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Fracture resistance of endodontically treated teeth restored with
Zirconia filler containing composite core material and fiber posts
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ABSTRACT
Objectives: To assess the fracture resistance of endodontically treated teeth with a novel Zirconia (Zr)
nano-particle filler containing bulk fill resin composite.
Methods: Forty-five freshly extracted maxillary central incisors were endodontically treated using
conventional step back preparation and warm lateral condensation filling. Post space preparation was
performed using drills compatible for fiber posts (Rely X Fiber Post) on all teeth (n=45), and posts were
cemented using self etch resin cement (Rely X Unicem). Samples were equally divided into three groups
(n=15) based on the type of core materials, ZirconCore (ZC) MulticCore Flow (MC) and Luxacore Dual (LC).
All specimens were mounted in acrylic resin and loads were applied (Universal testing machine) at 130°
to the long axis of teeth, at a crosshead speed of 0.5 mm/min until failure. The loads and the site at
which the failures occurred were recorded. Data obtained was tabulated and analyzed using a statistical
program. The means and standard deviations were compared using ANOVA and Multiple comparisons test.
Results: The lowest and highest failure loads were shown by groups LC (18.741±3.02) and MC (25.16±3.30)
respectively. Group LC (18.741±3.02) showed significantly lower failure loads compared to groups ZC
(23.02±4.21) and MC (25.16±3.30) (p<0.01). However groups ZC (23.02±4.21) and MC (25.16±3.30) showed
comparable failure loads (p=0.23).
Conclusions: Fracture resistance of endodontically treated teeth restored with Zr filler containing bulk
fill composite cores was comparable to teeth restored with conventional Zr free bulk fill composites. Zr
filled bulk fill composites are recommended for restoration of endodontically treated teeth as they show
comparable fracture resistance to conventional composite materials with less catastrophic failures.
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Endodontic treatment of teeth with pulpal
involvement results in considerable loss of tooth
structure, and tooth weakness.1 In addition reduced
availability of remaining tooth structure makes the
task of restoration further challenging. Root posts
are used to provide retention for the core materials,
which are predictably delivered with contemporary
resin composites.2,3 Therefore, the mechanical and
physical properties of the buildup core material
critically affects the successful clinical performance
of restored endodontic teeth.4
Nano particle size fillers have been introduced
in composites to provide improved physical
and mechanical properties.5-7 (10,11,12) Nano
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fillers frequently contain Zr particles, known
to enhance the biocompatibility, durability and
mechanical properties of resin composites.8,9 Zr
is an exceptionally stable and durable material,
with excellent biocompatibility and mechanical
properties.9 Zr fillers in bulk fill resin composites
have been recently introduced in the form of
ZirconCore
(Harvard
Dental
International,
GmbH, Hoppegarten, Germany) for core build
up purpose in endodontically treated teeth. It is
observed through laboratory based studies, that
Zr nano particle containing restorative composite
resins have shown better compressive strengths in
comparison to silica and barium based micro and
macro-filled composites.6
Recently, it was reported that Zr nano-particle
filler containing bulk fill composite build up
materials show higher compressive strength
values as compared to conventional bulk fill
materials.10 Therefore, it is hypothesized that the
incorporation of Zr nano particle filler in a bulk
fill composite build-up material could improve
the fracture resistance of bulk fill resin composite
build up materials. To our knowledge from
indexed literature, studies assessing the impact of
Zr filler containing bulk fill material on the fracture
resistance of endodontically treated teeth is limited.
Therefore the aim of the study was to assess the
fracture resistance of endodontically treated teeth
with novel Zr nano-particle filler containing bulk
fill resin composite.
METHODS
Forty-five freshly extracted maxillary central incisors (of similar dimensions) without any physical
deficiency were selected for the study and stored in
normal saline. All samples (45 teeth) were divided
into 3 groups (n=15), depending on the types of
core build-up material [ZirconCore (ZC), MulticCore Flow (MC) and Luxacore Dual (LC)] after root
canal treatments and restoration with fiber posts.
For endodontic treatment, all teeth were sectioned
2-mm coronal to the cemento-enamel junction (for
2mm ferrule) and were prepared with a bur to
produce a 1.5mm deep chamfer finish margin. Using
a round diamond bur, pulp chamber was accessed,
pulp was extirpated, patency was achieved (15K
file) and irrigation with 5.25% sodium hypochlorite
was performed. The working length was kept 1mm
short of apex and the canals were prepared (file #
15 to #60) using conventional technique. All root
canals were irrigated and dried prior to obturation
using a non-eugenol sealer (SealApex, KavoKerr

