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ABSTRACT

Purpose: the current study was conducted for evaluation of solubility and sealing abil-
ity of two recently introduced biocearmic root end filling materials (Bio MTA and Total
Fill) in comparison to the gold standard Mineral Trioxide Aggregate (MTA).Materials
and Methods: Regarding solubility test a total of 15 disc specimens were fabricated
from the three tested materials. The discs were then divided randomly into three equal
groups (n=5) according to tested root end filling materials (Pro root MTA, Bio MTA,
and Total Fill biocearmic). The solubility test was done according to ISO no 6786.
The amount of residue weight from each specimen was estimated and expressed as a
percent of solubility. While for sealing ability testing, a total number of 15 freshly ex-
tracted human mandibular premolars with straight roots, single canal, and fully formed
root apices were selected, and the crown was removed and canal was prepared and
obturated, then the apical 3 mm of each root was removed. The root-end cavity with
3mm in depth and 1.5mm in width was done using diamond ultrasonic tips. The tested
materials were mixed and placed inside the cavities. The specimens were sectioned by
isomet for further environmental scanning electron microscopic investigation of sealing
ability. Results: In both tests a significant difference was found between the control
group (MTA group) and two tested groups (Total Fill group, Bio MTA group) where
(p<0.001).Moreover, the Bio MTA group and Total Fill group showed a lower solubil-
ity % and higher sealing ability in comparison to Pro root MTA group and this was
explained in term of negative correlation between the solubility %and sealing ability.
Conclusions: Total Fill and Bio MTA exhibits less solubility % and better sealing abil-
ity compared to the Pro root MTA. Based on improved sealing ability of both Total Fill
and Bio MTA material, they could be considered as a good choice for the replacement
of conventional MTA as root end filling materials
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INTRODUCTION

Endodontic surgery is an alternative to den-
tal extraction to save the tooth when conventional
re-treatment had failed or impossible to be made.
One of the main goals of endodontic surgery is to
improve the apical seal and this could be done by
placing biocompatible root end filling material in
well prepared root end cavity. The root end filling
material acting as a “physical seal” to prevent the
passage of microorganisms or their products from
the root canal system into the adjacent periradicular
tissues 12,

One of the important criteria of this material is
the prevention of bacteria leakage from the root
canal to the periapical tissue. Moreover, it should
be biocompatible, antibacterial, adaptable to the
dentinal walls, have fast initial setting time to de-
crease its solubility, radiopaque to allow detection
of filing quality, and finally bioactive able to in-
duce regeneration of the periodontal ligament com-
plex, specifically cementogenesis over the root-end
filling itself ¢,

A variety of materials have been used as root-
end filling materials , like amalgam, reinforced zinc
oxide eugenol-based cement (IRM) which consid-
ered as one of the most popular root end filling ma-
terial. But many studies were recorded high leakage
with both of them. Moreover, glass ionomer cement
(GIC) with some modifications was used for a peri-
od of time but with questionable sealing ability and
low solubility resistance 7-®,

Mineral Trioxide Aggregate (MTA) has demon-
strated the excellent physicochemical properties,
including adequate sealing ability and adaptation to
the dentinal walls, high radiopacity and relatively
low solubility. Also it has excellent tissue response.
Moreover, MTA was a biocompatible material that
stimulated periradicular tissue repair at the root-
end. MTA still the gold standard material in most
of cases ©'0.
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Despite the good physical and biological proper-
ties of MTA, but it has a drawback of long setting
time of about 45 min. to 2 hours, so the material
must be protected before they fully set. To over-
come all this drawbacks, other new materials was
developed 12,

Bio MTA was introduced to overcome some of
the drawbacks of MTA such as handling properties
and long setting time. Bio MTA has a faster set-
ting time with good handling characteristics and
biological properties. Moreover, Calcium silicate
based restorative cement was formulated using dif-
ferent calcium compounds such as calcium hydrox-
ide, calcium oxide, calcium phosphate, calcium sul-
fate, calcium silicate, and calcium carbonate. The
mixed cement comprises water-soluble calcium and
phosphate which immediately forms hydroxyapa-
tite during and after setting that provide more seal-
ing ability for the apical part 319,

Furthermore, the handling and placement of the
material is still a major problem. The poor handling
of the materials will eventually lead to improper
placement that will lead to defective sealing abil-
ity. For this reason a Total Fill biocearmic root re-
pair material which is calcium silicate based cement
was developed with excellent handling properties
as it is supplied in premixed packages (putty) that
do not require preparation before use. It is mainly
composed of calcium silicate, monobasic calcium
phosphate, calcium hydroxide, and zirconium ox-
ide. It has antibacterial and antifungal activities. It
is claimed that the material is biocompatible with
human periodontal tissues !¢!7.

