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ABSTRACT
Objective: This study evaluated the morphological
alterations, through scanning electronic microscopy

(SEM), which occur in the gutta-percha points exposed
to periods longer than those recommended. Material
and method: 2% chlorhexidine (CLX), 2.5% sodium
hypochlorite (NaOCL), 2% peracetic acid (PA) and 0.25%
peracetic acid solution (PAS) were the solutions used
for the following periods: 1 min, 30 min, 6 h and 12 h.
The groups were divided according to the solution and
disinfection period (n=12). Results: The results indicated
that there was statistically significant differences among
the solutions and period tested. At 1 min, all solutions
did not differ from the control group. After 30 min, PAS
significantly altered the morphology of the points. The
energy dispersive spectrometry (EDS) test indicated that all
substances and periods altered the chemical composition of
the gutta-percha points. At 12 h, the effect of disinfection
on the obturation leakage was also evaluated Accordingly,
PAS showed statistically significant differences in relation
to control group, because 100% of the roots exhibited
leakage. The other groups (CLX, NaOCL and PA),
although without statistical differences, showed 9, 8 and
8 out of 12 roots with leakage, respectively. Conclusion:
It can be concluded that the disinfection process can cause
morphological alterations whether the immersion period
was exceeded. Also, these solutions can influence on the
obturation sealing.
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REesumo

Objetivo: Essa pesquisa avaliou as alteragdes morfologicas,
em microscopia eletronica de varredura (MEV), que ocorrem
na superficie dos cones de guta-percha em periodos excedidos
aos preconizados. Material e método: Clorexidina 2% (CLX),
hipoclorito de sodio 2,5% (NaOCL), acido peracético 2%
(AP) e solugdo de acido peracético 0,25% (SAP) foram as so-
lugdes utilizadas nos periodos de 1 min, 30 min, 6 h e 12 h.
Os grupos foram divididos de acordo com a solugdo e periodo
de desinfecgdo (n=12). Resultados: Os resultados indicaram
que houve diferenca estatistica significante entre as solugdes e
periodos testados. Em 1 min, todas as solugdes ndo diferiram
do controle. Apos 30 min, a SAP alterou significativamente
a morfologia dos cones. O teste de espectrometria de energia
dispersiva (EDS) indicou que todas as substancias ¢ periodos
alteram a composigdo quimica dos cones de guta-percha. A re-
la¢do da desinfecgdo na microinfiltragdo da obturagdo também
foi avaliada nos grupos que sofreram desinfec¢@o por 12 h. O
grupo da SAP apresentou diferenca estatistica significante em
relagdo ao controle, pois 100% das suas raizes apresentaram
infiltragdo. Os demais grupos da CLX, NaOCL ¢ AP, embora
sem diferenca estatistica significante, tiveram respectivamente
9, 8 ¢ 8 do total de 12 das suas raizes com infiltra¢do. Con-
clusdo: Conclui-se que o processo de desinfec¢do pode causar
alteragoes morfologicas se o periodo de imersio for excedido
e que, além de alterarem a composi¢do quimica dos cones de
guta-percha, estas solugdes podem influenciar no selamento da
obturacao.

PALAVRAS-CHAVE

Acido peracético; Clorexidina; Guta-percha; Hipoclorito de
sodio; Infiltragdo dentaria.
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INTRODUCTION

One of the goals of the endodontic obturation is to
fill the root canals with materials, hermetically sealing
the root canals system [1]. Currently, the materials
meeting the requirement for a satisfactory obturation
of root canals are the endodontic cements and gutta-
percha points.

Gutta-percha shows favorable properties because
of'its easy handling; low cost; good biocompatibility,
radiopacity and plasticity; reasonable dimensional
stability; with easy removal in the presence of
organic solvents; not causing the staining of the
tooth structure, and being insoluble to the organic
fluids [2].

