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The purposes of this study were to eval uate the effectiveness of 2% chlorhexidine (CHX) gluconate gel, calcium hydroxide [Ca(OH),)
and their combination with iodoform and zinc oxide powder asintracanal medicationsagainst sel ect microorganisms, and to measurethe
pH changes caused by these medications. Antimicrobial activity was determined by the agar diffusion method. The zones of growth
inhibition were measured and the results were analyzed statistically by Kruskal-Wallis test (p<0.05). The pH of the pastes was
measured right after preparation, after 24 hand 1 week | ater. Thelargest mean zones of microbial inhibition were produced by 296 CHX
gel, followed by Ca(OH), + 2% CHX gel + iodoform, Ca(OH), + 2% CHX gel, Ca(OH), + 2% CHX gel + zinc oxide, and Ca(OH), +
water. The mean pH of al medications stayed above 12.0 during the whole experiment, except for CHX gel (pH=7.0). The results of
this study showed that all medications had antimicrobial activity, but the most effective against the tested microorganisms were 2%
CHX gel, followed by its combination with Ca(OH), and iodoform.
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INTRODUCTION

Calcium hydroxide [Ca(OH),] isone of the most
versatile medicationsin dentistry, especially for its use
as an intracana dressing in vital and non-vital teeth.
Ca(OH),therapy for nonvitd teethincludesapexification
procedures for teeth with incomplete root formation
and repair of perforations from internal root resorption
(2). In addition, Ca(OH),-based intracanal medications
maintain a high pH, which is an important factor to
prevent or inhibit inflammatory root resorption (2).

Several researchers and clinical investigators
have studied the associations of Ca(OH), with other
antimicrobial substances, such as camphorated
paramonochorophenol (3), chlorhexidine (4), iodine

potassiumiodine(5,6), erythromycin (7) and clindamycin
or tetracycline (7). Athanassiadis et a. (8) reviewed
several Ca(OH), combinations and concluded that the
choice for which intracanal medication to use during
endodontic treatment is dependent on having an accu-
rate diagnosis of the condition being treated.

The high pH of Ca(OH), has adestructive effect
on bacterial cell membranesand protein structure (9). It
is well tolerated and is subsequently resorbed in the
periapical region (10). It should ideally occupy the
whole pulp space in order to act effectively as an
intracanal dressing (11). However, Ca(OH), cannot be
considered asa universal intracanal medication, asitis
not equally effective against all bacterial speciesfound
in the root canals (12).
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Chlorhexidinegluconate (CHX) hasbeenusedin
endodontics and proposed as both an irrigant (13) and
anintracanal medication (14). Itisactiveagainst awide
range of microorganisms, such as Gram-positive and
Gram-negative bacteria (14). One of the mechanisms
that can explain its efficacy is based on the interaction
between the positive charge of the molecule and the
negatively charged phosphate groups on the bacteria
cell wall, which allows the CHX moleculeto penetrate
into the bacteria with toxic effects (2).

The goal of associating Ca(OH), and 2% CHX
gel is to enhance the antimicrobial effectiveness, par-
ticularly against resistant microorganisms, such as
Enterococcus faecalis, which are frequently found in
infected root-filled teeth (6,15). Therefore, the purpose
of this study was to evaluate the effectiveness of 2%
CHX gel, Ca(OH), and their association with iodoform
(CHI53) and zinc oxide powder asintracanal medications
against select microorganisms. The pH changes caused
by these medications were also assessed.

MATERIAL AND METHODS

Fivemedications/association of medicationswere
evaluated: 2% CHX gel; Ca(OH),+ 2% CHX (1: 1; v:v);
Ca(OH),+ 2% CHX + iodoform (1: 1: 0.01; v:v:v);
Ca(OH),+ 2% CHX + zinc oxide (1: 1. 0.01 v:v:v); and
Ca(OH), + sterile distilled water (9:7; v:v). The tested
substances were prepared based on the methodology
proposed by Gomes et al. (14).

