of the endodontically treated teeth. ¥ Glass
ionomer showed comparable mechanical strength to
composite resin, but the strength of it deteriorates
after 2 years. "

Recently, a new restorative material, Cention-N
is introduced into the dental market. Cention-N is
an “alkasite” restorative. '? Alkasite is a new cat-
egory of filling material, which considers subgroup
of composite material like compomer or ormocer

MATERIALS AND METHODS

Materials

materials. Cention-N is a direct tooth-coloured res-
toration. It is self-curing with optional additional
light-curing. It is radiopaque, and releases fluoride,
calcium and hydroxide ions. As a dual-cured mate-
rial it can be used as a full volume (bulk) replace-
ment material. 1?

A new class of restorative glass ionomer that
comprises the strength and durability of amalgam
is evolved as a recent posterior restorative material
called Zirconomer. The inclusion of Zirconia fillers
in glass component of Zirconomer reinforces the
structural integrity of restoration and imparts supe-
rior mechanical properties in posterior load-bearing
areas. (¥

Activa BioACTIVE is anew bioactive restorative
material. Activa exchange ions between restoration
and oral fluid. ™ Tt contains silica glass particles,
an ionic-based resin matrix, calcium, phosphate,
and fluoride ions. " The bioactivity improves du-
rability, antimicrobial resistance, the chemical bond
with dentin, and minimizes leakage due to oral
contaminants. (¥

The present in vitro study will be undertaken
to compare the fracture resistance of endodonti-
cally treated premolars restored by CERAM X
SphereTEC one, ACTIVA BioACTIVE Restorative,
Cention-N and Zirconomer .

Detail description of the materials used in this study is listed in (Table 1).

Table (1) Restorative and Obturation materials used in the study

Material Brand Name Composition Manufacture
Category and (Batch no)
Bioactive restor- | ACTIVA BIOACTIVE Blend of diurethane andnothe_r methacrylates Pulpdent.
. . . with modified polyacrylic acid. Watertown, MA.
ative material Restorative 55.4 wt% Bioactive glass and sodium fluoride USA
powder glass fillers (barium aluminium silicate glass filler,
Alkasite restorative ytterbium trifluoride, an Isofiller, a calcium barium alumin- | Ivoclar Vi\./adent,
material CENTION-N ium fluorosilicate glass filler and a calcium fluorosilicate | Schaan, Llehten—
(alkaline) glass filler, initiator (Ivocerin) and pigments. stein.
liquid dimethacrylates, initiators, stabilizer.
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Material Brand Name Composition Manufacture
Category P and (Batch no)
Bioactive restor- . Ppwder: Fluor aluminosilicate glass, zirconium oxide, Shofu Inc..
tive material Zirconomer pigments and others. Tokyo, Japan
& Liquid: polyacrylic acid solution and tartaric acid. ’
Resin matrix: poly-urethane methacrylate, triethylenegly-
col dimethacrylate, highly dispersed and methacrylic poly-
Nano-hvbride CERAM X siloxane nano-particles.
c})/sitle om SphereTEC one,shade, |Filler system: blend of spherical, prepolymerized
P A3 SphereTEC™ fillers, non-agglomerated barium glass and
ytterbium fluoride. filler load ranges from 77-79 weight-%
total (59-61% by volume). DENTSPLY IH
Bi- and multifunctional acrylate, phosphoric acid modified | {7 iong 3
Universal adhesive | Prime&Bondadhesive I- and mutunchional acry ate, puospnoric acid mocihe United Kingdom
acrylate resin, initiator, stabilizer, isopropanol and water.
Etching gel Meta Etchant Non—drlpp{ng gel consistency, 37% phosphoric acid, Blue
color for visual control.
Gutta percha .
points Root canal filling Gutta percha, zinc oxide, barium sulfate, coloring agent
Base: Epoxy oligomer resin, Ethylene glycol salicylate,Cal-
cium phosphate, Bismuth subcarbonate, Zirconiumoxide. META BIOMED
ADSEAL™ Root canal sealer Catalyst: poly aminobenzoate, triethanolamine, calcium Co.LTD. K
phosphate, bismuth subcarbonate, zirconium oxide, cal- 0. » horea
ciumoxide.
METHODS line angles were rounded. An access cavity was pre-

