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Thisinvitro study evaluated, using abacterial |eakage model, whether intracanal medication with calcium hydroxide [ Ca(OH),]-based
pastes prepared with different vehicles, hasinhibitory effect on corono-apical |eakage of bacteria. Forty instrumented human canines
were dressed with Ca(OH), p.a. associated with: G1= distilled water; G2= polyethylene glycol (PG); G3= PG + CMCP; and G4=
glycerin. Five teeth with intact crowns served as negative controls and 5 instrumented teeth without temporary dressing served as
positive controls. All teeth were mounted in a 2-chamber apparatus and then exposed to human saliva for 63 days. Leakage was
recorded when turbidity was observed in the lower chamber. Fifty percent of the samples of G1 and G2, 10% of G3 and 80% of G4
were fully contaminated after 9 weeks. Statistically significant differences were observed with paired comparisons G3 and G4
(p=0.0069), with G3 achieving better seal against bacterial |eakage than G4.
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INTRODUCTION

Apical periodontitisis caused by intracanal bac-
teria and their byproducts in the root canal system.
Although chemomechanical preparation of infected root
canals has been shown to be effective in reducing the
root canal microbiota, viable microorganisms can be
often isolated in the posttreatment period (1). Such
residual microorganismsandtheir byproductsremaining
in the apical portion of the root canal or in the dentinal
tubules may be a cause of endodontic failure (2).
Another important reason for the clinical failure of
endodontic therapy is coronal leakage (3). Inadequate
corona fill or microleakage around temporary filling
may result in root canal contamination. In some cases,
the placement of intracanal dressings is necessary to
enhance the bactericidal effect and also to create a
physical barrier that may both prevent canal reinfection

and marginal leakage, and interrupt the nutrient supply
to the remaining bacteria (4). However, whether
i nterappointment temporary filling materialsprovidean
adequatesedl of theroot canal systemfrom contamination
between sessions may still be questionable (3).

Calcium hydroxide [Ca(OH),] has been largely
used asan intracanal dressing, mostly dueto itsantimi-
crobial activity against most endodontic pathogens (5).
The antimicrobia effects of calcium hydroxide relate
directly toitshigh pH (12.5), it has adestructive effect
on cell membranes and protein structures. The action of
calcium hydroxide is dependent on its dissociation and
the release of hydroxyl ions (OH-), which will diffuse
into surrounding tissues (6).

Different vehicleshave been addedto Ca(OH),in
an attempt to improve its antimicrobial activity,
biocompatibility, speed of ionic dissociation and
diffusion. There are avariety of vehicles, which can be
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aqueous, viscous or oily, that may be used to make
calcium hydroxide pastes (5).

The purpose of this study was to evaluate the
ability of intracanal dressings in preventing
interappointment coronal leakage of canals medicated
with Ca(OH),-based pastes associated with different
vehicles, usingapolymicrobia leakagemodel for leakage
assessment.

MATERIAL AND METHODS
Sample Selection and Preparation

This study was reviewed and approved by the
Research Ethics Committee of theNucleusof Collective
Health Studies, StateUniversity of Riode Janeiro, Brazil.

Fifty human maxillary canines were selected
from the tooth bank of the State University of Rio de
Janeiro and autoclaved. Forty-five teeth were prepared
asfollows. Standardized clinical coronal accesseswere
made and all root canal orifices were located. The
patency of each canal was confirmed by inserting asize
10-K file(Dentsply/Maillefer InstrumentsSA, Ballaigues,
Switzerland) through the apical foramen (AF) and the
working length was established by deducting 1 mm
fromtheroot canal length. Root canalswererinsed with
freshly prepared 5.25% sodium hypochlorite (NaOCl).
All teeth were instrumented using GT rotary files
(Dentsply/Maillefer Instruments SA) using crown-down
technique beginning with flaring files70.12, 50 .12, 35
.12 followed by size 20 files, taper .12, .10, .08 and .06
for cervical and middle third preparation. The apical
portion of theroot canal wasinstrumented with sizes 20
and 25 files, taper .04. The GT rotary instruments were
used with a torque-controlled motor, TC Motor 3000
(Nouvag, Goldach, Switzerland) at arotational speed of
300 rpm and the torque setting at 1.2 Ncm.