Although gutta-percha points are produced under
aseptic conditions and show great antimicrobial
potential because of zinc oxide incorporation [3-
5], some studies identified commercially available
gutta-percha points contaminated either by the
manufacturing process or by warehousing and
storage [5-7]. Also, they may be contaminated by
either aerosols or handling during its use because
there are several points in a same box. Therefore,
even if the package is sealed, the points are not
suitable for immediate use, and should undergo a
chemical disinfection process because gutta-percha
is a thermolabile material and it cannot be sterilized
through heat [7-12].

Several solutions can be used for the disinfection
of gutta-percha points prior to root canal system
obturation, among them, sodium hypochlorite,
chlorhexidine, iodinated alcohol and peracetic acid
[7,13]. However, morphological alterations may be
observed on gutta-percha points when these are kept
immersed into these solutions for longer periods [13-
15]. These alterations on gutta-percha points after
disinfection may compromise the standardization of
the points, making difficult their adaptation to root
canal walls [13,14,16-19].

Based on this aforementioned information, this
study employed 2.5% sodium hypochlorite, 2%
chlorhexidine, in situ 2% peracetic acid, and a solution
containing 0.25% peracetic acid as disinfecting agents
of gutta-percha points, aiming to evaluate: (1) the
effect that these disinfecting solutions may provoke
on the surface of gutta-percha points, after exposure
to periods longer than 1 min, (2) which alterations
occur in their chemical composition after disinfection
and (3) the influence of the morphological alterations
of the gutta-percha points on the sealing of the
obturation through leakage assessment.
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MAaTeERIAL AND METHOD

This research was submitted and approved by the
Ethical Committee in Research on Human Beings
of the School of Dentistry of Sao José¢ dos Campos,
under protocol n. 018/2010-PH/CEP.

Morphological analysis in SEM

Two hundred and four size 30 taper 04 gutta-
percha points (Dentsply/Maillefer, Petrépolis, RJ,
Brazil), were divided into 17 groups (n=12). Group
GO comprised the negative control, where the points
were used without any disinfection treatment. Groups
G1, G2, G3 and G4 were the positive controls, where
the disinfection period was of 1 min. Groups from
G5 to G16 the points were divided according to the
disinfecting solution and periods employed (Table 1).

The following disinfecting solutions were used: 2%
chlorhexidine solution (CLX) (manipulated in Manipulation
Pharmacy - Naturaville, Barueri, SP, Brazil); in situ 2%
peracetic acid (PA) (Sekusept Aktiv®, Henkel-Ecolab,
Germany); 0.25% peracetic acid solution with hydrogen
peroxide and stabilizer vehicle (PAS) (Proxitane Alfa®,
Semmper Representacdes, Sao Paulo, SP, Brazil); 2.5%
sodium hypochlorite (NaOCL) (Terapéutica Farmacia de
Manipulagao, Sao José dos Campos, SP, Brazil).

The disinfection periods were the same for all
solutions: 1 min, 30 min, 6 h and 12 h.

TaBLE 1 — GROUP DIVISION

Groups Solution Disinfection

Period
GO0 (n=12) Without disinfection
G1(n=12) 2% chlorhexidine 1 min
G2 (n=12) 2% peracetic acid 1 min
G3 (n=12) 0.25% peracetic acid solution 1 min
G4 (n=12) 2.5% sodium hypochlorite 1 min
G5 (n=12) 2% chlorhexidine 30 min
G6 (n=12) 2% chlorhexidine 6 h
G7 (n=12) 2% chlorhexidine 12h
G8 (n=12) 2% peracetic acid 30 min
G9 (n=12) 2% peracetic acid 6h
G10 (n=12) 2% peracetic acid 12h
G11 (n=12) 0.25% peracetic acid solution 30 min
G12 (n=12) 0.25% peracetic acid solution 6h
G13 (n=12) 0.25% peracetic acid solution 12h
G14 (n=12) 2.5% sodium hypochlorite 30 min
G15 (n=12) 2.5% sodium hypochlorite 6 h
G16 (n=12) 2.5% sodium hypochlorite 12h
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The tips of the gutta-percha points undergone
disinfection were sectioned at 4 mm short of the apex,
comprising the thinnest extremity of the root, to be
submitted to the superficial morphological analysis
on Scanning Electronic Microscopy (SEM) (Scanning
microscope - JSM - 840? Jeol, Tokyo, Japan), at x500
magnification.

