Effect of the immersion moment at the volumetric
alteration of the mineral trioxide aggregate HP
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ABSTRACT

Introduction: Solubility is a property related to the dissocia-
tion of the constituents of the material by the action of con-
tact with the surrounding liquid, for this reason, the aim of this
study was to evaluate the effect of the hydration during the
scanning in the microtomography on the volumetric altera-
tion of the MTA HP. Methods: Twenty acrylic teeth upper
incisor with retrograde cavity were utilized. The MTA HP
cement was inserted into the cavity using a Paiva conden-
sor. The specimens were visually inspected with a 5x mag-
nifying glass to ensure they did not remain void or gaps. The
specimens were divided into 2 groups (n=10). The teeth were
scanned shortly after handling the MTA. For the group with
water immersion, hydrated Eppendorf was kept with 1mL
the water during the scanning and the other group, the teeth
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were scanning without water. In the two groups the teeth
were immersed into water during 7 days. Next the teeth were
newly scanned in the Micro-CT using the same parameters
and conditions of each group. Reconstruction of images by
the Nrecon software and the solubility volume determined
by the CTan, analyzing the volumetric change. Results: The
group of specimens scanned immersed into the water pre-
sented higher volumetric change with statistically significant
differences in relation the group scanned without immersion.
The scanning of the specimen immersed in water favors the
greater volumetric loss of the material. Conclusion: Stud-
ies to evaluate volumetric change of calcium silicate cements
should be made immersed in water.
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Introduction

Several studies have analyzed the physicochemi-
cal properties of endodontic and retrograde filling
materials.!® Recently a study correlated the results of
physicochemical properties usually obtained by stan-
dard tests with the results obtained by tests using new
methodologies such as micro-CT?°

The proposed tests with Micro-CT complemented
the conventional tests, allowing three-dimensional
data to be obtained, perfecting the tests recommend-
ed by ISO standards and representing standardized
and reproducible methods.'*” Generally, in vitro tests
evaluating the properties of solubility and volumetric
change have been done according to the specifica-
tions of ANSI/ADA n57 or ISO 6876. These stan-
dards are based on the difference in weights before
and after contact with distilled water.*®!! However, this
study followed the methodology based on the volumet-
ric change obtained from the digitalization of three-
dimensional images of the specimens obtained by
micro-CT.>!? This methodology has a great advantage
because it evaluates only the radiopaque material, thus
excluding the water under analysis, which is a factor
that must be considered, since MTA is hydrophilic ce-
ment. The specimens simulated the clinical aspect in
better shape and allowed the data to be compared with
those of other studies that have used retrograde mate-
rial in cavities of replicas of natural teeth.*!!3

Solubility is a property directly related to the disso-
ciation of the constituents of the material by the action
of contact with the surrounding liquid. Thus, the larger
contact area, as found in samples tested according to the
[SO standard, increases the possibility of greater solubil-
ity. Furthermore, analysis performed after periods of im-
mersion in distilled water complements evaluation of the
solubility of the materials, and allows greater understand-
ing of the dimensional behavior and solubility of the ma-
terials in periods longer than 24 hours.”!* As shown in the
studies that performed the solubility or volumetric change
tests using blocks with retrograde cavities, the teeth were
scanned by micro-CT but without being in contact with
water, and normally the material heave the setting with-
out coming into contact with humidity.

However, these studies did not evaluate the solu-
bility or volumetric change during the setting time of
the material. Please note that no studies were found,
which evaluated whether scanning with the teeth im-
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mersed in water interfered in the volumetric change
of the material. Therefore, the aim of this study was
to verify and compare whether scanning the speci-
mens immersed in distilled water would influence in
the volumetric change (solubility), thereby reproduc-
ing a situation closer to that of the surgical or perfo-
ration site, due to local humidity at all times.

Materials and methods
Obtaining Specimens

The white MTA HP cement (Angelus, Londrina,
PR, Brazil) was manufacturer recommends 1 pack-
age of MTA REPAIR HP and 1 drop of the liquid.
Twenty acrylic teeth, replicas of a central maxillary
incisor were made and retrograde cavities with 1012
standardized spherical drill bits with 3 mm of deep
were performed and filled with MTA cement using
an operating device such as the Paiva condenser. The
specimens were visually inspected with a 5x magnify-
ing glass to ensure they did not contain void or gaps.
The specimens were divided into 2 groups (n = 10)
according to the immersion in water, or not during the
scanning procedure by Micro CT.

Solubility analysis

To determine the solubility of the groups, after fill-
ing specimens were immersed in glass vials contain-
ing 10 ml of distilled water. The teeth were scanned
immediately after handling the MTA. Group 1 was
kept in hydrated Eppendorfs during the scanning,
while the replicas of Group 2 were also in eppendorfs
but these without water and then were scanned with-
out immersion in the water. The solubility was mea-
sured volumetrically by a microcomputer from the to-
mographic images. The samples were scanned using
a microfocus CT scanner (SkyScan 1174v2; SkyScan,
Kontich, Belgium). The scanning parameters were
determined using 50 kV of X-ray tube voltages, 800
MA of anode current, a voxel size of 14.1 ym with
1,1° pitch of rotation and 360° rotation. Digital data
with 1024 x 1304 pixels were compiled by the recon-
struction software (NReconv1.6.4.8, SkyScan), and
the software (CTan CTan v1.11.10.0, SkyScan) was
used for volume measurements. For each sample, a
binary value was adjusted and through the 3D plug-
in the analysis the total volume (mm?*) was recorded.
After the first readout, the samples were immersed
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in glass vials containing 10 mL of distilled water
and then stored at 37 °C for 168 h. Subsequently, the
samples were scanned again using exactly the same
parameters and conditions as those used in the first
scan, and the volume was analyzed again. The re-
sults were converted into solubility percentages. The
values were subjected to the Shapiro-Wilks test to
evaluate the normal distribution. Due to absence of
normal distribution, the intra-group comparison was
made by using the Wilcoxon test, and for comparison
of the percentage of volumetric change between the
groups, the Man-Whitney test was used. The signifi-
cance level was 5%.

