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SUMMARY

Introduction The function of root canal fillings is to seal the root canal system. The important phys-
ical property necessary for sealers to achieve this is low solubility. However, any therapeutic effect of
calcium hydroxide-based sealers is dependent on the calcium hydroxide being in ionized form, which
implies that the material must be at least partly soluble.

Objective The objective of our study was to compare weight changes of Acroseal and Apexit, conven-
tional calcium hydroxide-based sealer and AH Plus, epoxy-amine resin sealer in Hank's solution at differ-
ent exposure times.

Methods The standardized samples of each material were weighed and immersed in the Hank'’s solu-
tion for 1 h, 24 h, 96 h, 14 days and 28 days. After these exposure times, they were removed, dried, and
weighed again. Mean weight changes were determined and the differences between sealers were-anal-
ysed statistically using a one-way ANOVA.

Results The highest differences in mass were observed in Apexit, 1.52%, and were significantly differ-
ent from Acroseal, 0.93% (p<0.05) and AH Plus, 0.45% (p<0.05). There were no significant differences
between Acroseal and AH Plus, except for 96 h period.

Conclusion Under the conditions of our study, it may be concluded that the Acroseal sealer presented

the behaviour more like epoxy-based material, AH Plus, than calcium hydroxide sealer, Apexit.
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INTRODUCTION

The primary goal of successful endodon-
tic therapy is the complete obturation of the
root canal. It is well established that the sealer
cement is an extremely important component
of the root canal filling necessary for achiev-
ing three-dimensional obturation of the canal
space. The function of root canal fillings is to
seal the root canal system and prevent micro-
organisms and/or their toxic products from
reaching the periodontal tissues [1].

Possibly the most important physical prop-
erty necessary for sealers to achieve this is low
solubility. Low solubility of root-canal sealers
has been introduced as a requirement in the
International Standard ISO 6876 for root-canal
sealing materials. This standard requires that
endodontic sealing materials do not exceed
the maximum weight loss of 3% after storage
in distilled water for 24 hours. Moreover, the
sealers should be of low solubility because the
components leaching from the root-canal fill-
ing may have undesirable biological effects on
the surrounding tissue [2, 3].

Since root-canal filling materials may be
in direct contact with periapical tissues for a
prolonged period of time, their biocompatibility
is of primary importance. The use of improved
“biologic” sealers based on calcium hydroxide
has been proposed for permanent sealing of
the root canal system [4]. The two most impor-

tant reasons for using calcium hydroxide as a
root-filling material are the stimulation of the
periapical tissues in order to maintain health or
promote healing and secondly for antimicro-
bial effects. Any therapeutic effect of this type
of sealer is dependent on the calcium hydrox-
ide being in ionized form. This implies that the
material must be at least partly soluble [5, 6].
One study reported that the release of calcium
and hydroxyl ions from the calcium hydrox-
ide-containing sealers may be variable, and
this could be attributable to the differences in
the disintegration rate of the sealers as a conse-
quence of their composition [7].

OBJECTIVE

The objective of this study was to compare the
weight changes of Acroseal and Apexit, conven-
tional calcium hydroxide-based sealer and AH
Plus, epoxy-amine resin, which is frequently
used as a control material in research after
immersion in Hank’s solution at 1 h, 24 h, 96
h, 14 days and 28 days exposure times.

METHODS

Three different root canal sealers were tested
in this study: Acroseal (Septodont, Saint Maur
des Fosses, France), Apexit (Ivoclar Vivadent,
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Schaan, Liechtenstein) and AH Plus (Dentsply, Konstanz,
Germany). Samples were immersed in the HanK’s solution,
whose ingredients are listed in Table 1.

The tests recorded weight differences before and after the
immersion of test specimens. Stainless steel ring moulds of
an internal diameter 20.0+0.1 mm and a height of 1.6+0.1
mm were used for sample preparation. All moulds were
cleaned with acetone in an ultrasound bath for 15 minutes.
All moulds were weighed three times prior to use (accu-
racy: £0.0001 g). The mean values were calculated.