The images obtained were analyzed visually
by a single calibrated examiner. The alterations on
the surface of the points were ordered to define the
alteration pattern through scores, where 0 (zero)
corresponded to the natural roughness of the gutta-
percha points because of manufacturing process,
while 1, 2 and 3 respectively corresponded to little,
very and completely altered.

Chemical analysis in EDS

At this stage, the chemical analysis of the gutta-
percha points of groups GO, G3, G7, G10, G13 and
G16 through EDS ( Energy Dispersive Spectrometry),
conducted at the National Institute for Space Research
(INPE -, Sao Jos¢ dos Campos — SP, Brazil). These
groups were selected because they exhibited the
greatest morphological alterations. Thus, the other
groups would probably exhibit intermediary data. The
EDS assessments quantified the following chemical
elements: C (carbon), O (oxygen), Al (aluminum), S
(sulfur), P ( phosphorus), Zn (zinc), Ba ( barium), Si
(silicon), Na (sodium) and CI ( chlorine).

Leakage analysis

The same groups of the last stage were analyzed at
this phase. For SEM analysis, gutta-percha points were
metalized with thin gold layer, making impossible
their posterior use. Then, new points undergone the
same disinfection process of the last stage and the
obturation was performed in single-rooted teeth after
biomechanical preparation together with AH Plus
endodontic sealer.

Tooth crowns were removed to standardize the
roots at 14 mm. Apical stop was determined at | mm
short of the apex with the aid of a size 30 Kerr file
through progressive enlargement technique up to size
45 Kerr file. At every instrument change, irrigation
was performed with 5 ml of 1% sodium hypochlorite
(NaOCl). At the ending of the instrumentation, the
canals were filled with EDTA solution for 3 min to
remove the smear layer, followed by a new irrigation
with 5 ml of 1 % NaOCI to remove EDTA and final
irrigation with 10 ml of saline solution.
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After the biomechanical preparation, a size 30
taper 04 main gutta-percha point (Dentsply/Maillefer,
Petropolis, RJ, Brazil) was selected and locked at 1
mm short of the apical foramen. The auxiliary points
were also immersed into the disinfecting solutions for
periods similar to those of the main points, according
to their group. Next, the roots were filled with AH Plus
sealer (Dentsply/Maillefer, Petrépolis, RJ, Brazil)
through single cone and passive lateral condensation
techniques.

After obturation, the roots were externally
waterproofed (except from 2 mm short of the apex)
by using two layers of red nail polish and one layer
of sticky wax. After that, the roots were immersed
into Indian ink to perform the microleakage test.
Following, the roots were diaphanized through 5%
hydrochloric acid, increasing alcohol solutions and
clarification with methyl salicylate. The roots were
photographed in stereomicroscope coupled to a digital
camera and the measurements of apical microleakage
executed through Adobe Illustrator CS4 software
(Adobe Corporation), which allowed to obtain the
measurements in millimeters, according to a line
manually traced on the image formed by the ink from
the root apex towards the most coronal part of the
Indian ink leakage.

REsuLTs

Superficial morphological alterations on gutta-
percha points

The superficial morphological alterations were
assessed according to the following scores: 0 -
surface with standard alteration; 1 - surface with little
alterations; 2 - surface with many alterations and 3 -
surface completely deformed. Only PAS exhibited the
greatest scores. At all periods, NaOCl, PA and CLX
solutions presented scores between 0 and 1 (Figure 1).

Comparison among solutions

Scores

Disinfection periods

——2.5% Sodium Hypochlorite  —#=0.25% Peracetic Acid Solution 2% Peracetic Acid  ==2% Chlorhexidine

Figure 1 - Comparison among the solutions according to the
disinfection time.
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Statistical analysis of the groups

All tests were executed through statistix 8.0
software. When Kruskal-Wallis test was applied,
there were statistical significant differences among
all groups tested (p=0.00001 < 0.05). Thus, Dunn
test (5%) was applied and homogenous groups were
obtained (Table 2). The critical value of comparison
was 85.853.