The accuracy of apical seal achieved by retro-
grade filling materials has been evaluated by vari-
ous means like the penetration degree of dye, radio-
isotope penetration, bacterial penetration, and fluid
filtration methods #!9. The sealing ability of the
material is one of the most desirable criteria for the
retrograde material. Therefore, to assess the seal-
ing ability at the filling material tooth interface the
scanning electron microscope is the most valuable
tool for such test %
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It was postulated that sealing ability was more
related to solubility of the root end filling mate-
rial. Therefore, the present study was directed to
evaluate the solubility and sealing ability of differ-
ent biocearmic root-end filling materials (Mineral
Trioxide Aggregate (MTA), Bio MTA and Totalfill).

MATERIALS AND METHOD

Pro root MTA (DENTSPLY Tulsa U.S.A.
(12002493), BioMTA retrograde(Bio MTA.CO.
Seoul, Korea (1608D14) and Total Fill bio ceram-
ic root repair material putty (BRASSELER USA.
(3952f)) were used in the current study.

Solubility test

Solubility test was conducted in accordance with
the International Standards Organization (ISO) 6876
Method and with the American Dental Association
(ADA) specification # 30 (22D,

Specimens’ Preparation

Actotal of 5 disc specimens of each root end filling
material ( Pro root MTA, Bio MTA, and Total Fill
biocearmic) were prepared using a split teflon mold
of circular space 10 mm in diameter and 2mm in
thickness. A convenient length of dental floss (Oral
B dental floss (234587).)was weighed (M1) using
an electric balance having sensitivity of 0.0001g.
Pro root MTA, Bio MTA root and Total Fill root
end filling materials were manipulated according to
manufacturer instructions with 3:1 powder: liquid
ratio for both Pro root MTA, Bio MTA. The dental
floss was inserted in the three tested materials be-
fore setting. Specimens were left to set in a humidor
and placed inside an incubator cabinet maintained
at 37°C for 24 hours. For each specimen a clean dry
bottle was weighed using the electric balance (A GP
600 P Sartorius analytical balance, DWS, Inc.). The
bottle was dried at 150°C for at least 2 hours in an
oven, then cooled for 1 hour at room temperature
in a desiccator containing silica gel .This weight is
recorded as dry bottle weight (M2) . Then the speci-
men was placed in the corresponding bottle and was
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weighed (M3).Where:M1, indicate the weight of
dental floss, M2, indicate the weight of dry bottle
and M3, and indicate the weight of bottle contain-
ing the specimen.

The prepared disc was suspended by the dental
floss so that it does not touch the sides of the bottle
and submerged by pouring 50 ml of distilled water
into the bottle. The bottle was closed tightly and
stored in an incubator maintained at 37°C for a
period of 24 hours. An amount 50 ml of distilled
water was poured into a separated blank bottle (with
no specimen) and placed in the same incubator at
37°C for a period of 24 hours. After 24 hours of
immersion, the specimen was removed and the
water was evaporated in an oven at a temperature
slightly below boiling point (90° C). After the
evaporation of water (from both the empty bottle
and the bottle containing the specimen) , the bottles
were dried for 24 hours in an oven at 110°C, then
cooled to room temperature, then weighed (M4).
The increase in weight of the blank bottle due to
presence of distilled water residual was determined
as (M5).The amount of water leachable content
from the specimen was expressed as percentage of
solubility by the following equation according to
ISO 6876 standard.

m4-(m5+m2)

Solubility % =
Oy 7o m3-(m2+ml)

x100

Where: M4, indicate the weight of dried bottle
with the specimen residue and M5, indicate the
weight of blank bottle containing water residue sub-
tracted from the weight of the blank bottle.