Group, Orange, CA 92867, United States) and
compatible gutta percha (GP) cones with warm
lateral condensation method. Post space was
prepared using universal drills compatible for fiber
posts (Rely X Fiber Post, 3M, ESPE, St. Paul, MN,
USA) with color code red (diameter: apical 1.60mm,
coronal 0.80mm, taper: 8%). Using a silicone stopper
on drills, post space was prepared to 10mm depth
from coronal dentin. The compatible drill sequence
was employed for red post size (diameter: apical
1.60mm, coronal 0.80mm, taper: 8%). The posts were
cut to appropriate lengths to produce an assembly
of posts being 8mm in the root canal, 2mm of ferrule
and 3mm above the prepared coronal dentin. A self
etch adhesive cement (Rely X Unicem, Self etch
cement, 3M, ESPE, St. Paul, MN, USA) was used
for post cementation in all groups. The post space
was irrigated with sodium hypochlorite 5.25% (5
ml syringe), followed with water rinse and drying
with paper points. The fiber posts were cleaned
with alcohol and cemented using self etch adhesive
resin cement (Rely X Unicem, Self etch cement, 3M,
ESPE, St. Paul, MN, USA). Cement was applied to
the apical half of the post in a wiping motion and
placed under a standard load of 1 Kilograms. The
posts were light cured for 40 seconds (LED-650
mWcm-²) and allowed to self-cure for five minutes.
For list of materials see appendix A.
All specimen teeth were divided into three groups
(n=15) and core build ups were performed using
ZirconCore (ZC) (Harvard Dental International,
GmbH, Hoppegarten, Germany), MulticCore Flow
(MC) (Ivoclar Vivadent Schaan Liechtenstein) and
Luxacore Dual (LC) (DMG America, Englewood,
New Jersey). The groups were designated as ZC,
MC and LC. Core build-ups were performed using
a core former and the materials were applied using
the recommended bonding agents and protocols. A
metal mould was utilized to mount restored teeth
in auto-polymerizing acrylic resin (keeping margin
at 3mm above the resin). With the use of universal
testing machine with mounting jig, controlled loads
were applied to the specimen samples at 130° to
the long axis, at a crosshead speed of 0.5 mm/min
until failure. The loads and the site at which the
failures occurred were recorded. All failure sites
were assessed for either failure above the CEJ (with
some coronal dentin) (A) or below the CEJ with no
coronal tooth structure remaining (B). All data was
tabulated in an excel sheet and analyzed using SPSS
(Statistical Program for Social Sciences). The means
and standard deviations were compared using
ANOVA.
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RESULTS
All data passed the normality test using the
Kolmogorov and Smirnov (KS) test. The assessed
mean root lengths and width at CEJ were 15.83±1.68
and 6.47±0.59 respectively. The lowest and highest
failure loads (N) were shown by groups LC
(18.741±3.02) N and MC (25.16±3.30) respectively.
The means and standard deviations of failure loads
achieved in each of the experimental groups are
summarized in Table-I. Analysis of variance showed
statistically significant difference among the study
groups (p<0.001) (Table-I). Using Tukey post hoc
test statistical comparison between different groups
was completed (Table-II). Group LC (18.741±3.02)
showed significantly lower failure loads compared
to groups ZC (23.02±4.21) and MC (25.16±3.30)
(p<0.01). However groups ZC (23.02±4.21) and
MC (25.16±3.30) showed comparable failure loads
(p=0.23).
When comparing specimen failure types among
different groups (Table-III), all failures in ZC group
were type A (failure above the CEJ, with some
coronal dentin). However in groups LC and MC,
86.6% and 66.6% of type A failures were recorded
respectively.
DISCUSSION
The success and longevity of endodontically
treated teeth is related to an array of factors
including, quality of endodontic treatment,
remaining tooth structure and coronal restoration.11
The need for restoration types for endodontically
treated teeth primarily depends on the quality and
quantity of remaining dentin.12 In cases of extensive
damage, the remaining tooth structure is replaced
Table-I: Failure loads among study groups (ANOVA).
Experimental Groups

Means

SD

P value

ZC
MC
LC

23.020
25.163
18.741

4.214
3.305
3.028

<0.001*

Table-III: Type of failures among
the experimental groups.

ZC zircon core, MC Multicore, LC Luxacore,
* Highly significant, SD standard deviations.