TaABLE 2 — HOMOGENOUS GROUPS

Groups Period | Median | Homogenous
groups
0.25% peracetic acid 12h 191.00 A
solution (G13)
0.25% peracetic acid 30 min 180.83 AB
solution (G11)
0.25% peracetic acid 6h 175.29 ABC
solution (G12)
0.25% peracetic acid 1 min 108.67 ABCD
solution (G3)
2% chlorhexidine (G7) 12h 103.63 BCD
2.5% sodium hypochlorite | 1 min 100.67 BCD
(G4)
2.5% sodium hypochlorite 12h 96.66 BCD
(G16)
2% chlorhexidine (G6) 6 h 96.66 BCD
2% peracetic acid (G10) 12h 89.70 CD
2.5% sodium hypochlorite | 30 min 89.70 CD
(G14)
2% chlorhexidine (G5) 30 min 89.70 CD
2.5% sodium hypochlorite 6h 82.75 D
(G15)
2% peracetic acid (G8) 30 min 82.75 D
2% peracetic acid (G9) 6h 82.75 D
2% chlorhexidine (G1) 1 min 75.79 D
2% peracetic acid (G2) 1 min 54.91 D
Without disinfection (G0) | ------- 41.00 D

Comparison of the chemical analysis among
GO0, G3, G7, G10, G13 and G16

Zinc and Oxygen, respectively, were the elements
at higher percentage found in groups GO, G10 and
G16. On the other hand, in groups G7 and G13,
Oxygen was predominantly present in the gutta-
percha points, followed by Zinc. In G3 there was a
chemical decharacterization of the gutta-percha pointe
with predominance of oxygen, sulfur, and barium at
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decreasing order of concentration. There was a great
variety at the concentrations of the chemical elements,
regardless of the solution and time period employed
(Figure 2).

Analysis of the marginal sealing of the canals
filled with AH Plus through leakage and
diaphanization process of the roots

There were statistically significant differences
among groups because p<0.05 (p=0.0014). According
to Dunn test at 5%, the groups G3, G7 and G16 did not
differ from groups G0, G10 and G13. Groups GO and
G10 (roots filled with points disinfected for 12 h with
2% peracetic acid) exhibited statistically significant
difference in relation to G13 (0.25% peracetic acid
solution for 12 h). The descriptive statistics of the
leakage values and the division of the homogenous
groups are seen in Tables 3 and 4.

TaBLe 3 - DESCRIPTIVE STATISTICS OF THE
MICROLEAKAGE VALUES (MM) IN THE GROUPS
EVALUATED

Groups | N [Mean| SD | C.V.(%) | Min | Q1 | Median| Q3 Max

GO |12] 2.30 | 6.24 | 271.78 |0.00| 0.00 | 0.00 | 0.00 | 21.27

G3 |12] 1.90 | 3.83 | 201.93 |0.00|0.00 | 0.00 | 3.32 | 13.07

G7 12| 7.03 | 7.31 | 103.97 |0.00|0.87 | 4.50 | 9.67 | 21.55

G10 |12| 7.80 | 7.93 | 101.60 | 0.00 | 0.00 | 6.76 |15.36 | 20.85

G13 |12|13.36| 9.07 | 67.91 |0.84 |4.44| 15.90 |20.33 | 28.41

G16 |12]13.29|18.02 | 135.67 | 0.00 | 0.00 | 3.38 |30.72 | 53.02

GO- without disinfection; G3- 0.25% peracetic acid solutions,
1 min; G7- 2% chlorhexidine, 12 h; G10- 2% peracetic acid,
12 h; G13- 0.25% peracetic acid solution, 12 h; G16- 2.5%
sodium hypochlorite, 12 h.