Sealing Ability test

Teeth Selection

The teeth used in this study were obtained from
patients of private clinics who have already signed
a consent form on their approval of using their teeth
as specimens and were extracted for pulpal or peri-
odontal reasons. This study was approved from the
Ethical Committee of Faculty of Dental Medicine
for Girls, Al-Azhar University.



(550) ADJ-for Grils, Vol. 7, No. 4

A total number of 15 freshly extracted human
mandibular premolars with straight roots, single
canal, and fully formed root apices were selected
for the current study. The selected teeth were ra-
diographically examined to exclude any roots that
had abnormalities such as calcifications, fractures
and root resorptions (external or internal). The teeth
were cleaned from any hard deposits using ultra-
sonic scaler (Satalec, France )and immersed into
5.25% sodium hypochlorite(Egyptian Company for
households bleach, Egypt) solution for 30 minutes
to remove any soft tissue as it has high affinity to re-
move the soft tissue and remaining PDL tissue from
the external root surface due to its dissolving power.
Then the teeth were stored in normal saline (El Fath
for drug and cosmetic industry) solution 0.9% at
room temperature till time of use due to its isotonic
nature and has no action on the surface integrity of
tooth structure.

Specimens’ Preparation

The teeth were transversely sectioned at the ce-
mento—enamel junction to allow specimens length
standardization of 15 mm by using a diamond disc
(Komet, Germany ,8105466) mounted in low-
speed handpiece under water cooling. Entrance to
canal was made in 15 teeth, then each canal was
prepared using ProTaper Next rotary files system
(DENTSPLY MAILFER 134526) acording o manufac-
turer instructions with the following sequence X1,
X2 and end to X3 in a crown down motion that al-
low maximum reduction of root canal microorgan-
isms and maximum penetration of irrigant solution.
Irrigation was performed using 2.5 % sodium hypo-
chlorite by using a side vented 27-gauge needle, the
needle was positioned 2mm shorter than the work-
ing length during irrigation in order to ensure ad-
equate irrigant flow especially at the apex resulting
in more debris removal and proper fluid exchange
and displacement.

Furthermore, root canal obturation was done us-
ing gutta- percha cemented with resin sealer. Excess
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gutta-percha cones was removed from the orifice
with hot instrument then the specimens were stored
at 37°C and 100% humidity for 24 hours to allow
complete setting of obturation materials. Then the
apical 3 mm of each root was removed with a dia-
mond disc mounted in low-speed handpiece, under
water spray, at 90 degrees to the long axis of the
tooth. Then the root-end cavity preparations (classl
cavity with 3mm in depth and 1.5mm in width) ©®
was done using diamond ultrasonic tips ( Satelec,
France) The root specimens were kept in a moist
gauze to simulate the clinical condition.

The root-end filling materials (Pro root MTA,
Bio MTA, Total Fill), were manipulated according
to the manufacturer’s instructions in order to have
a homogenous mix. Pro root MTA is supplied as
a pack of 0.5g and Bio MTA is 0.3 g, with a pre-
measured unit dose of water for convenience mix-
ing. Upon mixing, the Pro root MTA and Bio MTA
material reached the working consistency rapidly
and were ready to be placed into the prepared cavity
with a special carriers. However, the total fill was
already supplied as a ready made putty form so it
didn’t need any kind of mixing. It was placed di-
rectly inside the prepared cavity with a carver and
packed with a plugger.

Moreover, radiographs were made for all speci-
mens to evaluate the quality of the root-end fillings.
More packing was done to obtain excellent adap-
tation radiographicallyVatech, HD, Korea, LTD.)
Furthermore, the specimens were wrapped with
moist gauze at 37°C and 100% humidity till com-
plete setting.

