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Abstract:

Background:

The placement of a wet cotton pellet against Mineral Trioxide Aggregate (MTA) is often recommended to ensure the completion of its setting
reaction.

Objective:

This study aimed to evaluate the setting behaviour of MTA Angelus and NeoMTA by comparing their hardness after placing them in dry and moist
conditions.

Methodology:
A simulated open apex was created on 40 polyvinyl tubes. The apical 4 mm of the tubes was filled with the two materials, NeoMTA Plus (Avalon
Biomed Inc. Bradenton, FL, USA) and MTA Angelus (Angelus, Londrina, PR, Brazil) (n=20 per group). Both groups were subdivided into two
subgroups based on the dry and wet conditions (n=10 per group). A wet cotton pellet was placed above the two materials in the wet group, and the
coronal  segment  was  sealed  using  Type  II  Glass  ionomer  cement  (GC corporation  Tokyo,  Japan).  Gutta-percha  was  placed  against  the  test
materials in the dry group with the coronal segment sealed with amalgam. Samples were placed in an oasis soaked in phosphate-buffered saline for
seven days in 100% humidity and at 37°C. Microhardness was measured independently at 4 and 2 mm from the apex. Hardness was compared
between materials and conditions, applying analysis of variance (a = .05).

Results:
The presence of dry or wet conditions had no significant effect on material hardness. MTA Angelus showed significantly higher hardness values
compared with NeoMTA Plus.

Conclusion:
The moisture of the periapical environment can compensate for the absence of a wet cotton pellet and is adequate for the setting of the materials.
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1. INTRODUCTION

Apexification  is  the  procedure  used  to  create  a  calcified
barrier at the apex of a nonvital tooth with an immature apex.
The  main  objective  of  apexification  is  the  formation  of  a
calcific  barrier  at  the  apex  without  any  apparent  pathosis  to
induce root-end closure [1]. Calcium hydroxide has been in use
to  stimulate  the  apical  barrier  formation  in  an  immature
necrotic tooth to allow for ensuing obturation. Direct creation
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of  the  apical  barrier  can  be  achieved with  modern  materials,
some  of  which  integrate  moisture  in  their  setting  reaction.
These, in turn, reduce the duration of treatment while avoiding
the extended use of calcium hydroxide, which has been linked
with  increasing  the  risk  of  root  fracture  by  weakening  the
dentin [2].

Bioceramics  have  given  us  the  hope  of  generating
engineered human tissues, and this has revolutionized the field
of medicine [3].

In  recent  times,  mineral  trioxide  aggregate  (MTA)  has
achieved  massive  acceptance  for  use  in  apexification
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procedures.  The  apical  hard  tissue  formed  with  MTA  has  a
significantly  superior  consistency  compared  to  that  formed
with calcium hydroxide. It also helps in the formation of bone
and periodontium around its interface.

MTA Angelus (Angelus,  Londrina,  PR, Brazil)  is  one of
the most multifaceted materials in the world of dentistry of this
century.  It  has  shown  excellent  biocompatibility  and  has
excellent  potential  in  endodontic  use  [4].

NeoMTA Plus (Avalon Biomed Inc. Bradenton, FL, USA)
is  a  new  tricalcium  silicate  material  with  the  radio-opacifier
tantalum oxide (Ta2O5). This is combined with a water-based
gel for improved handling properties. A thin consistency of the
material  can  be  used  as  an  orthograde  sealer  or  a  thicker
consistency  for  root-end  filling  [5].

MTA  is  a  powder  that  contains  calcium  silicate  and
consists  of  hydrophilic  particles,  which  causes  setting  under
humidity  conditions.  The  hydrophilic  MTA  thus  requires
moisture to set. Previous studies have shown that the cement
has improved flexural strength when the setting reaction takes
place  in  the  presence  of  moisture  [4].  MTA  Angelus  and
NeoMTA differ mainly in their opacifier composition, with the
presence of bismuth oxide in the former and tantalum oxide in
the latter [6, 7].