Ca(OH), pastes were prepared using Ca(OH),
p.a. (Labsynth Produtos para Laboratorio LTDA,
Diadema, SP, Brazil). 2.0% CHX gel (Endogel,
Itapetininga, SP, Brazil) is agel base (1% natrosol) and
CHX gl at pH 7.0. Natrosol gel (hydroxyethyl cellulose)
is a nonionic, highly inert and water-soluble agent.
Sterile saline and 1.0% natrosol were used as controls.

Agar Diffusion Method

Thefollowing microbial specieswereused: Can-
dida albicans (NTCC 3736), Enterococcus faecalis
(ATCC 29212), Streptococcus sanguis (ATCC 10556),
Sreptococcus sobrinus (ATCC 6715) and Streptococ-
cus mutans (OMZ 175) grown on Brain Heart Infusion
Agar (BHI, Lab M, Bury, UK). Theclinical isolates of
anaerobes, Porphyromonas gingivalis and Prevotella
intermedia, were grown on Fastidious Anaerobe Agar

(FAA, Lab M, Bury, UK). Five percent defibrinated
sheep’s blood was added to both culture media
The same methodology proposed by Gomes et
al. (12) wasusedinthisstudy. All microorganismswere
previously subcultured in appropriate culturemediaand
under gaseous conditions to confirm their purity.
Tubes containing 5 mL of sterile saline were
individually inocul ated with the aerobes and facultative
anaerobic strains. The suspension was adjusted spec-
trophotometrically at 800 nm (O.D.gy) to match the
turbidity of 1.5x108 cfumL-* (equivalentto0.5McFarland
standard). Glass flasks containing 50 mL of BHI agar
(Lab M) at 46°C were inoculated with 500 pL of each
microbial suspension, mixed and poured onto 130 mm:-
platescontaining aprevioudy setlayer of Mueller Hinton
agar (Oxoid, Unipath Ltd, Basingstoke, UK).
Theclinically isolated anaerobeswere suspended
spectrophotometrically at 800 nm (O.D.gq) to match
the turbidity of 3.0x108cfu mL-' (equivalent to 1
McFarland standard). Sterile swabs were dipped into
the bacterial suspension to inoculate pre-reduced 70
mm-plates containing 5% sheep-blood-FAA (Lab-M).
Inoculum procedures were appropriate to provide a
semi-confluent growth of the test microorganisms.
Sterile stainless-steel tubes, open at both ends,
measuring 8.0 x 1.0 x 10 mm (inner diameter = 6 mm)
were added to the surfaces of the media and filled with
40 L of eachtest substanceand controls(Fig. 1A). The
plates were kept for 2 h at room temperature in appro-
priategaseousconditionsto allow agent diffusionthrough
the agar, and then incubated at 37°C under proper
gaseous conditions for an appropriate incubation time:
aerobes, 24 h; facultative, 24-48 h in a CO, incubator
(Jouan, Saint Herblain, France) in 10% CO, atmosphere;
and anaerobes, 7 daysin an anaerobic workstation (Don
Whitley Scientific, Bradford, UK) in an atmosphere of
10% H,, 10% CO, and 80% N,. Pour- plate technique
was performed according to Gomes et a. (14).
Zones of microbial growth inhibition around the
cylinder containing the tested substances and the nega-
tive controls were measured and recorded after the
incubation period (Fig. 1B). The inhibitory zone was
considered to be the shortest distance (mm) between
the outer margin of the cylinder and the initial point of
microbial growth. The measurements were made with
calipersaccurate to 0.01 mm. Six replicates were made
for each microorganism. In cases where no inhibition
zone was formed, the cylinder was removed and the
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presence or not of microbial growth on the surface of
the medication was verified, aswell ason the surface of
the agar in contact with the medication. In addition,
microbial samples were taken with sterile paper points
moistened in sterile saline in these two sites: surface of
themedication and agar surface. The paper point samples
were plated out onto 5% blood agar plates, which were
incubated at 37°C for 7 days. If there was no microbial
growth, it would mean that the microorganism was
killed only by direct contact with the medication.