The mould was supported by a glass plate of larger
dimensions, covered with a cellophane film, and filled
by the sealer using the mixer tip, supplied by the manu-
facturer, according to manufacturer’s instructions. All
samples were left to set on a grating in a cabinet at 37°C
for 24 h and 95% relative humidity. Twenty-five samples
were prepared from each sealer and then divided into five
groups of 5, ready for immersion in Hank’s solution for 1
h, 24 h, 96 h, 14 days and 28 days. Prior to the immersion
of the samples, all sealers in their moulds were weighed

Table 1. Ingredients of the Hank's solution (filled up with distilled wa-
terto 1 kg)

Ingredient Content
CaCl-2H O 186 mg/L
KCl 400 mg/L
KH PO, 60 mg/L
MgSO -7H O 200 mg/L
NadCl 8000 mg/L
NaHCO, 350 mg/L
Na HPO -7H O 90 mg/L
Glucose 1000 mg/L
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Graph 1. Weight changes of sealers for different immersion times

Table 2. Mean weight changes of sealers over time

Material 1h 24 h 96 h 14 days | 28 days
Acroseal 0.014 -0.004 -0.3 -0.6 -0.9
Apexit 0.46 0.56 1.05 1.2 15
AH Plus 0.1 -0.08 -0.12 -0.3 -0.4
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(Acculab ALC-110.4, Goettingen, Germany) three times
and the average reading was recorded.

The samples were suspended by nylon thread and placed
inside a plastic vessel, containing 50 mL of Hank’s solution
so that both surfaces of each sample were freely accessible
to the liquid. The plastic vessels, in which the samples were
placed, were sealed and left in an incubator at 37°C and
95% relative humidity for the specified immersion period.
There was no agitation of the samples. Hank’s solution was
changed at weekly intervals. As controls, in terms of solvent
action on metal moulds, 5 empty moulds were immersed
in HanK’s solution for 1 h, 24 h, 96 h, 14 days and 28 days
and any changes in weight were recorded.

The samples of sealers were removed from the plastic
vessels after the specified immersion period and rinsed
with 3 mL of double-distilled water and allowed to dry for
24 h at 37°C in an oven, as described by Schafer et al. [8].
Thereafter, the samples were weighed three times and the
mass of the sealer was determined. The differences in mass
between the original weight of sealer and its final weight
were calculated as a percentage of the original mass.

The differences in mass between sealers were assessed
by analysis of variance (one-way ANOVA; p<0.05)
using commercially available software (SPSS 10.0, SPSS,
Chicago).

RESULTS

There was no change in the weight of empty moulds after
the immersion in solution at any exposure times. The
results for all sealers, with respect to time, are shown in
Graph 1. By the end of immersion time of 28 days AH
Plus, the epoxy-based material, showed fewer mass differ-
ences than other sealers. The biggest differences in mass
were observed in Apexit, 1.52%, and were significantly
different from Acroseal, 0.93% (p<0.05) and AH Plus,
0.45% (p<0.05), (Table 2). While Apexit showed progres-
sive weight loss throughout the experiment by indicating
that dissolution exceeded water uptake, Acroseal and AH
Plus showed a gain in mass, representing water sorption.
Although the differences in mass recorded for Acroseal
for immersion times up to 96 h were lower, and higher at
exposure times greater than 96 h, there were no signifi-
cant differences between Acroseal and AH Plus, except at
exposure time of 96 h.

DISCUSSION

Property such as solubility of the root canal filling materi-
als is associated with the integrity and stability of the canal
wall/sealer or sealer/ gutta-percha, being directly related
to the desired hermetical sealing [9, 10]. High solubility
of root canal sealers is undesirable because it may result
in increases in bacterial leakage [3, 5, 8, 9] and cause the
release of materials that could irritate periapical tissues
[3, 5]. No laboratory test can completely simulate in vivo
conditions. However, Donnelly et al. [11] suggested that
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solubility studies should be regarded as a form of accel-
erated aging and laboratory studies remain useful screen-
ing techniques that must be properly interpreted. In such
studies materials are prepared with very large surface areas
that are directly exposed to excess solution, and if materials
do not absorb water or loose dry mass under these condi-
tions, then they might have better clinical performance.