In this study forty sound human maxillary pre-
molars extracted for orthodontic reasons, free from
caries, defects or restorations were selected. All
the teeth were vertically mounted in the center of
Polyvinyl chloride (PVC) rings of 2x2 cm size us-
ing an acrylic resin (Acrostone Cairo, Egypt) and
fixed to 1 mm below the CEJ. Teeth were divid-
ed to four groups (n = 10): Group A: CERAM X
SphereTEC one, Group B: ACTIVA BIOACTIVE,
Group C: CENTION-N and Group D: Zirconomer.

A standardized MOD cavity was prepared using
straight fissure diamond instrument (Komet, Bras-
seler, Lemgo, Germany) in high speed hand-piece.
Every five preparations, a new diamond instrument
were changed. The dimensions of the cavity prepa-
ration were prepared without proximal steps. Buc-
colingual width of each cavity was one-third of the
intercuspal distance at the occlusal portion and one-
third of the bucco-lingual width of proximal boxes.
The floor of the cavity was coronally prepared by 1
mm to the CEJ. The cavosurface margin was pre-
pared ata butt joint. All the sharpness and internal

pared and canal orifices were enlarged with Gates
Glidden drills .

The root canals were instrumented initially with
#10 and #15 k-files (MANI Inc, Tochigi, Japan),
then with rotary RaCe NI-TI system (FKG Dentaire
SA, Switzerland) by technique of crown down. The
canals were clinically instrumented till size #35.04
taper for standardization purposes. The canals were
irrigated and cleaned by using 3 ml of 2.5% NaOCL
solution with 27-gauge endodontic needle after the
use of each instrument. After canals dryness, theca-
nals were obturated with gutta-percha points using
resin- based sealer (ADSEAL) with a cold lateral
condensation technique. All prepared teeth were
thoroughly cleaned with water and gently dried.

Then tofflemire metal matrix was applied,
then the whole cavity was restored in accordance
with themanufacturer’s instructions as follow:-

Group A: CERAM X SphereTEC one group:
The cavity was etched using Meta Etchant
37% phosphoric acid etching gel and bonded
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using Prime&Bond adhesive, light cured for 15 s,
The teeth were built and filled with a CERAM X
SphereTEC one resin composite. The whole cav-
ity was incrementally restored and each increment
was no more than 2mm thickness and light cured

for 20s.

Group B: Activa bioactive group: The cavity
was conditioned for 10 seconds using Meta Etchant
37% phosphoric acid etching gel. The cavity was
rinsed by water and air-dried. Activa restorative was
inserted in the cavity in bulkand light cured for 20
seconds.

Group C: Cention-N alkasite group: The cavity
was conditioned for 10 seconds using Meta Etchant
37% phosphoric acid etching gel. The cavity was
rinsed and air-dried. The powder and liquid in the
Cention-N was dispensed in a 1:1 ratio and mixed
using a plastic spatula. The restoration was placed
in the cavity in an increment and light cured for 20
seconds.

Group D: Zirconomer group: The cavity was
conditioned for 10 seconds using Meta Etchant 37%
phosphoric acid etching gel. Washed and dried with
gentle air flow. Zirconomer was mixed at specific
powder to liquid ratio of 2:1 using glass slab and
plastic spatula according to manufacturer instruc-
tions and placed in the cavity and adapted with con-
denser. The Zirconomer was self-cure after three
minutes.

For all groups matrix band was removed, and
occlusal surface was carved to an anatomic form.

Fracture resistance test:

After each restoration, the teeth specimens were
stored in distilled water, to ensure complete polym-
erization, at 37x1 °C at an incubator (WTC Binder,
Tuttlingen, Germany ) for a duration of 48 hours
before the fracture resistance testing, through the
period of storage time the specimens were thermo
cycled between 5 °C and 55 °C for 100 cycles (one
minute for each) .Teeth were finished with fine di-
amond finishing instrument at low speed with oil
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free air-water spray, and polishing procedures were
performed using Sof-lex discs(3M ESPE, ST. Paul,
MN, USA). A Universal Testing Machine (Instron
model 3345, UK) was used for measuring the force
of fracture. A vertical compressive force was ap-
plied to the cusp slopes not to the restoration using
ball tip 5 mm in radius, at a crosshead speed of 0.5
mm/min until the force diagram showed a sudden
fall. " The maximum force was recorded in New-
ton as the fracture load. Data was recorded using
computer software program BlueHill 3 software
version 3.3.