Figurel. A: Stainless-steel cylinder containing anegative control
(sterilewater); B: Microbia growth (P. intermedia) and inhibition
zone surrounded the cylinder containing Ca(OH), + 2.0% CHX
gel + IF after 48 h of anaerobic incubation.

pH Measurement

The pHs of the pastes were measured 5 min, 24
h and 7 days after preparation using a pH meter
(Procyon, digital pH meter model AS 720, electrode A
11489, Procy Instrumental Cientifica, Sdo Paulo, SP,
Brazil). The pHs of all medications were measured in
triplicate. pH was calibrated with solutions of known
pH before and after measurements at each period.

Statistical Analysis

Data were analyzed statistically by Kruskall-
Wallis non-parametric test using BioEstat software
(CNpQ, 2000; Brasilia, DF, Brazil). Mann-Whitney test
were used to determine significant differences in sus-
ceptibility to intracanal medication among microbial
species. Significance level was set at p<0.05.

RESULTS

Table 1 shows the mean zones of microbia
growth inhibition (in mm) for each medication. All

Table 1. Mean zones of microbial growth inhibition (in mm) formed by the intracanal medications against the tested microorganisms.

Candida Streptococcus Enterococcus Streptococcus Streptococcus Prevotella  Porphyromonas  Meanvalues

albicans mutans faecalis sobrinus sanguis intermedia gingivalis  per medication
2% CHXG 0.25ab 15.508b 0.60a 13.66a 0.80a 10.00a 11.83a 7.52a
(x0.04) (x2.50) (x0.08) (x1.69) (x0.08) (x0.00) (x0.84)
Ca(OH), + 0.15b 11.00b 0.47ab 11.00ab 0.60ab 4.20b 0.41b 3.98a
2% CHXG (x0.09) (x1.00) (x0.09) (x0.81) (x0.08) (x5.49) (x0.19)
Ca(OH), + 0.36a 18.66a 0.03b 3.90bc 0.36b 10.00a 0.25b 4.79
2% CHXG + IF  (x0.04) (x0.94) (x0.04) (x4.31) (x0.04) (x0.00) (x0.10)
Ca(OH), + 2% 0.26ab 18.00a 0.40ab 7.63b 0.56ab 0.55ab 0.38b 3.97a
CHXG + ZO (x0.09) (x0.00) (x0.08) (x4.83) (x0.09) (x0.07) (x0.10)
Ca(OH),+ SW 0.00b 0.00c 0.00c 0.00c 0.00b 0.42b 0.42b 0.12b
(x0.00) (x0.00) (x0.00) (x0.00) (x0.00) (x0.20) (x0.02)
Meanvauesper MO 0.20 12.63 0.30 7.24 0.46 5.03 2.66

2%CHX = 2% chlorhexidine gluconate gel; Ca(OH),= calcium hydroxide; |F= iodoform; ZOE = zinc oxide; SW = sterile water;
MO=Microorganism. Different lowercase letters indicate statistically significant differences (p<0.05) among the tested intracanal
medications against the same microorganism (vertical direction). Standard deviation is shown in brackets.
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medications were inhibitory at least by direct contact
against all microbial strains. Microbial inhibition zones
equal to zero indicated that the medication only had
direct contact action. Negative controls (natrosol and
distilled water) did not inhibit microbial growth.

The diameter of the microbial growth inhibition
zonesof 2% CHX gel against thetested microbial strains
ranged from 0.25 to 15.5 mm, being >10 mm against S.
mutans, S. sobrinus, P. intermedia and P. gingivalis.
Ca(OH), + sterile water wasthe |l east effective medica-
tion, showing mean microbial growth inhibition zones
<1 mm or inhibiting microbial growth only by direct
contact (Table 1). The tested microorganisms pre-
sented different susceptibilitiesto theintracanal medica
tions. WhileC. albicans, E. faecalisand S. sanguiswere
the most resistant, S mutans showed significantly
larger inhibition zones (Table 1).