Experimental Groups

Table-II: Comparison of means using
Tukey Post Hoc Test at 95% CI.
Experimental Groups
ZC vs MC
ZC vs LC
MC vs LC

Means

P value

23.020 vs 25.163
23.020 vs 18.741
25.163 vs 18.741

0.235ns
<0.01*
< 0.001**

ZC zircon core, MC Multicore, LC Luxacore, ns, not
significant. * significant, ** highly significant.
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with a core restoration retained by a post to provide
retention and resistance for the extra coronal
restoration.13 Multiple, post and core systems are
employed, however use of resin composite cores
along with fiber posts are not only commonly
used but in comparison also provide strength and
esthetics.14 In the present study fracture resistance
of endodontically treated teeth restored with fiber
posts and multiple bulk fill resin composites was
assessed.
All selected teeth were central incisors, with root
lengths and widths being statistically comparable
(p>0.01). A ferrule of 2mm and a chamfer margin
of 1.5mm were prepared through all samples to
simulate clinical conditions in anterior teeth with
cervical failures, restored with extra-coronal full
veneer crowns.15,16 The length and width of posts,
along with there relative positioning in the roots
were within the clinical recommendations.17 In
addition, loads were applied at 130 degree on
the palatal aspect of incisors to simulate natural
occlusal contacts, at a crosshead speed of 0.05mm/
min as recommended by previous studies.18,19
The present study was based on the hypothesis
that endodontically treated teeth which are build
up with Zr filler containing composite bulk fill
material would show better fracture resistance
compared to those restored with conventional
bulk fill composites. However this hypothesis was
unfounded, as specimens in ZC group showed
comparable fracture resistance outcomes to those in
MC group. Multiple reasons can be posed in this
regard. For instance it is known that the quality of
adhesive bond strength of composite resins to tooth
structure has a critical impact on the overall strength
of an endodontically treated tooth.20 In a recent
study,10 it was proposed that zirconia particles fail
to show a durable bond to silane coupling agent
in the composite resin material. In addition, the
authors reported significantly lower bond strength
values for Zr filler containing bulk fill composites
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ZC
MC
LC

Type of specimen failures- No (%)
A

B

15 (100)
10 (66.6)
13 (86.66)

0 (0.00)
5 (33.3)
2 (13.33)

ZC zircon core, MC Multicore, LC Luxacore,
% Percentage. A, Failure above the CEJ, with some
coronal dentin, B, Failure below the CEJ with no coronal
tooth structure remaining.
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compared to conventional resin bulk fill materials.10
Interestingly, fracture resistance among ZC and
MC groups were significantly greater than LC
group specimens. A possible explanation for these
outcomes could be associated with the type of
bonding agents used in the present experiments.
For optimum results the operators used the
recommended bonding regime for the three
different bulk fill materials (ZC, MC and LC) in the
present study. In the ZC and MC groups total etch
bonding regimes, with the use of Harvard bond
TE Mono (Harvard Dental International, GmbH,
Hoppegarten, Germany) and Adhese Universal
(Ivoclar Vivadent, Schaan, Liechenstein) bonding
agents were employed, respectively. However for
the LC group specimen, the recommended self
etching, Contax bonding agent (DMG, ChemischPharmazeutische Fabrik GmbH, Hamburg,
Germany) was applied. It is widely suggested that
the bond strength, micro leakage, and bonding
layer degradation varies with the use of self etch
and total etch bonding agents.21-23 All these three
properties could have potentially impacted the
overall fracture resistance of endodontically treated
teeth in LC group.
In the present study, failures were divided into
salvageable (type A) and non salvageable (type B)
failures.24,25 It was observed that specimen in MC

group (with maximum failure loads) showed most
(33.3%) type B failures. This may indicate that due to
improved adhesive bond and mechanical strength
of the materials (MC), stresses were transferred
to the tooth, resulting in its fracture. However, all
specimen in ZC group showed type A, salvageable
failures. In the authors opinion this is related to
the lower bond strength of the Zr filler containing
material as shown previously.10 This also suggest
in light of previous evidence that the stiffness of
Zr filler containing composite and a relatively low
adhesive bond would result in reversible failures of
endodontically treated and restored teeth.
Findings of this study strongly suggest the
clinical use of Zr filler bulk fill materials for buildup
of endodontically treated teeth, as they showed
comparable failure resistance to conventional
non-Zr bulk fill materials (ZC vs MC, p>0.01). In
addition, failures (salvageable) when occurred
were above the CEJ, which allows for subsequent
restoration of teeth.
CONCLUSION
Within the limitations of the study, it can be
concluded that fracture resistance of endodontically
treated teeth restored with Zr filler containing
bulk fill composite cores was comparable to
teeth restored with conventional Zr free bulk

