Original Article

Fracture Resistance of Endodontically
Treated Teeth Restored with Biodentine,

DOI: 10.7860/JCDR/2017/28263.10625

c
o
=
3]
@
(]
2
£
2
=
c
9]
(=]

Resin Modified GIC and Hylbrid
Composite Resin as a Core Material

DAYALAN SUBASH', KRISHNAMMA SHOBA?, SHIBU AMAN?, SRINIVASAN KUMAR INDU BHARKAVI*,

VIJAYAN NIMMI5, RADHAKRISHNAN ABHILASH®

ABSTRACT

Introduction: The restoration of a severely damaged tooth
usually needs a post and core as a part of treatment procedure
to provide a corono - radicular stabilization. Biodentine is a class
of dental material which possess high mechanical properties
with excellent biocompatibility and bioactive behaviour. The
sealing ability coupled with optimum physical properties could
make Biodentine an excellent option as a core material.

Aim: The aim of the study was to determine the fracture
resistance of Biodentine as a core material in comparison with
resin modified glass ionomer and composite resin.

Materials and Methods: Freshly extracted 30 human permanent
maxillary central incisors were selected. After endodontic
treatment followed by post space preparation and luting of Glass
fibre post (Reforpost, Angelus), the samples were divided in to
three groups based on the type of core material. The core build-
up used in Group | was Biodentine (Septodont, France), Group
Il was Resin-Modified Glass lonomer Cement (GC, Japan) and
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INTRODUCTION

A multitude of injuries often result in considerable coronal hard
tissue defects, requiring post and core as a preprosthetic treatment,
providing retention and support for the extracoronal prosthesis
restoring the lost function and aesthetics [1-3]. A variety of core
materials are being used these days out of which cast gold,
amalgam, resin-based composite and glass ionomer cement are the
most popular. Amalgam requires prolonged setting time, preventing
crown preparation in the same visit [4]. A cast gold post and core,
however, it is an indirect procedure requiring two visits.

Resin-modified glass ionomer cements set rapidly, after chemical- or
light initiation, allowing for an immediate finishing of the restoration
with better mechanical properties [5-7]. On the contrary, their greater
degree of shrinkage upon polymerization compared to conventional
glass ionomers [5], lower rigidity compared to that of composites
[8], and strength lower than that of the tooth structure, are major
drawbacks [2,9]. In addition, resin-modified glass ionomers also
lacks translucency [7].

Resin composites, are commonly used as a core build —up material
because of its high mechanical properties and bonding ability to
tooth. On the contrary, these materials display technique sensitivity
and are time consuming [5,10]. Moreover, inadequate Degree of
Conversion (DC), inherent polymerization shrinkage, resulting in
breakdown at the interface and consequent gap formation causing
microleakage leading to failure [11]. The huge potential for water-

Group lll was Hybrid Composite Resin (TeEconom plus, Ivoclar
vivadent). The specimens were subjected to fracture toughness
using Universal testing machine (1474, Zwick/Roell, Germany)
and results were compared using One-way analysis of variance
with Tukey’s Post hoc test.

Results: The results showed that there was significant difference
between groups in terms of fracture load. Also, composite
resin exhibited highest mean fracture load (1039.9 N), whereas
teeth restored with Biodentine demonstrated the lowest mean
fracture load (176.66 N). Resin modified glass ionomer exhibited
intermediate fracture load (612.07 N). The primary mode of
failure in Group | and Group Il was favourable (100%) while
unfavourable fracture was seen in Group lll (30%).

Conclusion: Biodentine, does not satisfy the requirements to
be used as an ideal core material. The uses of RMGIC’s as a
core build-up material should be limited to non-stress bearing
areas. Composite resin is still the best core build-up material
owing to its high fracture resistance and bonding to tooth.

Compressive strength, Corono-radicular stabilization, Post and core

uptake and the high coefficient of thermal expansion are other
shortcomings of these materials [2].

In 2009, synthetic tricalcium silicate cement (Biodentine, Septodont,
SaintMaur-des-Fossées, France) became commercially available.
The use of bioactive materials as core materials opens new prospects
in restorative dentistry as they bond to the tooth naturally and can
heal coronal as well as furcal perforations when present. Biodentine
has been developed and produced with the aim of bringing together
the high biocompatibility and bioactivity of calcium silicates, with
enhanced properties such as quick setting time (in comparison with
MTA) and high strength properties not usually associated with other
tricalcium cements [12]. Raskin A et al., found that the marginal
sealing was equivalent to that of the resin-modiifed glass ionomer
cement (Fuiji Il LC) restorations [13].