In the present study weight changes of test specimens
were recorded by determining the difference in mass of the
sealers samples after storage in Hank’s solution, although
the International Standard ISO 6876 (2001) suggests that
the increase in weight of the dish in which the samples
have been placed should be ascertained as the amount of
material removed from the specimens. The specimens
were weighed in order to avoid an underestimation of the
material going into solution, if a constituent of the eluate
is lost by volatilization during the course of evaporation
[12]. Furthermore, the drying process of the specimens
after immersion in Hank’s solution may lead to evapora-
tion of volatile components in the sealer [12]. According
to Wilson et al. [12], the test only truly measures the extent
of the decomposition of the material when the degrada-
tion products are water-soluble. In order to remove loose
debris of decomposition, all samples were washed with
double-distilled water after the immersion period [8]. The
test immersion time described in the International Stan-
dard ISO 6876 (2001) was supplemented by longer immer-
sion periods as it was suggested by Wilson et al. [12]. Also
McMichen et al. [5] stated that in the root canal, the sealer
may be exposed to tissue fluid and exudates and it is there-
fore necessary to determine the effects of prolonged expo-
sure of the sealers to fluid. In the present study Hank’s solu-
tion was used in order to mimic tissue fluids.

Wilson et al. [12] stated that solubility of a solid when
strictly defined as a physicochemical term can only be
applied to the situation where a pure chemical compound
is in thermodynamic equilibrium with its solution and
with regard to this definition the test used in the present
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Mopehere pacTBOpP/LMBOCTU U YyNUjaHba BOAE €HAOAOHTCKOr cunepa Acroseal
ca nactama Apexit u AH Plus y XeHKoBOM pacTBOpy

hypuua lpra, bojaH Llenetosuh, BecHa Munetvih, Mapuja JamjaHoB
KnuHuka 3a 6onectu 3yba, Cromatonowku dakyntet, YHuBepsuteT y beorpagy, beorpaa, Cpbuja

KPATAK CALIPXKA)J

YBopa EHOOAOHTCKM crunepu ce KOpUCTe 3a 3anTuBake KaHa-
HOr cmcteMa KopeHa 3y6a. BaxkHa ¢pusmnuka ocobmHa Heomnxop-
Ha [la ce TO MOCTUrHE jecTe Mana pacTBopsbuBocT. MehyTum,
Tepanujcku edekat cunepa Ha 6a3u Kanuujym-xmapokcraa 3a-
BUCW Off JOHN30BAHOCTI OBOT jefjutbetba, WTO 3HaYM Aa mate-
pwvijan Mopa 61TK 6ap feNMMUYHO PAaCcTBOP/bUB.

v papa Liums nctpaxnarba 610 je fa ce ynopean npome-
Ha Mace nactu Acroseal n Apexit, KaO KOHBEHLIMOHANHUX CUfe-
pa Ha 6a3u Kanumjym-xuapoKkcuaa, n nacte AH Plus, kao cunepa
KOji Ce cacToju O enoKcr-aMUH CMone, Y XeHKOBOM pacTBOpY
npv pasnnynUTUM BpEMEHMMA 13Nlarakba.

MeToge papa CraHgapn30BaHM y30pLM CBaKor MaTepujana
MepeHN Cy 1 moTanaHu y XeHKOB pacTBOP Ha jefaH car, 24 ca-
Ta, 96 catwn, 14 paHa n 28 gaHa. MNocne oBMX BPEMEHCKUX WH-
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TepBana y3opuu cy n3BaheHn 13 pactBopa, CyLeHU 1 MOHOBO
MepeHU. Pa3nuke namehy cpefrbrx BpegHOCTU NPOMEHe Mace
cunepa CTaTUCTUYKM Cy aHanm3npaHe NPMMEHOM jeJHoCMep-
Hor ANOVA TecTa.

Pesynrtartu Hajseha pa3nvka y Mmacu youeHa je ko nacte Ape-
xit (1,52%), Koja je 6rna CTaTUCTMYKIM 3HauajHO Beha Hero Kog,
nactm Acroseal (0,93%; p<0,05) u AH Plus (0,45%; p<0,05). Cra-
TUCTUYKYM 3HauajHe pa3nuke nsmehy cunepa Acroseal n AH Plus
Huje 61no, n3y3eBs 3a neprog of 96 catu.

3aksbyyak Halue nctpaxuiBatbe je nokasasno aa ce Acroseal no-
Halla cnnyHuje cunepy 6as3npaHoM Ha enoKcr-amuH cmonm (AH
Plus), Hero macTv Ha 6a3u Kanuujym-xuapokcuga (Apexit).

KrmbyuHe peuun: nacTe 3a Nykete KaHana KopeHa; pacTBop-
muBocT; Acroseal; Apexit; AH Plus
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