TaBLE 4 — HOMOGENOUS GROUPS OF LEAKAGE

INFILTRATION.
Group Homogenous Groups
GO B
G3 AB
G7 AB
G10 B
G13 A
G16 AB

GO- without disinfection; G3- 0.25% peracetic acid solutions,
1 min; G7- 2% chlorhexidine, 12 h; G10- 2% peracetic acid,
12 h; G13- 0.25% peracetic acid solution, 12 h; G16- 2.5%
sodium hypochlorite, 12 h.
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According to Figure 3, all groups had at least
two roots with ink leakage. The group exhibiting
the least leakage was GO; followed by the groups
G3, G10, G16 and G7. On the other hand, G13
showed leakage in all the roots filled with
gutta-percha points submitted to disinfection
with 0.25% peracetic acid solution for 12 h, but
without statistically significant differences among
groups G7, G10 and G16 (respectively filled with
gutta-percha points disinfected for 12 h with 2%
chlorhexidine, 2% peracetic acid and 2.5% sodium
hypochlorite); however there were statistically
significant differences in relation to control group.

SEM images also identified microporosities at
x200 magnification (Figure 4 A). On the surface
of the points submitted 2.5% NaOCI, chloride
crystals were observed. On the other hand, on the
points disinfected with 0.25% peracetic solution,
apparently there was the lysis of the chemical
components (Figure 4 B).
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Figure 2 - Comparative graph of the percentages of the
chemical elements of groups GO, G3, G7, G10, G13 and
G16.
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Figure 3 - Graph of the number of roots showing
microleakage per group.
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Figure 4 - A) Gutta-percha point at x2000 magnification
in SEM evidencing microporosities; B) Image of a gutta-
percha point evidencing the lysis of components.

DiscussioN

This present study evaluated the morphological
and chemical alterations because of the disinfection
with sodium hypochlorite, chlorhexidine and peracetic
acid solutions at different time periods as well as the
influence of these alterations on the sealing of the
obturation of the root canal system. The results of this
present study showed that the surface of the points,
when analyzed through SEM, did not undergo severe
morphological alterations at x500 magnification for
sodium hypochlorite, peracetic acid and chlorhexidine
at different time periods. Notwithstanding, the gutta-
percha points submitted to disinfection with peracetic
acid exhibited severe morphological alterations on
their surface, which were increased as the immersion
time went by.

These results are in agreement with those of a
study conducted by Lopes et al. [20] who evaluated
through SEM the surface of gutta-percha points after
disinfection for 30 min with 2% chlorhexidine and 5%
sodium hypochlorite, concluding that the surface of
gutta-percha points did not undergo severe alterations
when analyzed at x 150 to x300 magnification;
however, at x3000 magnification, microporosities
were present. Although this was not the aim of the
study, at x2000 magnification, microporosities
were also observed on gutta-percha points. One of
the suggestive reasons for these alterations is the
oxidative power of these solutions by breaking the
polymer chains causing structural deformities on a
range of materials [21-23].

According to this present study, EDS test exhibited
quantitative changes in the chemical elements of
the points, when compared with the points without
disinfection of the control group. EDS revealed that
the disinfection with 2.5% sodium hypochlorite the
oxygen amount increases in approximately 50%,

Braz Dent Sci 2012 jul./set.; 15 (3)



ROSA PCF et al.

MORPHOLOGICAL ANALYSIS OF GUTTA-PERCHA POINTS SUBJECTED TO DIFFERENT TREATMENTS AND THE INFLUENCE ON OBTURATION SEALING

proving the great oxidative potential of the solution
[23]. In addition to this element, chloride and sodium,
which had not been detected in the control group, was
detected at all periods, justifying the presence and
permanence of chloride crystals [18].

Short et al. [18] and Moller and Orstavik [24], in
EDS analysis, found that the chemical elements most
present in gutta-percha points are zinc and barium;
unlikely to this present study where zinc (84,39%) and
oxygen (6,73%) appeared at higher amounts. Barium
is present at a concentration of 3.86% and probably is
included to provide radiopacity to gutta-percha points
[24]. If the gutta-percha points are composed at their
greatest part of zinc oxide (59% to 79%), gutta-percha
(19% to 22%) and, at their smallest part of heavy
metal salts (1% to 17%) and wax or resin (1% to 4%)
[25], it is acceptable that zinc and oxygen is really at
higher concentrations.