The sealing ability coupled with optimum physical properties could
make Biodentine an excellent option as a core material. Therefore, it
becomes worthwhile to study the fracture resistance of Biodentine
in comparison with proven core materials like resin-modified glass
ionomer cement and composite resin.

MATERIALS AND METHODS

Thisis anin vitro study conducted in the Department of Conservative
dentistry and Endodontics, Government Dental College, Kottayam
and Rubber Research Institute of India, Kottayam, Kerala, India.
The following core materials were used: Biodentine (Septodont,
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France), Glass ionomer light curable universal restorative Type |l
(GC, Japan), Te- Econom plus (lvoclarvivadent, Liechtenstein). A
total of 30 recently extracted single-rooted human maxillary central
incisors were used. All samples were prepared by a single operator.
Endodontic treatment was done in all the 30 samples. Tooth
samples were mounted in acrylic resin mould and then crowns
decoronated leaving 3 mm of crown structure above cementenamel
junction. After post space preparation glass fibre post (Reforpost
(Angelus, Brazil)) of 1.1 mm thickness was luted with Resin cement
{Multilink Speed (lvoclar vivadent, Liechtenstein)}. Samples were
divided into three groups with 10 samples in each group. Core
materials were mixed according to their manufacturer’s instructions
and packed inside the strip crown no.4.The core build-up used in
Group | was Biodentine, Group Il was resin-modified Glass ionomer
cement and Group Il was hybrid composite resin. Each specimen
was held in place for testing in a special jig with its long axis inclined
facially, at an angle of 135° and subjected to a load on a universal
testing machine at a crosshead speed of 0.5 mm/minute until failure
occurred [Table/Fig-1].

The reading was noted to determine the maximum force at failure
in Newton (N).

STATISTICAL ANALYSIS

The results obtained were tabulated and subjected to One-way
ANOVA and Tukey’s post-hoc using Statistical Package for Social
Sciences (SPSS, V 16.0) package with significance value (p) kept
at <0.05.

RESULTS

The mean peak failure load for Group |, Group Il and Group Ill along
with Standard deviation values was 176.66+5.75 N, 612.07+8.00
N, 1039.90+15.94 N respectively. The results showed that Group

Groups N Az (Al it i F value p-value
load (in Newton) viation
Group | 10 176.66 5.75
Group Il 10 612.07 8.00 0.0159 <0.001
Group I 10 1039.90 15.94

[Table/Fig-2]: Comparison of mean failure loads difference among groups using

one way ANOVA.

95% Confidence
aroup | orow | 0 | S | Yo oo T
ower Upper
bound bound
Il -435.41300* | 4.84083 <.001 -447.4154 | -423.4106
Il -863.24200* | 4.84083 | <.001 -875.2444 | -851.2396
Il | 435.41300* | 4.84083 | <.001 423.4106 | 447.4154
Il -427.82900* | 4.84083 | <.001 -439.8314 | -415.8266
Il | 863.24200" | 4.84083 <.001 851.2396 875.2444
I 427.82900* | 4.84083 | <.001 415.8266 | 439.8314

[Table/Fig-3]: Inter Group comparison using Tukey’s Post-Hoc.
1 p-value <0.001 implies difference between are statistically significant

2 The table shows that the comparison between Group |, Group Il and Group Ill has a p-value of <
0.001, which is <0.05. So, the mean failure loads between groups were statistically significant.
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| samples restored with Biodentine fractured at the lowest load
(176.66+5.75N) applied, while Group Il samples restored with
composite fractured at the highest load (1039.90+15.94N) applied.
Group Il exhibited intermediate values between the two groups. To
compare the mean failure loads difference among the groups, one-
way ANOVA [Table/Fig-2] and Tukey’s post-hoc test at 95% level of
significance was employed [Table/Fig-3]. Intergroup comparison of
these results shows that, there is statistically significant (p < 0.001)
difference among the groups. In term of fracture mode, majority of
the samples were fractured near the cementoenamel junction in the
oblique direction.

