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Abstract

Aim: To measure the fracture resistance of over-flared roots filled with a variety of materials
(qutta-percha-nano HA, resilon-epiphany, composite and mineral trioxide aggregate - MTA)
using the Instron machine test and micro-computed tomography (Micro CT) Scan. In addition,
scanning electron microscopy (SEM) images were used to illustrate the type of fracture patterns
of the specimens. Methods: One hundred and twenty extracted human mandibular single-
rooted premolars were selected. A total of 105 out of the selected teeth were prepared to the
working length and over-flared, leaving the apical 5 mm undisturbed. Fifteen samples had no
treatment and were used as a positive control group (Group +ve). The 105 test teeth were
further divided into 7 groups of 15 samples each. One of the 7 groups was designated as
negative control (Group -ve) where teeth were over prepared and left without obturation.
Remaining groups were filled with gutta-percha-nanoHA (Group1), gutta-percha-nano
HA+composite (Group 2), gutta-percha-nano HA+MTA (Group 3), resilon-epiphany (Group 4),
resilon-epiphany+composite (Group 5), and resilon-epiphany+MTA (Group 6). Fracture
resistance of all samples was measured using the Instron testing machine. Three samples from
each group had the depth of their fracture line measured by Micro CT Scan, and 2 samples from
each group had their fracture pattern illustrated using SEM. Results: The highest fracture
resistance was observed in Group +ve, followed by Groups 3, 6, 5, 2, 4, 1, and Group -ve, with
values (in N) of: 1598 (641.0), 1190.5(424.2), 1164.7 (489.4), 821.2 (220.9), 683.4(179),
658.4 (211.3), 658.4 (99.0), 158.3(49.3), respectively. Statistical analysis for root fracture
resistance showed highly significant difference between all groups with p value < 001.
Conclusions: Micro CT Scan and SEM analysis indicated the ability of MTA to withstand
vertical force.

Keywords: instron machine, scanning electron microscopy, micro CT scan, mineral trioxide
aggregate.

Introduction

It has been postulated that endodontic treatment results in reduction of
fracture strength of teeth'. Brittleness of the dentin in the endodontically treated
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teeth has been attributed to dehydration and loss of collagen
cross-linking®. However, more recent studies concluded that
neither dehydration nor endodontic treatment caused
degradation of the physical or mechanical properties of the
dentin®*’. One of the aims of root canal filling is to reinforce
the dentin and increase the fracture resistance®. Other authors
have suggested that filling the coronal and radicular lost
tooth structure with bonded restorative materials, such as
glass ionomer cement or composite resin, could reinforce
the compromised teeth®'?. These bonding materials have also
been examined for use as root canal filling materials but
were disregarded due to problems in working properties and
lack of hermetic seal resulting in leakage'®. Mineral trioxide
aggregate (MTA) is a fine biocompatible hydrophilic material
that hardens in the presence of moisture or blood. MTA has
been successfully used for root-end fillings, perforation
repairs, pulp capping, pulpotomy and apexification
treatment'*'®. The fracture resistance of the tooth structure
following use of MTA as an apical barrier has been
investigated in teeth with open apices'”'s. Results indicated
that teeth treated with MTA had significantly more resistance
to fracture as compared with those filled with calcium
hydroxide (CH)'®. However, thus far, use of MTA as a root
filling material to reinforce weakened root structure has not
been investigated®.

The aim of this study was to measure the fracture
resistance of over-flared root canals filled with different
materials (gutta-percha-nano HA, resilon-epiphany, composite
and MTA).

Material and methods

One hundred and twenty freshly extracted single-rooted
intact human mandibular premolars were selected for this
study. Selected teeth exhibited no fracture lines as determined
by examination under a dental microscope (Motic Digital
Microscope, France) at x25 magnification level. Following
extraction, teeth were stored in distilled water at room
temperature. Fifteen out of 120 sample teeth had no treatment
and were used as a positive control group (Group +ve). The
remaining 105 teeth were assigned to test groups and prepared
based on the following sequence:

» Teeth were sectioned from the cementoenamel junction
using a high speed diamond bur.

*The working length was established 1 mm short of the
apical foramen using a size 15, K file (Dentsply Maillefer,
Ballaigues, Switzerland).

+ All root canals were instrumented to an apical size of
30, taper 0.06 using rotary ProFile system (Dentsply Tulsa
Dental Specialties, Tulsa, OK, USA), following steps of crown-
down technique and intermittent irrigation with 5.25%
sodium hypochlorite (NaOCI)

» Subsequent to the instrumentation, smear layer was
removed from all canals using 10 mL of 17% EDTA solution
followed by 10 mL of NaOCI.

» Gates Glidden size 6 drills was used to the depth of 10
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mm, leaving untouched the apical 5 mm.