Assessment of fracture mode:

Magnifying lens was used to determine the
fracture pattern. The fracture pattern was classified
into adhesive, cohesive or mixed according to the
fracture location. Adhesive fracture was considered
when the fractureoccurred in the interface. Cohesive
fracture was considered when the fracture occurred
either in composite or toothstructure. Mixed fracture
was considered when the fracture occurred in both
cohesive and adhesive fracture pattern.

Statistical Analysis:

Data were tabulated and then analyzed statisti-
cally by using IBM SPSS software program (SPSS
™ Software, V.20, IBM, NY, USA). Quantitative
data were described using mean, standard deviation
after testing normality using Kolmogorov-Smirnov
test. Significance of the obtained results was judged
at the 5% level. One WayANOVA test: For normal-
ly quantitative variables, to compare between more
than two groups with t- test to detect within groups
significance.

RESULTS

Results of Fracture Resistance Test

Means of fracture strength and standard de-
viations for all groups are shown in (Table 2).
A graphical presentation of these results is present-
ed in (Figure 1).
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Table (2) Means of fracture strength and standard deviations of the adhesive systems.

M f fract
cans ot fracture Standard deviations Statisticaldifference
N strength

CERAM X SphereTEC one 10 144782 N +209.70
A

ACTIVA BIOACTIVE 10 135228 N +199.52

CENTION-N 10 125042 N +115.37
A

Zirconomer 10 920.39 N +144.42
ANOVA F=11.25 B

p-value p<0.05*

Means followed by the same letters show no statistical differences (p<0.05).F: One Way ANOVA test

* statistically significant
4 1600 N
1400 |
£ 0 -
1000 -
800 -
600 -
400 -
200 -
0

Mean of fracture resista nc

CERAM X SphereTEC
one

ACTIVA BIOACTIVE CENTION-N Zirconomer

Type of restorative material

-

el
Ga

. (1) Bar chart showing means fracture strength and
standard deviations of studied restorative materials.

The one-way ANOVA results (Table 2) showed
significant difference in fracture strength among
restorative materials used (p<0.005). Comparing
mean fracture strengths of all groups with differ-
ent restorative material showed that Groupl re-
stored with CERAM X SphereTEC one compos-
ite resin had the highest mean fracture resistance
value (1447.82+209.70 N) while Group 4 restored
with Zirconomer recorded the lowest mean value
(920.39+144 42 N).

The results of Student t-test showed that
there was a significant difference between frac-
ture strength of Groupl restored with CERAM X
SphereTEC one composite resin and Group 4 re-
stored with Zirconomer, In addition there was a
significant difference between fracture strength of

Group? restored with a Bioactive activea and Group
4 restored with Zirconomer, also there was a signifi-
cant difference between fracture strength of Group3
restored by Cention-N and Group 4 restored with
Zirconomer.

On the other hand, no significant difference was
found between Groupl restored with a CERAM X
SphereTEC composite resin, Group2 restored by
Activa Bioactive and Group3 restored by Cention-N

Results of Fracture Patterns

Results of failure mode distribution are illustrat-
ed in (Table 3) and (Figure 2). The mode of failure
for Group1 restored with CERAM X sphere Tec one
composite resin, was predominantly complete frac-
ture of the specimens involving cusps and restor-
ative material (mixed), and followed by cohesive
fracture of the tooth structure. For Group2 restored
with a bioactive activea the mode of failure was
predominantly mixed failure mode, followed by ad-
hesive fracture at interface. For Group3 restored by
Cention-N the mode of failure was predominantly
mixed failure mode of restorative material followed
by cohesive failure. The mode of failure for Group 4
restored with Zirconomer was predominantly mixed
failure mode followed by cohesive failure mode of
restorative material. Different fracture patterns are
presented in figure (3).
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Table (3) Distribution of fracture patterns observed ~ DISCUSSION

for different adhesive systems. Teeth with endodontic treatment are prone to

CT AD MI CR fracture due to restorative procedures and brittle-

CERAM X o 0% | sou . ness that resulted from the extensw‘e Preparatlon

Sphere TECone ° ¢ ° ¢ and pulp removal.'”? The effects of vitality loss on

ACTIVA BIOAC- the physical properties of dentin have controversies.