Environmental Scanning Electron Microscope
(ESEM)

The specimens were longitudinally sectioned by
using water cooled low speed diamond disc isomet
(iBuehler Ltd, Germany) device at 2550 rpm speed
.The specimens were examined using ESEM which
was maintained at approximately 15 Kv and 10-6
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Torr under high vacuum condition. Specimen im-
aging was done by secondary electrons using a
secondary electron detector. The surface of each
tested specimen was viewed and photographically
recorded with a charged couple device (CCD) at
low magnification (200x). The magnification was
then elevated up to 2000x for each specimen at the
material-tooth interface; the gap distance in microns
was recorded at five points. All the specimens were
photographed at five points at 2000x.

Statistical Analysis

In each test, the calculation of mean value and
standard deviation (SD) value were done for all
groups. The collected data showed normal dis-
tribution after exploration of normality by using
Kolmogorov-Smirnov and Shapiro-Wilk tests.
Moreover, to compare between more than two
groups in non-related samples one-way ANOVA
followed by Tukey post hoc test was used. The level
of significance was set at P < 0.05. Statistical anal-
ysis was performed with IBM® SPSS® Statistics
Version 20 for Windows.

RESULTS

Solubility %:

The mean and standard deviation values for the
solubility % of all tested groups are shown in table
(1) and graphically represented in figure (1). The
results reveled that, there was a statistically signif-
icant difference between the control group (MTA
group) and the other tested groups. The Pro root
MTA group recorded the statistically highest solu-
bility % (3.17+ 0.99). Meanwhile, the Bio MTA
group and Total Fill group showed a lower solubil-
ity % in comparison to Pro root MTA group (1.04 £
0.50 and 1.02 + 0.44 respectively).

However, no statistically significant difference
was recorded between Bio MTA group and Total
Fill group (p > 0.05).
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Table (1): The mean, standard deviation (SD)

values of solubility% in tested groups.

Group Mean £SD
MTA Group 3.17* + 0.99
Bio MTA Group 1.04° + 0.50
Total Fill 1.02°+ 0.44
p-value <0.001*

Means with Different letters indicates a statistically

significant difference *; significant (p<0.05)

solubility %

1 I
0

EMTA Group W Bio MTA Group Total Fill Group

Figure (1) Bar chart representing solubility% for tested groups

Sealing ability:

The mean and standard deviation values for the
sealing ability of all tested groups are shown in
table (2) and graphically represented in figure (2).
The results reveled that, there was a statistically sig-
nificant difference between the control group (Pro
root MTA group) and the other tested groups. The
Pro root MTA group recorded the statistically low-
est sealing ability (2.08+ 0.12). Meanwhile, the Bio
MTA group and Total Fill group showed a higher
sealing ability in comparison to Pro root MTA group
(8.1370.54 and 8.08* 0.50 respectively). However,
no statistically significant difference was record-
ed between BioMTA group and Total Fill group
(p>0.05).
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Table (2): The mean, standard deviation (SD)
values of sealing of different groups.

Group Mean +SD
MTA Group 2.08° + 0.12
Bio MTA Group 8.13*+ 0.50
Total Fill Group 8.08* + 0.54
p-value <0.001*

Means with Different letters indicates a statistically
significant difference *; significant (p<0.05)

Sealing Ability

10

2 ]
0

BMTA Group  mBio MTAGroup  m Total Fill Group

Figure (2) Bar chart representing sealing ability for different
groups

Environmental Scanning Electron Microscope
(ESEM)

Environmental Scanning Electron photomicro-
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graphs of the different tested materials and corre-
sponding gap distance between the root end filling
materials and dentin wall are presented in figures
(3). Regarding the Pro root MTA, the photomicro-
graph showed the lowest adaptation between den-
tin wall and tested material which was indicated
by a large gap distance which ranged (from 16.61
pum to25.21 um) as shown in figure (3 a).While the
photomicrograph of Bio MTA material showed the
highest adaptation with the dentin wall that was in-
dicated by the lowest gap distance that ranged (from
6.27 um to 9.15 um) as shown in figure (3b).

Moreover, the photomicrograph of Total Fill
demonstrated more adaptation with the dentin wall
than Pro root MTA as indicated by a small gap dis-
tance that ranged (from 1.49 pm to 5.42 um) as
shown in figure (3c¢).