Appendix A (Composition of materials and equipment)
1. MultiCore Flow (Ivoclar Vivadent Schaan Liechtenstein)
Composition: Microhybrid resin composite, the monomer matrix consists of dimethacrylate (29 wt %). The inorganic
fillers are barium glass, ytterbiumtrifluoride, Ba-Al-fluorosilicate glass and highly dispersed silicon dioxide (70 wt %).
Additional contents are catalysts, stabilizers and pigments (1 wt %).
2. LuxaCore Dual (DMG America, Englewood, New Jersey)
Composition: Microhybrid resin composite, Barium glass 69%, pyrog. silica 3% in a Bis-GMA based matrix of dental
resins.
3. ZirconCore (Harvard Dental International, GmbH, Hoppegarten, Germany)
Composition: Nano hybrid composite resin , Dimethacrylates 35%, Starter 2%, Silica Filler 10%, Glass filler 55%,
Zirconium dioxide 5%, Pigments 0,5%.
4. Rely X Unicem, Self etch cement, 3M, ESPE, St. Paul, MN, USA
5. SealApex, KavoKerr Group, Orange, CA 92867, United States
6. Fiber posts: Rely X Fiber Post, 3M, ESPE, St. Paul, MN, USA
7. Harvard bond TE Mono
Composition: Modified acrylic acid, poly acrylic acid, methacrylates, catalysts, stabilizators in ethanol
8. Harvard Etch
Composition: 37% phosphoric acid based on thixotropic gel
9. Adhese Universal, (Ivoclar Vivadent, Schaan, Liechenstein)
Acrylic acids, catalyst and stabilizers
10. Contax Bonding Agent (DMG, Chemisch-Pharmazeutische Fabrik GmbH, Hamburg, Germany) Self-etch.
Polyacrylic acid, catalyst and stabilizers.
11. Universal testing machine (Model 4411; Instron Corp, Canton, Mass)
12. Light curing device (Bluephase ® C8, Ivoclar Vivadent, Schaan, Liechenstein)
13. TCS-30 (Thermocycling-testing-system, Certiga engineering solutions, Netherlands)
14. Digital caliper (Stainless Steel, Series-500, Mitutoyo, USA)
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www.pjms.com.pk 1477

Zaid Al Jeaidi et al.

fill composites. Zr filled bulk fill composites are
recommended for restoration of endodontically
treated teeth as they show comparable fracture
resistance to conventional composite materials with
less catastrophic failures.
Grant Support & Financial Disclosures: None.
REFERENCES
1.

Burke FJT, Shaglouf AG, Combe EC, Wilson NHF. Fracture
resistance of five pin retained core build-up materials on
teeth with and without extra coronal preparation. Operative
Dentistry. 2000;25(5):388-394.
2. Kumar G, Shivrayan A. Comparative study of mechanical
properties of direct core build-up materials. Contemp Clin
Dent. 2016;6(1):16-20. doi: 10.4103/0976-237X.149285.
3. Asakawa Y, Takahashi H, Iwasaki N, Kobayashi M. Effect
of ultraviolet light irradiation period on bond strengths
between fiber-reinforced composite post and core buildup composite resin. Dent Mater J. 2014;33(1):133-140.
doi:10.4012/dmj.2013-175
4. Bitter K, Gläser C, Neumann K, Blunck U, Frankenberger
R. Analysis of resin-dentin interface morphology and bond
strength evaluation of core materials for one stage postendodontic restorations. PLoS One. 2014;9(2):e86294. doi:
10.1371/journal.pone.0086294.
5. Pallav P, De Gee AJ, Davidson CL, et al. The influence of
admixing microfiller to small-particle composite resin on
wear, tensile strength, hardness, and surface roughness. J
Dent Res. 1989;68:489-490. 10.1177/00220345890680031101
6. Hambire UV, Tripathi VK. Influence of zirconia nanoclusters
on the compressive strength of BIS-GMA and TEGDMA
based dental composites. J Eng App Sci. 2012;9:1196-1201.
7. Deng C, Weng J, Duan K, et al. Preparation and mechanical
property of poly(ε-caprolactone)–matrix composites
containing nano-apatite fillers modified by silane coupling
agents. J Mat Sci Mater Med. 2010;21(12):3059–3064. doi:
10.1007/s10856-010-4158-6.
8. Cavalcanti AN, Foxton RM, Watson TF, et al. Y-TZP
ceramics: key concepts for clinical application. Oper Dent.
2009;34 (3):344–351. doi: 10.2341/08-79.
9. Lawson NC, Burgess JO. Dental ceramics: a current review.
Compend Contin Educ Dent. 2014;35 (3):161-166.
10. Alkhudhairy F, Vohra F. Adhesive bond strength and
compressive strength of a novel bulk fill composite with
zirconia nano-hybrid filler. J Adhes Sci Tech. 2016; In Press.
doi: 10.1080/01694243 .2016.1217766
11. Williams JV, Williams LR. Is coronal restoration more
important than root filling for ultimate endodontic success?
Dent Update 2010;37(3):187-93. Review.
12. Gutmann JL. The dentin-root complex: Anatomic and
biologic considerations in restoring endodontically treated
teeth. J Pros Dent. 1992;67(4):458-467. doi: 10.1016/00223913(92)90073-J.