Results

The two groups presented statistically signifi-
cant differences between the initial and final volume
(P<0.05). The group scanned immersed in the wa-
ter presented higher volumetric change values with
statistically significant differences in comparison
with the group scanned without immersion in water
(P<0.05) (Table 1).

Figure 1 shows the representation of the three-
dimensional solubility reconstructions after the ini-
tial and final volume micro-CT scans of Group 1 im-
mersed in water and of Group 2 without immersion
In water.

Table 1. Median, minimum and maximum values of the initial volume, final volume and percentage solubility after 7 days in the studied groups.

Initial volume
0.52 (0.21-0.94)
1.43 (0.16-1.83)2

Water immersion

Without water immersion

Final Volume % Solubility
0.39 (0.06-0.70)° 23.5 (0-70.07)A
1.33 (0.16-1.77)° 1.55 (0-13.73)8

Different lowercase letters show the statistically significant difference between the initial and final volumes in the intra-group comparison (P<0.05). Dif-

ferent Capital letters show statistically significant differences in the percentage of volumetric change in the comparison between the groups.

Immersed in water

Without immersion

Figure 1. Shows the representation of the
three-dimensional solubility reconstructions
after the initial in blue color and final volume
in red color micro-CT scans of Group 1 im-
mersed in water and of Group 2 without im-
mersion in water.
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Discussion

The volumetric change of root end and perfora-
tion sealing materials is an important property, since
dissolution of the material can allow infiltration, com-
promising the success of the treatment. In vitro tests
evaluating the properties of solubility or volumetric
change have used the ANSI/ADA n57 or ISO 6876
specifications, which are based on the difference be-
tween the weights before and after the placement of
the cement in distilled water.*"!° However, hydrophil-
ic material can absorb water and increase in weight
without adequately demonstrating its solubility. An-
other point is that in the cited methodology, the mate-
rial is tested after setting and it does not demonstrate
the solubility during setting.

The present study followed the methodology based
on the volumetric change obtained from the digitali-
zation of three-dimensional images of the specimens
by micro-CT51%1! This methodology has a great ad-
vantage because it only evaluates the radiopaque ma-
terial, thus excluding the water under analysis, which
is a factor that must be considered because MTA is
a hydrophilic cement. Another point is that the speci-
mens used presented similarity with the clinical as-
pect, allowing the data to be to compare with those
of other studies that used the root end filling material
in cavities in replicates of natural acrylic teeth 1213

New methodologies such as micro-CT can be
used to analyze physical-chemical properties of end-
odontic types of cement and root end filling materi-
als relative to dimensional change.!’'*!® The use of
Micro-CT in the present study allowed the volumetric
analysis (in mm?) of the materials, and showed the
dimensional change. Furthermore, analysis after the
periods of immersion in distilled water complement-
ed evaluation of the solubility of the materials and
allowed greater understanding of the dimensional
behavior and solubility of the materials in periods
longer than 24 hours. The images were acquired us-
ing microtomography, allowing the use of the same
specimen in different periods of analysis. The proto-
cols developed using Micro-CT to evaluate the filling
capacity of the materials allowed a three-dimension-
al analysis of the filling percentage from the empty
cavity.!s
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However, in the other studies!?!®2?? the scanning
was performed with the material without it coming
into contact with the liquid. Thus, during the first
hour, which is the time taken to perform scanning,
the material was without contact with moisture and
consequently it did not have the effect of solubiliza-
tion. Hydration of the MTA cements and calcium sili-
cate results in reduction of the space for solubiliza-
tion and precipitation of hydrated compounds. There
is growth and consequent densification of the matrix
of these products, probably due to the precipitated
surface crystals that are released from di- and trical-
cium silicate-containing materials, and these avoid
a further increase in solubility.!*?*?* Porosity occurs
because of spaces in the non-hydrated cement,* and
the porosity and solubility of materials may affect
their stability, integrity, and durability.* The porosity
may be visually determined by observing the size and
distribution of pores in the polished surface of ce-
ments.!! However, comparing the volumetric change
with hydration and processing the actual state is im-
portant.

The aim of this study was to verify and compare
the volumetric change during the scanning proce-
dure by micro-CT with the specimens immersed or
not in distilled water. The results of the present study
showed that the scanning of the material immersed
in water significantly increased the volumetric loss of
the material, demonstrating that the higher volumet-
ric change values occurred during the setting of the
MTA HP Probably the scanning with the specimen
immersed in water favored greater reactivity and for-
mation of Portland (Calcium hydroxide), which is a
soluble component.?® The majority of the studies in
the literature were conducted without the ideal repro-
duction of moisture, which influenced the solubility
test, therefore it is suggested that in new studies that
will be using this methodology, the specimens should
be immersed in water during the scanning procedure.

Conclusion

The scanning of the specimen immersed in wa-
ter favors the greater volumetric loss of the material.
Studies to evaluate volumetric change of calcium sili-
cate cements should be made immersed in water.
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