* Further widening of the coronal 5 mm of each canal
was done by using a diamond bur with a coolant system.

+ After finishing the preparation, samples were further
irrigated with 10 mL of distilled water and dried using paper
points.

The 105 prepared test teeth were further sub-divided
into 7 groups of 15 samples each. One of the 7 groups was
designated as negative control (Group -ve) where teeth were
prepared as above and left without obturation. The remaining
6 groups were filled as follows:

Group 1 (n=15): Obturation was done with .06
tapered gutta-percha master points (Diadent, Chongju, Korea),
dipped in nano HA sealer (a new sealer has been introduced
by the school of Dental Sciences, Universiti Sains Malaysia,
Malaysia, known as Nano-Hydroxyapatite (Nano-HA) sealer.
The nano HA crystals which ranging from 40-60 nm in sizes
were synthesized by wet chemical method by using CH and
phosphoric acid (H,PO,) as Ca and P precursors, respectively.

Lateral compaction was performed using medium-fine
gutta-percha accessory cones coated slightly with nano HA
and appropriate finger spreaders (Dentsply Tulsa Dental
Specialties).

Group 2 (n=15): The apical 5 mm of root canals
were filled with gutta-percha and nano HA. Subsequently,
the root canals were etched for 20 s with 37% phosphoric
acid etchant (Superetch, SDI, Australia), rinsed, and dried. A
dentin/enamel adhesive system (Stae, SDI, Australia) was
placed inside the root canals using a Microbrush (Microbrush,
Inc. USA) applicator and light cured for 10 s. A light-cured
composite (3M Filter SupremeXT, Germany), was extruded
into the root canals. Light-transmitting, size 3 plastic posts
(Luminex post Dentatus, USA) were coated with Vaseline
then centered and fully seated into the canals. The light-
curing probe was placed directly over the Luminex post and
the entire complex was light-cured multidirectionally for 2
min. After curing, the Luminex post was removed using a
hemostat and the space created by the post was filled with
gutta-percha/nano HA.

Group 3(n=15): The apical 5 mm was filled with
gutta-percha and nano HA. MTA (ProRoot, Dentsply Tulsa
Dental Specialties) was mixed with sterile water to attain a
grainy, sandy mixture. MTA mixture was placed in the canals
using a Messing gun. Then, light-transmitting, size 3 plastic
post (Luminex post Dentatus, USA) were coated with
petroleum jelly then centered and fully seated into the canals.
After 3-4 h, the Luminex posts were removed using hemostat
and the space created by Luminex post was filled with gutta-
percha /nano HA.

Group 4 (n=15): Obturation was done with 0.06
tapered Resilon cones (Pentron Dental Products, Wallingford,
CT, USA). Epiphany sealer was mixed according to the
manufacturer’s instructions. Self-etching primer (Epiphany
Primer; Pentron Dental Products) was introduced into the
canal using applicator brushes. A master Resilon cone coated
with Epiphany sealer was inserted into the canal. Lateral
compaction was performed using Resilon cones. Material in



Fracture resistance of over-flared root canals filled with MTA and resin-based material: an in vitro study

the root canal was light cured for 30 s with a light-curing
unit (Hilux UltraPlus, Turkey).

Group 5 (n=15): This group is similar to group 2,
but resilon/epiphany was used instead of GP/Nano HA.

Group 6 (n=15): This group is similar to group 3,
but resilon/epiphany was used instead of GP/nano HA.

All the roots were mounted vertically in self-cured acrylic
resin (Sofa Dental, Kerr Company, Germany) blocks exposing
5 mm of the coronal portion. The acrylic blocks were placed
on the lower plate of the universal testing machine (Instron
5982, UK). The upper plate was fitted with 4 mm diameter
steel spherical. The steel spherical tip was lowered to engage
the entire coronal surface of the roots and subjected to a
gradually increasing force (I mm/min), which was directed
vertically and parallel to the long axis of the roots. The
force level at which the fracture occurred was measured and
recorded in Newton (Fig. 1.2).

In addition, three-dimensional reconstructions of the
roots were obtained using a high-resolution micro CT system
(iCT 80, Switzerland). Three roots from each group were
selected and positioned to be scanned in frontal slices. The
scan resolution was set at 15 im and the beam energy 45 kV.
This setting, which corresponds to an effective energy of
approximately 24 keV (Fig. 3), was used to measure the depth
of fracture line.

Scanning electron microscopy (SEM) was used to analyze
the pattern of fracture line. Three roots from each group were

100 kN

Fig. 1. Instron machine.

Fig. 2. Fractured root sample.