Peracetic acid is a powerful biocide agent and
requires only one min for promoting the disinfection
of gutta-percha points [26]. The main advantages of
this chemical agent are the fact of remaining active in
the presence of organic matter and exhibiting acetic
acid and oxygen as decomposition products [27].
The results obtained in EDS test, where the points
underwent little oxygen (O) increase, can be justified
by the releasing of oxygen to the environment and
without penetrating into the gutta-percha points. SEM
images proved such fact.

On the other hand, gutta-percha points undergone
disinfection with 0.25% peracetic acid solution and
hydrogen peroxide had their surface altered from
1 min and this was proportional to the immersion
period. There was a great quantitative variation of the
chemical elements. The formulation of the peracetic
acid solution shows high bactericidal potential
because both chemical agents have such property
[26,28].

EDS analyses revealed that at the first min of
disinfection with peracetic acid solution, oxygen was
the chemical element most found in the gutta-percha
points (77.94%), and it had its amount expressively
increased when compared with control group
(6.73%). On the other hand Zinc (Zn) was completely
eliminated after one min. With the increasing of the
immersion time to 12 h, O was the predominant
element; however, at smaller amount (47.99%); Zn
increased to 23.68% in the composition of gutta-
percha points. The other chemical elements also had
their amounts altered, by mixing the organic and
inorganic portions of gutta-percha points.

According to Budavari [23], the free oxygen acts
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on gutta-percha which becomes frangible. Although
peracetic acid is at smaller concentration (0.25%) in
this solution, there was the presence of the oxygen
released not only because of the decomposition of
the peracetic acid, but also because of the action of
the hydrogen peroxide. Such data demonstrated the
powerful degenerative action of this solution and the
lysis of the components of the gutta-percha points,
initially on the superficial layer and posteriorly
reaching the deepest layers.

Himel et al. [25] recommended the washing with
alcohol of the points after the disinfection and prior
to the obturation to remove the crystals formed from
sodium hypochlorite. Some researches proved the
presence of solid particles on the surface of gutta-
percha points undergoing disinfection with sodium
hypochlorite and also affirmed that such crystals on
the surface of gutta-percha points may hinder the
obturation sealing [13,18,20].

The diaphanization was the method of choice to
analyze the apical sealing through Indian ink leakage
because it is a simple and low cost technique enabling
the tridimensional visualization of the roots [29]. It
was possible to evaluate that even with the presence
of endodontic cement, there were differences in the
leakage of the obturation between control and G13
groups (0.25% peracetic acid solution), the group
most damaged. A study conducted by Prado et al.
[30], concluded that gutta-percha points immersed
in sodium hypochlorite and chlorhexidine for 1 min,
increased the free energy surface of the gutta-percha
point, promoting a high interaction between it and
the endodontic cement. Therefore, these authors
suggested that the disinfecting solutions lead to
an increase in the surface wettability of the gutta-
percha thus interfering positively with the adhesion
mechanism. Also, they affirmed that this alteration
may occur because of the chemical modification on
the surface of these materials provoked by the action
of the disinfecting solutions.

However, although the morphological alterations
are not generally the main causes of a poor obturation,
the obturation with a gutta-percha point maladapted to
the apical stop in addition to morphological alteration
on its surface may facilitate apical microleakage
because of lack of sealing of root canal, therefore,
jeopardizing the obturation. Thus, it can be concluded
that at periods longer than 1 min, the disinfecting
solutions influence on apical sealing failure because
they promote irreversible alterations on gutta-percha
points, and therefore, the disinfection period should
not be extended beyond the minimum necessary.
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CONCLUSIONS

Based on the results of this study, it can be
concluded that:

1. The disinfecting solutions cause superficial
morphological alterations on the gutta-percha
points because of their oxidative power; also, these
alterations were proportional to the period for which
the points were immersed into the solutions;

2. The points underwent a chemical
decharacterization, with predominance of oxygen
after the disinfection and time periods tested;

3. The disinfection of the gutta-percha
points should be performed for the shortest period
recommended so that the morphological alterations
are minimum, once very altered gutta-percha points
would influence on the apical sealing and increase
microleakage.
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