Theroot canals wereirrigated between each file
with 2 mL of freshly prepared 5.25% NaOCI. After
preparation, the root canal was irrigated with 17%
EDTA (Odacham; Herpo Produtos Dentarios LTDA,
Rio de Janeiro, RJ, Brazil) for 5min and 5.25% NaOCl
to remove the smear layer, followed by afinal flush of
distilled water. All teeth were washed in running water
during 24 h, for total remova of NaOCI. The canals
were dried with paper points (Dentsply/Maillefer) be-
fore application of intracanal dressings.

Thereafter, 40 of the 45 instrumented teeth were
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randomly assigned to 4 groups of 10 teeth each.
Temporary dressings with Ca(OH), p.a. mixed with 4
different vehicles were used, asfollows: G1= Ca(OH),
p.a. (Probem, Laboratério de Produtos Farmacéuticos
e Odontoldgicos Ltda, Catanduva, SP, Brazil) with
distilled water; G2= Ca(OH), with polyethylene glycol
(PG) (Cden™ - S.S. White Artigos DentériosLtda, Rio
de Janeiro, RJ, Brazil); G3= Ca(OH), with PG and
camphorated paramonochlorophenol (CMCP) (Calen
PMCC™- S.S. White Artigos Dentérios Ltda); G4=
Ca(OH), p.a. (Probem) with glycerin. Calen™ has the
following composition: Ca(OH), (49.77 g%), zincoxide,
hydrogenised colophony and PG 400, and CdenPMCC™
has the addition of paramonochlorophenol (0.72 g%)
and camphor (2.16 g%).

In G1 and G4, the intracanal dressings were
placedwithasize35 Lentullospiral (Dentsply/Maillefer)
whilein G2 and G3theintracanal dressingswereplaced
withanendodontic syringe(S.S. WhiteArtigosDentérios
Ltda) as recommended by the manufacturer. A small
cotton pellet was placed at the canal orifices(6). During
al procedures throughout the experiment, the teeth
were kept moist and no corona temporary seal was
used.

Five teeth with intact crowns served as negative
controlsand 5teeth (fromtheinitial 45 specimens) with
instrumented canals with no temporary dressing and
opened access cavities served as positive controls.

Polymicrobial Leakage

The leakage test was conducted based on atwo-
chamber model described by Siqueiraet a. (8). Briefly,
10 mL glass assay tubes (BD Vacutainer™, Juiz de
Fora, MG, Brazil) withfitted rubber stopperswere used
inthisexperiment. A hole was made through the center
of each rubber stopper with a heated instrument and
insulin syringes (BD Plastipak®; Becton Dickinson Ind.
Cirar. Ltda, Curitiba, PR, Brazil) wereinserted in these
orifices. The tooth crown was inserted under pressure
within a rubber hose, which was fixed to the
cementoenamel junction. The other side of the rubber
hosewasadapted totheinsulin syringesorificesserving
as the upper chamber, being the saliva reservoir. The
rubber stopper was then placed in position with the
toothinsidetheglasstube, containing sterileBrain Heart
Infusion broth (BHI, Oxoid LTD., Wade Road,
Basingstoke, Hanks, UK) (Fig. 1).
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Two coats of nail varnish were applied on the
external surface of all teeth, except 2 mm around the
apical foramen, in order to prevent bacterial leakage
through lateral canas or other discontinuities in the
cementum. The intersection between syringe/rubber
stop, syringe/rubber hose and root/rubber hose were
sealed with cyanoacrylate adhesive (L octite 496, Henkel
Ltda, S8o Paulo, SP, Brazil). The external limit of the
apparatus was sealed with cyanoacrylate adhesive and
Parafilm M (Laboratory Film, American National Can,
Chicago Illinois, USA) (Fig. 1). The testing apparatus
wasdgterilized overnight using ethyleneoxidegas(BIOX X
Sterilization Services Ltd., Rio de Janeiro, RJ, Brazil)
and the set up was made in a laminar airflow hood
(Bioprotector Plus 09, Veco, Campinas, SP, Brazil).

The whole apparatus was incubated at 37°C for
4 days to ensure sterilization. Afterwards, the upper
chambers were filled with human saliva mixed in BHI
broth in a 1:1 (v/v) ratio and replenished every 3 days.
The salivawas collected from only one volunteer, who
did not brushtheteeth for at least 12 h before collection.
Chewing a 1-g piece of Parafilm (American National

Insulin syringe

Sealing with parafilm “M”

Glass tube
Solution 1: 1 saliva + BHI
Sealing syringe / ruber / tooth
with cyanoacrylate
Rubber hose
Tooth

\v__/

u BHI

Figurel. Thedual-chamber leakagemodel designusedinthisstudy.
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Can, Menasha, WI, USA) wasused to stimulatesalivary
flow (9). The system was incubated at 37°C and
checked daily for the appearanceof turbidity inthe BHI
broth during thefollowing 9 weeks. Dataobtained were
statistically analyzed for number of infiltrated samples
through time of exposure to the bacterial source.