The  manufacturers  of  MTA Angelus  and  NeoMTA have
recommended  placing  a  wet  cotton  pellet  against  these
materials  to  ensure  the  completion  of  the  setting  reaction.
Although few studies have stated that the periapical interstitial
fluid provides enough moisture for the condensed apical plug
to become hard enough,  the absorption of  moisture  by MTA
Angelus  and  NeoMTA  from  the  adjacent  periapical
environment  allows  the  setting  reaction  to  occur  [8].

The various fundamental material properties such as tensile
strength, elastic modulus, the stability of crystal structure, and
yield  strength  significantly  influence  the  microhardness  of  a
material.  Thus,  in  comparison  with  baseline  information,
microhardness  can  be  used  as  a  barometer  to  measure  the
strength and resistance to deformation and the setting process.
It  can  also  suggest  the  influence  the  different  setting
environments  have  on  the  material  strength  [9].  Vickers
hardness test is an indicator of the quality and progress of the
setting reaction as well as the strength of calcium silicate-based
material.

Therefore,  this  study  aimed  to  evaluate  the  setting
behaviour of MTA Angelus and NeoMTA by comparing their
hardness after placing in dry and moist conditions.

2. MATERIALS AND METHODS

The  study  was  approved  by  the  institutional  ethics
committee.  Forty  polyvinyl  plastic  tubes  were  used  as  the
experimental apexification models. A simulated open apex was
created in these polyvinyl tubes. The apical 4 mm of the tubes
was filled with the two materials, NeoMTA and MTA Angelus
(n=20  per  group).  Both  groups  were  divided  into  two
subgroups based on dry and wet conditions (n=10 per group),
as shown in Fig. (1).

According  to  the  instructions  by  the  manufacturers,  the
materials in both the groups were mixed. Suitable consistency
for  MTA  Angelus  was  achieved  by  using  a  3:1,  powder  to
water ratio. For NeoMTA Plus, one scoop (0.05 gm or 0.1 gm)
was dispensed on a non-absorbent pad. NeoMTA Plus gel was
dispensed as a streak (12-20 mm) next to the powder. A putty-
like consistency was achieved by gradually adding the gel into
the powder and spatulation of the powder/gel  mixture firmly
against the glass slab to wet the powder by the gel thoroughly.

Fig. (1). Distribution of polyvinyl tubes to NeoMTA and MTA angelus groups and dry and wet conditions.
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Fig. (2). Schematic representation of the experimental apexification model.

Once  mixed,  MTA  Angelus  and  NeoMTA  Plus  were
inserted individually as increments into polyvinyl plastic tubes
of internal diameter 2 mm and height 10 mm using an amalgam
carrier. The materials were inserted into the tubes 4 mm from
the proposed apex followed by vertical compaction using #80
endodontic plugger (GDC Germany stainless steel CE # RCP).
Subsequent procedures were carried out after a waiting period
of 11-15 minutes for the initial setting of the material.

In  groups  simulating  wet  conditions,  the  surface  of  both
materials  was  covered  with  a  damp  cotton  pellet,  following
which Type II Glass ionomer cement (GC corporation Tokyo,
Japan) was used to seal the coronal portion resembling multiple
visits. In groups simulating dry conditions, thermoplasticized
gutta-percha  bars  (Denjoy,  Hunan  province,  China)  were
directly  placed  on  the  surface  of  both  the  materials  using
vertical compaction. Amalgam was then used to coronally seal
the material as done in a single visit procedure.