1478 Pak J Med Sci 2016 Vol. 32 No. 6

www.pjms.com.pk

13. Morgano SM, Brackett SE. Foundation restorations in
fixed prosthodontics: current knowledge and future
needs. J Pros Dent. 1999;82(6):643-654. doi: 10.1016/
S0022-3913(99)70005-3.
14. Standlee JP, Caputo AA, Hanson EL. Retention of
Endodontic dowels: effects of cement dowel length,
diameter and design. J Pros Dent. 1978;39(4):401-405. doi:
10.1016/S0022-3913(78)80156-5.
15. Pereira JF, Ornelas F, Conti PCR, Valle AL. Effect of a
crown ferrule on the fracture resistance of endodontically
treated teeth restored with prefabricated posts. J Pros Dent.
2006;95(1):5054.  doi: 10.1016/j.prosdent.2005.10.019.
16. Yue LH, Xing ZY. Effect of post-core design and ferrule
on fracture resistance of endodontically treated maxillary
central incisors. J Pros Dent. 2003;89(4):368-373. doi: 10.1067/
mpr.2003.73.
17. Sirimani S, Riis DN, Morgano SM. An in vitro study of
the fracture resistance and the incidence of vertical root
fractures of pulpless teeth restored with six post and core
systems. J Pros Dent. 1999;81(3):262-269. doi: 10.1016/
S0022-3913(99)70267-2.
18. Guzy GE, Nichols JI. In vitro comparison of intact
endodontically treated teeth with and without endopost reinforcement. J Pros Dent. 1979;42(1):39–44. doi:
10.1016/0022-3913(79)90328-7.
19. Pilo R, Cardash HS, Levin E, Assif D. 2002. Effect of core
stiffness on the in vitro fracture of crowned, endodontically
treated teeth. J Pros Dent. 2002;88(3):302-306. doi: 10.1067/
mpr.2002.127909.
20. Taha NA, Palamara JE, Messer HH Fracture strength and
fracture patterns of
root filled teeth restored with
direct resin restorations. J Dent. 2011;39(8):527-535.
doi: 10.1016/j.jdent.2011.05.003.
21. Can Say E, Nakajima M, Senawongse P, Soyman M, Ozer
F, Ogata M, et al. Microtensile bond strength of a filled
vs unfilled adhesive to dentin using self-etch and totaletch technique. J Dent. 2006;34(4):283-291. doi:10.1016/j.
jdent.2005.07.003.
22. Frankenberger R1, Lohbauer U, Roggendorf MJ, Naumann
M, Taschner M. Selective enamel etching reconsidered:
better than etch-and-rinse and self-etch? J Adhes Dent.
2008;10(5):339-344. doi:10.3290/j.jad.a13920
23. Koshiro K, Inoue S, Tanaka T, Koase K, Fujita M, Hashimoto
M, et al. In vivo degradation of resin-dentin bonds produced
by a self-etch vs. a total-etch adhesive system. Eur J Oral Sci.
2004;112(4):368-375. doi: 10.1111/j.1600-0722.2004.00141.x
24. Heydecke G, Burtz F, Hussein A, Strub JR. Fracture strength
after dynamic loading of endodontically treated teeth
restored with different post and core systems. J Pros Dent.
2002;87(4):438-445. doi: 10.1067/mpr.2002.123849.
25. Toksavul S, Toman M, Uyulgan, Schmage P, Nergiz I. Effect
of luting agent and reconstruction techniques on the fracture
resistance of prefabricated post systems. J Oral Rehabil.
2005;32(6):433-440. doi: 10.1111/j.1365-2842.2005.01438.x.