Statistical Analysis

Kaplan-Meier method was used to estimate sur-
vival curves for each experimental group. The “ death”
of aspecimen was noted at the time in which bacterial
leakage first became evident. The long-rank test was
used to compare survival curves of the 4 groups. The
Friedman’s and Wilcoxon tests were used to compare
the presence/absence of turbidity among all groupsand
of each pair of groups. Significancelevel wasset at 5%.

RESULTS

No growth was observed when checking the
sterilization of the whole apparatus. All specimens of
the positive control group showed broth turbidity within
3 days of incubation. No leakage was observed in the
negative controls during the 9-week experiment. Leak-
age in experimental samples was first observed at the
third day and displayed |eakagewithinarangeof 3t0 39
days. After the 39th day of experiment, no specimen
presented | eakage until theend of theexperiment at 63rd
day (9 weeks). The number of leaking specimens per
group and the leakage range can be seenin Table 1 and
Figure 2.

No significant difference was observed when all

Table 1. Pattern of bacterial |eakage per group after 63 days of
evaluation.

Groups Samples Leskage No  Range
(n) Leskage (days)
Ca(OH),+DW (G1) 10 5 5 3-33
Ca(OH),+PG (G2) 10 5 5 3-18
Ca(OH),+PG+CMCP (G3) 10 1 9 6
Ca(OH),+glycerin (G4) 10 8 2 3-39
Positive control 5 5 0 3
Negative control 5 0 5 0

DW= distilled water; PG = polyethylene glycol; CMCP =
camphorated paramonochlorophenol.

28/9/2008, 13:38



‘ 1124.pmd

Bacterial leakage of calcium hydroxide 235

groups were compared (p=0.08). However, the
Friedman's test showed significant differences with
paired compari sonsamong thegroupswhen the absence/
presence of turbidity was compared (p=0.017) and the
Wilcoxon test indicated difference between G3 and G4,
with G3 achieving better seal against bacterial leakage
than G4 (Fig. 3).

DISCUSSION

Intracanal medication may be used during endo-
dontic treatment to support chemo-mechanical debride-

ment for several reasons (10). In cases of apexification,
persistent exudate, or evenin caseswherethereisalack
of time to conclude the endodontic treatment, an
intracanal dressing may prevent the penetration of
bacteriafrom salivaintheroot canal . Thesemedications
can either act as achemical barrier by killing microor-
ganisms that remain in the root canal, thus preventing
their ingress to the root canal or as a physical barrier
against bacteria penetration (4,10).

The present study was designed to compare the
ability of intracanal medications in prevent bacterial
leakage. The present results demonstrate that at the end
of 9weeks, G3 (Ca(OH),/CMCP; Calen PMCC™) had

the smallest leakage, however it
was only statiscally different

ol from G4, inwhich Ca(OH),was

mixed with glycerin. Siqueiraet

a. (11) have reported that the

chemomechanical preparation

with 2.5% NaOCI and further 7-
day interappointment dressing

Weeks Turbitidy
@

ES

with a Ca(OH),/CPMC paste

significantly increased the

number of culture-negative

cases.

The superior in vitro
antimicrobial activity of the

Ca(OH),+DW Ca(OH),+PG
(G1) (G2) (G3)

Figure 2. Presence and absence of turbidity per week in the experimental groups.

Ca(OH),+PG+CMCP

Ca(OH),+G

s combination of Ca(OH), with

CMCPhaslong been recognized.
Roach et a. (4) reported that
Ca(OH), and Ca(OH),
associated with CM CPinhibited
Enterococcus faecalis longer
than the Ca(OH), points and

chlorhexidine. Gomes et al. (5)

Ca(OH).+DW (G1)
—=— Ca(OH),+PG (G2)
- -4 - Ca(OH),+PG+CMCP (G3)
3 3 s Ca(OH),+G (G4)

reported that Ca(OH), with
CMCP had the strongest

Number of infiltrated samples

ol e n

Accumulated survival in 9 weeks

Figure 3. Pattern of leakage in the experimental groups.
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antimicrobial activity whereas
Ca(OH), associated with both
sterile water and PG had the
weakest. Sukawat and Srisuwan
(12) demonstrated that Ca(OH),
mixed with CM CPwasthemost
effective intracanal medication
against E. faecalis (12).
However, Siqueira et al. (13),
using a polymicrobial leakage
model, demonstrated that

wk 8 wk 9
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Ca(OH), in association with saline solution had equal
ability to prevent the recontamination of the system
when compared to Ca(OH),/CM CP. Theauthorsreported
that thisprobably occurred because salivacan diluteand
neutralize the antibacterial effects of CMCP released
from the calcium hydroxide paste, what does not
corroborated with the present study results.