Correlation between Solubility % and Sealing
ability

Pearson correlation was used to find the correla-
tion between two variables which are solubility%
and sealing ability are shown in table (3) and graph-
ically represented in figure (4). There was a signifi-
cant negative relationship between the solubility %
and sealing ability value where r = -0.703, and p
value 0.003, which stated that increasing in solubil-
ity percentage will be accompanied by decreasing
in sealing ability.

Total FIL

Figure (3) Scanning electron photomicrographs at magnification 2000x of a) Pro root MTA, b) Bio MTA, c) Total Fill
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Table (3): Correlation between Solubility % and
Sealing ability

Pearson correlation

Correlation coefficient( R ) -0.703
r? 0.495
P value 0.003

5.00-

4.00-

3.00

Solubility

2.00-

1.00

T T T T T T
0o 2.00 400 6.00 8.00 10.00

Sealing

Figure (4) Scatter plot showing correlation between Solubility
% and Sealing ability

DISCUSSION

Surgical intervention is required to preserve the
teeth with post treatment failure when non-surgical
retreatment fails to improve the condition. The
spread of bacteria from the root canal to the sur-
rounding tissues should be prevented when treat-
ing apical lesions. Root-end filling should be per-
formed properly for the success of endodontic sur-
gical procedures. ?. The presence of smear layer
which contains bacteria and necrotic tissues, limit
the optimum penetration of disinfecting agents and
medicaments into the dentinal tubules. It obstructs
the extension of sealer tags into the dentinal tubules
and thereby decreases adhesion by micro mechani-
cal forces® .In this study, smear layer was removed
using 15ml of 2.5% sodium hypochlorite for 3 min-
utes followed by 3ml of 17% EDTA solution for 1
minute then rinsed with saline to ensure complete
removal of sodium hypochlorite and EDTA 2%.
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In the current study all root canals were obturated
by cold lateral compaction of gutta-percha with res-
in seal that provide easy and controlled placement
of obturating material *>?%- Apicectomy was done
by removing the apical 3mm of the root which con-
tain maximum number of lateral canals that harbor
bacteria which is the cause of reinfection of periapi-
cal tissues. This was done by using diamond disc at
low speed contra-angle hand piece under continu-
ous water spray and was done perpendicular to the
long axis of the root with no bevel®”?®. This pro-
cedure was done to allow more conservation of root
structure, improved the crown root ratio, removes
the majority of apical ramification and reduced the
number of exposed open cut

Root end cavity was prepared by using diamond
ultrasonic tip parallel to the long axis of the root
and follows the anatomical outline of the pulp space
29, The cavity preparation was performed by using
diamond ultrasonic tip for the conservation of root
dentin and reducing the micro cracks that generated
during procedures

MTA represents the standard benchmark to
which other repair materials are compared to. It
has many favorable properties that support its clini-
cal use such as its biocompatibility, antimicrobial
activity and promotes regeneration of the original
tissue when placed in contact with dental pulp or
periradicular tissue ¢, BioMTA was chosen in the
current study, as it has high mechanical properties
with excellent biocompatibility, as well as bioactive
behavior. Moreover, the material has a very fast set-
ting reaction (2.5 minutes) which made the single
visit pulp therapy more acceptable ¢'-32).

Total Fill biocearmic root repair material was se-
lected in the present study which is a ready-made
putty that allow easy handling and placement. It
has a smaller particle size with excellent tissue re-
action and biocompatibility ¢*. It can be placed in
incremental pattern which minimize the voids and
enhance the sealing ability ¢%. The material has
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indications similar to calcium silicate containing
materials e.g. Bio MTA, it has better consistency,
better handling, safety, and faster setting time which
creates no need for a two-step obturation®V.

Moreover, it is worthy to explain that, the chemi-
cal reaction that leads to the setting of MTA cement
is called “hydration reaction” that happens when
the fine hydrophilic powder particles are mixed
with water. During the hydration process, calcium
and hydroxyl ions originate from the dissolution
of the calcium-silicate particles and form large
amount of calcium hydroxide layer on the material
surface®+37.