DISCUSSION

The fracture resistance of root post-core assembly is of paramount
importance for long term stability of the restoration. Stress was
generated within the body opposing the external force to prevent
fracture. When this force exceeds the internal stress it results in
fracture [14,15]. Therefore, when stress exceeds the cohesive
strength of the object; the object breaks [16]. In this study,
Biodentine group showed significantly lower fracture resistance than
resin-modified GIC and composite. It seems that the compressive
forces applied on specimens restored with Biodentine have created
stresses within the specimens that exceeded the cohesive strength
of these specimens and lead to earlier failure at lower load values
compared to other groups.

Compressive strength is considered critical because it is what
resists masticatory and parafunctional forces [17]. Biodentine is
also called as ‘dentin substitute’. Manufacturer claims, it possess
compressive strength of 300 MPa (dentin — 297 MPa), flexural
strength of 24 MPa, elastic modulus of 22 GPa (dentin — 18.5 GPa),
Vickers microhardness number of 60.9 whereas dentin is 60 [18].

Franquin J-C et al., claimed that Biodentine have compressive
strength value of 316.3 MPa after 28 days [19]. However, the results
expressed in our study by Biodentine (176.66 N) were in contradiction
with these findings. The material exhibiting a compressive strength
300 MPa should have a higher fracture resistance. while resin
modified glass ionomer with compressive strength of 200 MPa [20]
showed much higher fracture resistance than Biodentine. Jang Y-E
et al., studied the physical properties of Biodentine and affirms that
the compressive strength to be 61.35+5.09 N which is much inferior
to what Franquin J-C et al., claimed in his study [19]. Our study also
found inferior value but greater than the value obtained by Jang
Y-E et al., [21]. Study conducted by Lucas CD et al., also exhibited
inferior mechanical properties for Biodentine [22].

Group |l teeth restored with resin-modified glass ionomer cement
(612.07 N) had better fracture resistance value than Biodentine,
but significantly lower than composite group. These findings were
in concord with various studies [17,23-26]. Further, mechanical
properties such as in vitro fatigue resistance and compressive
strength of glass-ionomer cements were found to be inadequate
for use in stress- bearing areas and were considered inappropriate
for dowel and core restorations [27]. Martinez- Insua A et al,,
also obtained similar results and stated that resin-modified glass
ionomers should be limited to non-stress-bearing areas [14].

In Group llI, teeth restored with hybrid composite resin (1039.9N)
had better fracture resistance than Biodentine and resin-modified
glass ionomer cement. The use of fibre posts in combination with
direct composite resin core materials for endodontically treated
mutilated teeth resulted in better resistance form as found by clinical
evaluation by Mohan SM et al., [28]. This was in agreement with
other clinical studies [29-33]. The introduction of glass fibre posts
and composite resin has brought a new concept of “Endoesthetics”
into picture. Moreover, glass fibre post is translucent and also creates
a monoblock effect, bonding every component directly or indirectly
thus, reinforcing the intra-radicular tooth structure with excellent
transverse strength [34]. The Monoblock effect has been proven to
reduce catastrophic failure of endodontically treated teeth.
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The primary mode of failure (90%) for all groups was favourable
(fracture line not extending below CEJ) in general. Individual analysis
showed unfavourable failures (fracture line extending below CEJ)
about 30% in Group lll. These findings are in harmony with Akkayan
B and Gulmez T study, they too had 40% catastrophic failure in
glass fibre post with composite core group [35].

Our study also showed similar results. It needs to be noted that
catastrophic (unfavourable) failures occurred when the loading
forces were greater than normal physiological masticatory force
exerted on maxillary central incisors. The average masticatory forces
in the oral cavity were reported in the range of 146.17 N [36], 193 N
[37] and 235.9 N [38]. In the present study, unfavourable fractures
that found in Group Il namely composite cores were in the range of
1039.9 N, which rarely occur in clinical situation. Therefore, results
obtained for the unfavourable fractures for composite core should
not be interpreted as an adverse effect.

Within the limitations of the study we conclude that Biodentine does
not satisfy the requirements to be used as an ideal core material.
The uses of resin-modified glass ionomer cement as a core build-up
material should be limited to non-stress bearing areas. Composite
resin is still the best core build-up material owing to its high fracture
resistance and bonding to tooth. Though, Biodentine is inferior when
used as core-build up material, it may still find relevance when used
as double seal restoration or perforation repair material. Research
may be directed to other fields like biocompatibility and sealing
ability where Biodentine may perform much better.

CONCLUSION

Bioactive materials can enhance healing, when placed near
biological tissues. We found that it is not an able substitute for core
build-up materials in terms of physical properties. Advancement in
biomaterials needs to be directed towards developing new materials
with improved physical properties.
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