TIVE 20% | 30% | 40% | 10% Some authors thought that the effect of vitality loss

CENTION-N 20% | 30% | 40% | 10% shows moderate to negligible concerning physical

) properties of dentin such as modulus of elasticity
Zirconomer 20% 40% 30% 10% .

and micro hardness.'®1920 Whereas others approved

CT: Cohesive Failure in Tooth the extensive effects.('’*'*? The dentinal wall thick-

AD: Adhesive Failure ness is critical at the root circumference. There is a

CR: Cohesive Failure in Restoration direct correlation between the ability of the tooth to

MI: Mixed Failure resist intraoral forces and the root dentin diameter.

4 FRACTURE PATTERNS "\ @ It has been shown that the teeth weakening due
e A to endodontic and restorative procedures increases
with the tooth structure reduction.*® Endodontic

ZIRCONOMER
% 40% 20

S
=
w
8
=

procedure reduces the tooth rigidity by 5%, access

CENTION- cavity preparation shares in this reduction.

10% 40% 30% 20%

ACTIVA BIOACTIVE Marginal ridge loss is resulted in a loss of tooth

10% aox 0% 20%
’ rigidity, loss by 46% and 63% for compound and
5o 20% M) CSTRERETECON L complex  cavity, respectively.®®  Other authors
\v _/  stated that unrestored tooth with MOD preparation
Fig. (2) Percentage values of fracture patterns of all groups. was 50% less mean fracture strength than that of

unaltered premolar teeth.?® MOD cavities were

designed in this study to mimic a clinical situation
that may often be seen in the clinic. The same situ-
ations have also been reproduced in other clini-
cal studies.®” For standardization, the cavity was
prepared by using special diamond instruments and
was fixed in a high-speed hand piece which attached
to specially designed appliance in order to avoid in-
correct interpretation and result.?®

Among posterior teeth, specially maxillary pre-
molars have unique morphology, position in the
dental arch and cuspal inclination more suscep-
tible to fracture under masticatory force.*® First
premolar teeth were chosen in this study because

) restoration of premolars with resin composite con-
Fig. (3) Different fracture pattern; a-mixed failure, b- Cohesive sidered more predictable than the molars. This con-
failure of tooth structure, c-Adhesive failure and d- cept was expected due to the lower polymerization

Cohesive failure of restoration.
stress caused by the smaller amount needed for
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composite restoration.?’ In addition, premolars are
more severe situation than molar teeth because of
less crowns and dentinal surface for bonding. In this
way, an extreme clinicalcondition was simulated. ¢”

Each specimen was mounted on a Universal Test-
ing machine subjected to compressive axial loading
until fracture. The applied force speed was 0.5 mm/
min. It was reported great plastic deformation oc-
curred due to low speed giving higher fracture resis-
tance measurements.®" The load direction (parallel
to the long axis of the tooth) simulates physiological
function.®? So the load was applied along the long
axes to distribute stresses between the remaining
tooth structure and the restorativematerial simulat-
ing a physiologic occlusion.®®

Adhesive restorations have the ability to transmit
the functional stresses through the restorative— tooth
interface.®® Thus, the used restorations increase the
fracture strength of the tooth and increase marginal
sealing, and restore missing tooth structure.®¥

In the current study, four restorative materials
were selected based on the chemical composition
and fracture resistance was established. The current
study showed that the CERAM X SphereTEC one
resin composite produced higher fracture resistance
values than other restorative materials, which are
represented by Cention-N, Activa Bioactive and
Zirconomer. The higher results of fracture resistance
shown with CERAM X SphereTEC one can be ex-
plained by that it has nano hybrid spherical fillers,
high filler content, high elastic modulus and slight
deformation that are collected to provide unique ad-
aptation to the tooth cavity walls that could contrib-
ute to more fracture resistance.®”