Simulation  of  periapical  tissue  conditions  was  done  by
placing  all  the  samples  on  a  porous  oasis  saturated  with
phosphate buffering saline (Fig. 2). These samples, along with
the oasis, were kept at 37ºC in 100% humidity for seven days.
Diamond discs (0.25 mm) were used to section the tubes after
their  removal  from  the  oasis.  Sectioning  was  done  at  the
junction  of  the  gutta-percha  and  test  material  in  groups
simulating  dry  conditions.  Groups  simulating  wet  conditions
were  sectioned  between  the  cotton  pellet  and  test  material.
Samples  were  then  mounted  on  acrylic  moulds,  following
which  it  was  sequentially  polished  with  600  and  2000  grit
silicon  carbide  papers  and  pumice  paste.  The  samples  were
then  subjected  to  Vickers  microhardness  testing  (TEC-SOL,
India).  The  test  was  done  at  2  and  4  mm from the  proposed
apex. A square diamond pyramid indenter with a face angle of
136º and a load of 100 gm for ten seconds was used to perform

the test. The formula HV=0.1891[F/d2] was used to calculate
the hardness.

2.1. Statistical Analysis

Analysis of variance (ANOVA) model was used to analyze
the  influence  of  different  materials  and  conditions  on  the
hardness.

3. RESULTS

Figs.  (3  and  4)  show  mean  microhardness  of  the  two
materials in dry and wet conditions. The initial 3-way ANOVA
model  showed  that  the  interaction  between  material  and
condition (F 1,72=0.34, P = 0.561) as well as material and level
(F 1,72=0.82, P=.367) were not significant. A 2-way ANOVA
model  showed  a  significant  effect  for  “material”.
Microhardness  of  MTA  Angelus  was  significantly  higher
compared to NeoMTA (F 1,76 = 6.44, P = 0.013). Hardness of
the  materials  did  not  differ  significantly  in  dry  and  wet
“condition”  (F  1,76=1.10,  P=  .297).

4. DISCUSSION

According to  the  American Association of  Endodontists,
apexification is the “method to induce a calcified barrier in a
root with an open apex or the continued apical development of
teeth with incomplete roots and necrotic pulp.”

The first choice material to achieve apexification has been
Calcium Hydroxide, which requires 5-20 months and repeated
applications  for  inducing  the  formation  of  a  calcific  barrier.
The  long  course  of  this  treatment  includes  several  obstacles
such  as  the  dislodgement  of  the  temporary  restoration,
increased chances of re-infection as well as the requisite high-
level  patient  compliance.  To  overcome  this,  a  single  visit
apexification  procedure  has  been  proposed  [10].
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Fig. (3). Microhardness at 2 mm from the proposed apex (Error bars 95% CI).

Fig. (4). Microhardness at 4 mm from the proposed apex (Error bars 95% CI).

MTA,  when  used  for  root-end  filling,  has  a  favourable
sealing ability while being biocompatible and bacteriostatic. It
is  thus  considered  a  suitable  material  for  a  single  visit
apexification  [10].

The manufacturers recommend placing a wet cotton pellet
for the correct setting and maturation of MTA. According to
the  manufacturers,  the  setting  time  of  MTA  angelus  is  15
minutes,  and  that  of  NeoMTA Plus  is  315  minutes  [11,  12].

Various authors have suggested that the structural maturation
of MTA can range between 2.5 hours to 21 days,  continuing
well  past  the  setting  time  clinically  defined  by  the
manufacturers [13 - 17]. The retrieval of the cotton pellet and
placing a permanent restoration will  always require a second
appointment,  which may have implications for both cost and
comfort [18].

However,  several  studies  have  also  claimed  that  the
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absorption  of  moisture  from  the  periapical  environment  via
accessory  canals  and  cementum  may  be  adequate  to  allow
MTA to set [19].

A  chemical  reaction  between  the  cement  and  water  is
initiated when MTA meets water. This is the primary setting
reaction called a hydration reaction. Although the presence of
moisture has been recommended to allow sufficient setting of
MTA, the amount of moisture required for achieving maximum
beneficial properties is still up for debate [20].