Fig. 3. Computerized cross section viewed by using Micro CT Scan 80.

selected and placed in numbered containers and dehydrated in
a graded series of ethanol solutions. The samples were then
dried overnight at room temperature. The dried samples were
numbered, mounted on aluminum stubs, placed in a high-vacuum
(Polaron SCS 15, Germany) and coated with gold-palladium to
render the specimens electrically conductive. Subsequently, the
surfaces of samples were examined by a scanning electron
microscope (Gemini, Munich, Germany) at 5 Kv.

Results

The results showed that the highest fracture resistance
was observed in positive control group (Group +ve),
followed by Groups 3, 6, 5, 2, 4 and 1 with values (in N) of
1598 (641.0), 1190.5(424.2), 1164.7 (489.4), 821.2 (220.9),
683.4(179), 658.4 (211.3), 658.4 (99.0) respectively. The
lowest fracture resistance force was seen in Group -ve, which
was measured at 158.3(49.3) (Table 1).

Micro CT Scan showed that roots of Group +ve had
the lowest percentage of fracture (28.6%), followed by Group
3 (28.8%), Group 6 (29.8%), Group 2 (36.0%), Group 4
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Table 1. Median root fracture resistance among different
groups (Kruskal-Wallis test)

Techniques N

Group 1 15
Group 2 15
Group 3 15
Group 4 15
Group 5 15
Group 6 15
+ control 5

- control 15

Median (IQR)N
391.00 (99.00 )
683.44 (179.00)
1190.52 (424.21) .001
658.40 (211.35)

821.21 (220.93)

1164.78 (489.45)
1598.0000(641.00)
158.3120(49.30)

P< value?®

Group 1= Gutta-percha-nano HA. Group 2= Gutta-percha-nano HA+composite.
Group 3= Gutta-percha-nano HA + MTA. Group 4= Resilon-epiphany. Group 5=
Resilon-epiphany + composite. Group 6= Resilon-epiphany + MTA.

Table 2. Percentage of root intact to the fracture part.

F= J([xz — x4 (y2— y1)2 4 ([22 — z1)72

Root length Fracture length Percentage
Control + 28.6 (average)
1 16.69 6.456 38.0
2 15.951 3.972 24.9
3 16.6 3.747 22.5
Control - 61.7 (average)
1 15.965 10.72 67.1
2 15.508 8.589 55.3
3 14.345 9.023 62.8
Gutta-percha (1) 57.8 (average)
1 15.812 8.979 56.7
2 15.27 7.78 50.9
3 15.664 10.375 66.23
Gp+composite (2) 36.0 (average)
1 15.667 5.051 32.2
2 14.771 5.473 37.0
3 15.596 6.088 39.0
Gp+MTA(3) 28.8 (average)
1 15.047 4 26.6
2 15.425 4.377 28.3
3 15.958 5.041 315
Resilon (4) 38.6 (average)
1 14.78 6.843 46.2
2 15.853 5.894 37.0
3 15.168 4,942 32.7
Resilon+composite (5) 39.9 (average)
1 14.332 5.862 40.9
2 15.017 6.065 40.3
3 14.574 5.637 38.6
Resilon+MTA(6) 29.6 (average)
1 15.229 5.03 33
2 15.388 4 26
3 16.014 4.828 29.8

(38.6%), Group 5(39.9%) and Group -ve (61.7%). The highest ~Discussion

percentage of root fracture was observed in Groupl (66.23%),
as shown in Table 2.

SEM analusis showed that application of vertical force
on to the root canals filled with MTA resulted in a single
deep vertical fracture line whereas those filled with composite
and resilon exhibited several cracks and fracture lines all
over the roots (Fig. 4).
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Previous studies have suggested that the fracture
resistance of teeth decrease as mechanical instrumentation
destroys the integrity of the internal walls of the root canal®-*.
Obviously, mechanical instrumentation of the root canal is
an unavoidable step in endodontic treatment?<”. According
to Kivanc et al.?, (2009), the fracture strength of teeth with
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Fig. 4. Composite figure of SEM micrographs. A: SEM image of root fracture filled with gutta-percha /nano HA demonstrated a long and wide fracture line starting vertically
with 400 pm, and then at the middle of image it became oblique (300 pym) and then apically it measured 200 ym; B: SEM image of root fracture filled with gutta-percha/
Nano HA + composite showing a complete vertical line started wide (230 um), then becaming narrower with width of 200 pm. In addition, multiple cracks in various
directions were observed. C: SEM Image of root fracture filled with gutta-percha/ Nano HA +MTA showing a fracture line across the MTA, becoming narrow and thin. It
started as 50 pm in width, and then gradually decreased in width (30 ym and 10 pm). D: SEM image of root fracture filled with Resilon/Epiphany showing multiple huge
and deep cracks in dentin in various directions in addition to a large complete wide vertical fracture with width of 65 pm. E: SEM Image of root fracture filled with Resilon/
Epiphany + Composite showing multiple cracks in various directions which were deep in dentin as well as a wide vertical fracture. F: SEM Image of root fracture filled
with Resilon /Epiphany + MTA, showing minute, superficial cracks lines on MTA. Vertical fracture line started with 100 pm in width, and gradually decreased in width
to 60 um-30 pm.
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thin wall and filled roots is affected by the remaining dentin
thickness.