The results of the current study recorded that Pro
root MTA showed the highest mean solubility % in
comparison to Bio MTA and Total Fill. This could
be attributed to the soluble components of MTA
cement which are partially leached in water when
set in an aqueous media as it is hydrophilic. This
reaction is accompanied by high setting expansion
which in turn provide space for more water uptake
leading to leaching out of more soluble components
of MTA cement ©®. Furthermore, MTA is com-
posed of Portland cement and bisthmus oxide as
a radiopacifier filler, the Portland cement particles
is responsible for the setting reaction. However,
bisthmus oxide does not contribute in the hydration
reaction so it is easily leached out from the mate-
rial. Moreover, adding Bismuth oxide prolongs the
setting reaction which increased water uptake that
lead to easily leaching out of large particle size
of bisthmus oxide, that’s finally lead to increased
solubility ¢V, These results are in agreement with
other studies ¢+*7, which showed that bisthmus ox-
ide more leaching from Pro root MTA increased the
solubility of the material in comparison with other
materials that doesn’t contain bisthmus oxide.

On the other hand, the Bio MTA and Totalfill
materials have showed a decrease in the solubility
% in comparison to Pro root MTA. This may be ex-
plained by both have fast initial setting time (2.5
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minutes for Bio MTA, 30 minutes for total fill).
This fast setting allow more resistance to wash out
of its particles during the setting of the material.
Moreover, these materials contain calcium zirconia
complex with nanosized particles (1x10° um at its
greatest size) which is more resistant for leaching
out compared to easy release of free calcium ions
which is present in MTA. Thus the solubility of zir-
conium containing materials (Bio MTA and Total
fill) was less than the solubility of bisthmus oxide
containing material (Pro root MTA) .

This finding was in agreement with another
study which concluded that zirconium oxide is
more stable than bismuth oxide in the cement ma-
trix “>*). However, these results were inconsistent
with the results of a previous study which reported
that the solubility of Bio MTA and Total Fill was
higher than MTA. The high solubility is the result
of hydrophilic nanosized particle which has high
surface area that allows the more liquid molecule
to come in contact and wet the particles. The dis-
crepancy between the results may be attributed to
variation in the methodology “*.

In the current study, Bio MTA and Total Fill have
higher sealing ability in comparison to Pro root
MTA. This may be attributed to its large amount
of hydroxyl, calcium, and phosphate ions, respec-
tively, which readily alter and raise the pH of area
lead to more hydroxyapatite crystal formation make
them more able to close the gap which is respon-
sible for increasing the sealing ability of the mate-
rial 9. Furthermore, the total fill materials form tag
like structure in dentin that cause micromechanical
interlocking and bonding to dentin which is not seen
with pro root MTA. Good adaptation of the mate-
rial is influenced by its flow and stickiness which is
achieved by the putty consistency of Total Fill, thus,
increasing the sealing ability #4647,

The results of the current study are in agree-
ment with a previous study “® which concluded that
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the biocearmic root repair material showed better
sealing ability when compared with other root repair
materials. This may contradict a previous study“”
which revealed no significant difference between
PRO root MTA and biocearmic root repair mate-
rial regarding the sealing ability. Moreover, another
study ©» showed that PRO root MTA has a signif-
icantly high sealing ability than biocearmic root

repair.

Although, the MTA have high solubility but it
still showed clinical acceptable sealing ability and
this may be due to the formation of the large amount
of calcium hydroxide crystals that initiate the depo-
sition of cementum against MTAG* 37,

Finally the results of the current study revealed
that there is a negative correlation between the seal-
ing ability of material and its solubility which in-
dicted that increase in solubility will be accompa-
nied by decreasing in sealing ability. This finding
was accepted due to increase solubility of material
may lead to degradation of bond between the root
end filling material and root dentin that lead to gap
and increase microleakage. Also increased the root
end filling material solubility due to loss of surface
integrity related to high leached out material par-
ticle. These results were in agreement with the pre-
vious studies which states that the loss of surface
integrity of any material lead to increased its solu-
bility and decrease its sealing ability 1849,

CONCLUSIONS

Within the parameters of the current study it
could be concluded that Total Fill and Bio MTA ex-
hibits less solubility % and better sealing ability
compared to the Pro root MTA. Based on improved
sealing ability of both Total Fill and Bio MTA ma-
terial, they could be considered as a good choice for
the replacement of conventional MTA as root end

filling materials

(555)
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