According to the present study, the microhardness of MTA
Angelus  was  significantly  higher  compared  to  NeoMTA  in
both  dry  and  wet  conditions  at  both  the  levels  (2  and  4  mm
from  the  apex).  The  microhardness  of  the  two  materials,
however, was not significantly influenced by either dry or wet
conditions. Despite the recommendation to keep a moistened
cotton pellet from the intracanal side for the complete set of the
material, the materials could set in the dry condition due to the
fluid  present  in  the  periapical  environment  which  was
sufficient in providing the moisture required for the setting of
the materials.

In the current study, polyvinyl tubes were used to replicate
canals of internal diameter 2 mm and length 10 mm. MTA was
placed 4 mm from the proposed apex in both groups as done in
a previous study by Hachmeister DR et al. They had concluded
that increased resistance to displacement is achieved by a 4 mm
apical barrier than 1 mm, suggesting that the MTA thickness
directly affects its displacement, hardness, and sealing ability
[21, 22].

In  the  MTA  Angelus  and  NeoMTA  dry  groups,  gutta-
percha  was  placed  immediately  after  placing  the  materials,
followed by amalgam as a permanent restoration as it would in
a single visit apexification. In the MTA Angelus and NeoMTA
wet  groups,  the  wet  cotton  pellet  was  placed  above  the
material, followed by type II GIC as temporary restoration as
done in a two-visit apexification procedure.

According to Menkin et al.,  normal tissue pH in humans
falls within a range of 7.2 to 7.4, being slightly alkaline [23]. In
the current study, an oasis soaked in phosphate-buffered saline
(PBS),  a  synthetic  tissue  fluid,  was  used  to  simulate  the
periapical environment. PBS has a constant pH of 7.4 [24]. The
ends  of  all  the  samples,  which  mimicked  the  apical  region,
were inserted into the oasis. To simulate clinical conditions, the
specimens  were  incubated  at  37°C  and  100%  humidity  for
seven  days.  Richard  A  et  al.,  showed  that  MTA  had  higher
resistance to displacement at seven days when compared to 24
and 72 hours. This suggests MTA was still setting after the first
24 or 72 hours [25].

The measurement of hardness at 4 mm from the proposed
apex  helps  determine  whether  moisture  from  the  periapical
environment  was  sufficient  for  the  complete  hydration  and
maturation of the material. The hardness measurement at 2 mm
from the proposed apex is carried out to confirm the absorption
of  moisture  by  the  central  core  of  the  material  to  achieve
internal  hardness.  The  results  indicated  that  microhardness
between the two materials (NeoMTA and MTA Angelus) was
statistically not significant in both wet and dry conditions at 2
and 4 mm from the proposed apex (Table 1).

Table 1. Materials, conditions, and surface microhardness
from Vickers hardness testing (*) at two different levels.

Group n Material Condition HV (Kg/mm2)
2 mm*

HV (Kg/mm2)
4 mm*

1 10 MTA Angelus Dry 30.04 ± 3.76 47.35± 4.23
2 10 MTA Angelus Wet 32.94 ± 2.79 50.10 ± 4.04
3 10 NeoMTA Dry 26.04 ± 4.80 41.78 ± 6.99
4 10 NeoMTA Wet 28.03 ± 2.72 43.05 ± 5.61

Data were shown as mean values and standard deviations.

The  findings  of  our  study  indicated  that  both  MTA
Angelus  and  NeoMTA  Plus  absorb  moisture  from  the
periapical  surroundings  for  completing  the  setting  reaction.
Hence, in clinical conditions, the permeability of the cementum
and the presence of accessory canals allow the seepage of the
interstitial fluid, thereby allowing hydration and maturation of
the materials [19]. Thus, within the limitations of this study, it
is possible to perform apexification procedures in a single visit.

CONCLUSION

The hardness of the materials remained unaffected in wet
and dry conditions. The setting of either of the materials does
not require the presence of a wet cotton pellet. MTA Angelus
displayed a higher hardness in both the environments compared
to  NeoMTA.  The  use  of  both  materials  in  either  wet  or  dry
environments  can  thus  be  accepted  for  a  single  visit
apexification  procedure.
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