Also, etching of dentin with phosphoric acid that
causes a significant improvement of the interface
morphology by forming a thicker hybrid, micro-
retention layer.®® In this case, phosphoric acid etch-
ing removes smear layer and their plug resulted in
opening the dentinal tubules and permitting resin
tags infiltration and anastomosis, thus increasing

hybridization and bonding of resin composite to
tooth structure.®”*® Moreover, phosphoric acid etch-
ing of enamel increases their surface tension, makes
a high surface energy and leads to very strong
bond.®”

Composite resin has been set as the gold stan-
dard for core build-up material. The fracture resis-
tance of composite resin according to our study was
1447N, which is comparable to various previous
studies showing 1407 N and 1499 N. -4 the main
disadvantage of composite resin is the technique
sensitivity and difficult manipulation. “?

Activa bioactive restorative recorded higher
fracture resistance values than Cention-N. This find-
ing is agreeing with previous studies “* *Y, which
found that ACTIVA was significantly superior to
different commercial types of RMGI regarding the
mechanical properties.

Mechanical properties are affected by monomer
composition of the polymer based restorative ma-
terials . Bis-GMA (Biphenyl-A glycidyl-methac-
rylate) is composed of an epoxy resin and methyl
methacrylate and used as a matrix resin. This com-
position increases the viscosity and rigidity of the
resin®®. Urethane-dimethacrylates (UDMA) has
high flexibility higher molecular weight and low
viscosity, resulting in higher flexural strength. Stud-
ies reported that flexural strength increases when Bis
GMA or TEGDMA are substituted by UDMA®?,

Monomers of Activa are a mixture of UDMA a
shock-absorbing resin component with other meth-
acrylate and reactive ionomer glass“®. This ex-
plained that Activa exhibits high resilience of AC-
TIVA against impact forces and better mechanical
and physical properties Compared to RMGIs.“?

Cention-N Is an alkasite restorative mate-
rial used in retentive cavity with or without
adhesion.*® Cention-N gave a reading of 1319N
which was comparable to composite resin. The high
strength of alkasite cement Cention-N is attributed
to the high filler contents and the polymerization re-
action. Bariumaluminum silicate glass and calcium
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aluminum silicate glass are the fillers that render
strength to the material. The flexural strength of
Cention-N is >110 MPa which makes it more suit-
able and a long-lastingmaterial in the stress-bearing
posterior region. 4?0

Cention -N has a high density polymer network
and high depth of cure due to the use of cross- link-
ing methacrylate monomers in combination with
self-cure initiator.®” It has low polymerization
stresses due to the presence of isofiller and low elas-
tic modulus which act as stress reliever. ©”

This is in agreement with Chowdhury, D. et al®V.
Were evaluated the fracture resistance of two ad-
vanced restorative materials, Z350 Nano fill com-
posite resin and Cention-N in a class II cavity with
routinely used silver amalgam material. It was con-
cluded that the use of Cention-N and Z350 restor-
ative materials significantly strengthen teeth after
Class II cavity preparation and restoration ©".

Zirconomer is zirconia reinforced glass ionomer
cement, which the manufacturer claims to display
superior mechanical properties while maintaining
the capacity for release of fluoride of GICs ©2.

According to the Zirconomer (white amalgam)
company, it exhibits strength consistent with amal-
gam and is more esthetically acceptable. In order to
attain optimum particle size and characteristics, the
glass components of this high-resistance ionomer
undergoes fine controlled micronization. ¥

Zirconia particles have been homogenously in-
corporated into the glass element to further strength-
en the material for long lasting durability and
high tolerance to occlusal load. Polyalkenic acid
and glass elements were also specially processed to
convey to this high-strength glass ionomer superior
mechanical qualities. 3%

CONCLUSIONS

Within the limitations of this study, it can be
concluded that composite resin restoration is the
ideal material for core buildup. However, Activa

ADJ-from Assiut, Vol. 4, No. 2

bioactive and Cention N have shown equally good
results. Due to the easier manipulation of Activa
bioactive and Cention N compared to compos-
ite resin, it can be used as an alternative for core
build-up material in clinical practice.
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