The use of CMCP is based on the antiseptical
propertiesof phenol and chlorideion. Inspiteof itsgreat
antibacterial activity, many authorshave suggested that
CMCPshould haveitsclinical uselimited duetoitstoxic
effects on periapical tissues (14). However, it has been
found that periapical tissues had good response to
calcium hydroxide paste mixed with CMCP (15). The
combination of CM CP with other substances has been
proposed to increase its antimicrobia activity and re-
duce its toxicity. The calcium hydroxide paste mixed
with CMCP associated with PG has larger calcium ion
liberation and higher pH means when compared to
detergent, saline solution, PG associated with furacyn
paramonochlorophenol according to Camargo et al.
(16). Zehnder et a. (17) also demonstrated the high
capacity of calcium hydroxide to prevent microbial
leakage when compared to bioactive glass S53P4.

Indisagreement with the present results, Sevimay
et a. (18) reported that the application of Ca(OH),asa
temporary dressing material had no effect on coronal
leakage. These results might be attributed to method-
ological differences. The authors evaluated the |eakage
by observing linear dye penetration of 61 teeth previ-
ously immersed in India Ink for 7 days. Despite its
popularity, ease of use and large number of reports, dye
leakage has several negative aspects that allow a high
variety of results from similar experiments (19). The
penetration of the dye can be stopped by entrapped air
or the dye can loose its color when it isin contact with
somefilling materials or strong acidic solutions used to
decalcify the tooth and it gives no information of the
volumeof fluidleaking along theroot fillings(19). Also,
dyescan giveafalsepositiveresult dueto the molecular
size of dye particleswhich arelessthan that of bacteria,
and can penetrate where bacteria cannot (8). According
to Siqueira et a. (20), the dye leakage experimental
model is subjective, less comparative and with a low
reproducibility. Also, a previous study (10) found no
correlation between bacterial and dye leakage.

Bacterial leakage studies allow the eval uation of
the samples at specific periods of time and preservethe
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sample. Nevertheless, it is a static model that does not
simulates perfectly the clinical conditions and needs
long time of observation (13,20). Many leakage studies
using bacterial cultures or human saliva have been
widely used to test the sealing ability of endodontic
filling materials because it might be more meaningful
and provide more precise and reproducible data (19).
This method is advantageous because it closely
approximatestothereal clinical situation simulatingthe
relation between the tooth and the oral flora. However,
it is not possible to directly correlate the amount of
leakagetotheclinical outcomesof endodontictreatments.

Within these limitations of the present study, it
may be concluded that the groupinwhich Ca(OH), was
mixed with PG and CM CP achieved abetter seal against
bacterial leakagethan thegroupinwhich Ca(OH), was
mixed with gycerin. Although G3 presented fewer
specimens with leakage, this difference was not
statistically different from G1 and G2.

RESUMO

Este estudo in vitro avaliou, por um modelo de infiltracio
bacteriano, se a medicagéo intracanal com hidréxido de célcio
associado adiferentesveicul os, tem efeitoinibitdrio napenetracdo
coronariadebactéria. Quarentacaninoshumanosinstrumentados
foram medicados com Ca(OH), p.a. associados a G1= &gua
destilada; G2= polietilenoglicol (PG); G3= polietilenoglicol e
paramonoclorofenol canforado (PMCP); e G4= glicerina. Cinco
dentes higidos foram utilizados como grupo controle negativo e
cinco dentes i nstrumentados sem medicagdo intracanal serviram
como grupo controle positivo. Todos os dentes foram montados
em um aparato de duas camaras e expostos a saliva humana por
63 dias. A infiltracdo foi verificada através da observagdo do
turvamento do meio de culturanacémarainferior. Cinguientapor
cento das amostras do G1 e G2, 10% do G3 e 80% do G4 foram
totalmente contaminadas ap6s 9 semanas. Diferencas
estatisticamente significantes foram observadas quando foram
realizadas comparagtes pareadasentre G3 e G4 (p=0,0069), com
G3al cangando um mel hor selamento contrainfiltragdo bacteriana
do que G4.
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