When extracted human teeth are used in fracture
resistance studies, the potential for large and uncontrollable
variations exists. Therefore, when possible, all controllable
factors should be standardized*?.

Use of dentin-bonded composite resins for intraradicular
reinforcement of teeth with significant loss of coronal and
radicular structures has been suggested as a desirable
alternative to morphologic dowel rehabilitation®®*2. The
rationale for the use of dentin-bonded resins has been well
documented. When the light-transmitting technique for
bonded composite rehabilitation is used, the intraradicular
composite undergoes polymerization shrinkage in the
direction of the bonded interface. This shrinkage will result
in volumetric space for post manipulation and cementing
materials if needed?*2.

In the present study, analysis of the results seem to point
out that, the roots in MTA groups (groups 3, 6) were
significantly more resistant to fracture as compared with the
gutta-percha (groupl), resilon (group4) or composite groups
(groups 2 and 5).This indicates that MTA not only provides
resistance to bacterial penetration by closing the open apex3*
34 but also could strengthen the tooth by increasing resistance
to fracture. In addition, it was observed that roots filled with
MTA had similar fracture resistance when compared with
the healthy roots.

This study also showed no significant difference in root
reinforcement properties between composite resin and MTA
(Groups 2, 3, 5, and 6) when the apical third of the roots
were filled with gutta-percha or resilon. The results seem to
indicate that gutta-percha and resilon would have no effect
on the fracture resistance when used as root-end filling
material. Although some studies suggest that due to its
adhesive property, resilon may reduce the apical microleakage
when compared with gutta-percha'®®,

MTA is a biocompatible, radiopaque material and harder
to infiltrate as compared with calcium hydroxide'*'7. Results
of the study by Hatibovic’-Kofman et al.'® (2008) showed that
after 1 year, the teeth filled with MTA had significantly more
resistance to fracture compared with those filled with CH or
the control'®. MTA is a versatile material and it can be used to
salvage teeth which are deemed non-restorable due to the
extensive caries, developmental anomalies, iatrogenic damage
created by excessive root canal preparation or excessive root
taper. However, several factors could influence MTA’s
compressive strength. These include but not limited to the
type of MTA, the mixing liquid, the condensation pressure
on the material, the pH value of the mixing liquid, and the
condition of MTA storage'®****. One of the main disadvantages
of MTA is that it has a long setting time. However, this
shortcoming can be remedied by changing the particle size.

In this study, Micro CT scan 80 was used to measure
the depth of fracture lines in a three-dimensional manner.
The results indicated that MTA had the highest ability to
absorb or to withstand the load applied when compared with
composite, resilon and gutta-percha. In the current study,
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there was a difference in fracture pattern detected amongst
the 6 test groups. The fractures began at the cervical area
within the filling materials. In MTA groups the pattern of
fracture line images showing multiple narrow, incomplete,
separated cracks vertically and obliquely with only one
vertical line. As it crossed the MTA it became narrower and
thinner and then it disappeared. Composite and resilon
images showed the presence of several cracks all over the
dentin in multiple directions. Additionally, there were large
wide vertical and horizontal fracture lines and the filling
material is exposed with voids and non-homogenous areas
at the periphery. This occurred because of stress
concentration at the cervical area of the remaining root
structure due to the following reasons, first the samples had
thin dentinal root canal wall and a thick layer of resin
composite. Consequently, large polymerization contraction
stresses of the resin composite concentrated at the adhesive
interface®. Second, creeping of incompletely polymerized
resinous sealers resulted in failure along the sealer dentin
interface’’. Third, the presence of residual monomers in the
root canals®®, and most importantly, the low cohesive, tensile
and compressive strengths, and modulus of elasticity of the
currently available root filling materials when compared with
dentin®, with the former behaving as elastomers that dissipate
instead of transmit stresses*.

In conclusion, MTA can be used to reinforce thin-walled
roots and replace the lost radicular dentin. The use of Micro
CT scan 80 in this study showed that MTA has the ability to
absorb or withstand the load when compared with composite,
resilon, and gutta-percha. The fracture pattern for roots filled
with MTA is only one vertical line which is initially wide
and becomes progressively narrower. Whereas roots filled
with composite and resilon show several cracks all over the
root in addition to the vertical root fracture.
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