Table 2 shows the mean pHs of the substances
evauated in thisstudy. The mean pH of all medications
was >12.0 throughout the experiment, except for CHX
gel (pH=7.0).

DISCUSSION

Common clinical signs, such asexudation, hem-
orrhage, perforation, root resorption, trauma or incom-
pleteroot formation, may indicatetheneedfor intracanal
dressing (11). Inthesesituations, itisbeneficial to clean
and shape the canals and fill them with a medication,
such as a Ca(OH), paste, densely into their full length,
in order to increase the antimicrobial efficacy (9).

Ca(OH), iswidely usedinendodontics. It actsas
aphysical barrier in the canal preventing root canal re-
infection, interrupting the nutrient supply to theremain-

Table 2. Mean pH values obtained with the tested the intracanal
medications.

Medications Initial 24h 7 days
2%CHXG 7.0 7.0 7.0

Ca(OH), + 29%6CHXG 12.76 12.41 1251
Ca(OH), + 2%CHXG + IF 12.26 12.00 12.57
Ca(OH), + 2%CHXG + ZO 12.49 12.45 12.44
Ca(OH),+ SW 12.0 12.45 12.44

2%CHXG = 2% chlorhexidinegluconategel ; Ca(OH),= calcium
hydroxide; | F=iodoform; ZOE = zinc oxide; SW = sterilewater.

ing bacteria, and thus delaying recontamination (3).

However, the mechanism that makes Ca(OH),
effective is unclear and its inefficacy against certain
microorganisms, such as E. faecalis, has been reported
(12). Thefindings of this study show that Ca(OH), had
antimicrobia activity only by direct contact against
most tested microorganisms.

Pastes prepared with Ca(OH), and sterile water
has an alkaline pH (>12.0), as confirmed in the present
study. However, the low solubility and diffusibility of
Ca(OH),, as well as its dentin buffering ability, may
make it difficult to reach a pH capable of eliminating
bacteria located within dentinal tubules or enclosed in
anatomical variations (15). It has also been reported in
experimental studies that when Ca(OH), reaches the
peripheral dentin, itspH dropsto around 6.0-7.4, which
may have a harmful effect on marginal periodonta
healing cells (16,17).

Studies have suggested that CHX gel isan effec-
tiveintracanal medication duetoitsbroad antimicrobial
spectrum (13-15), whichisin agreement of thefindings
of the present study. The present results showed that
the 2% CHX gel produced the largest mean inhibition
zones and was effective against all microorganisms
(Table 2). Even at the highest concentrations, it hasvery
low toxicity. Also, it adsorbs onto dental tissues and
mucous membranes resulting in its prolonged gradua
release at therapeutic levels (i.e. substantivity) (18).

Furthermore, CHX may be particularly beneficial
in the treatment of inflammatory root resorption (2).
However, it isnot an effectiveintracanal barrier, need-
ing to be changed frequently as it diffuses through the
dentinal tubules, leaving an empty cana (4). It isaso
radiolucent, making itsvisuaization difficult insidethe
canal.

Invitro studies have demonstrated that the asso-
ciations with some substances, such as Ca(OH),, urea
and sulphate lauryl sodium, reduce the antimicrobial
activity of CHX (19). Accordingly, inthe present study,
it was observed that the antimicrobia action of CHX
was reduced when it was combined with Ca(OH),. On
the other hand, the antimicrobial activity of Ca(OH),
increased with thisassociation. Thegoal of thisassocia-
tion is to add antimicrobia properties to Ca(OH)s,.
Furthermore, the presence of Ca(OH), in apasteformu-
lation allowsformation of amorestable physical barrier,
which will remain in the root cana for alonger period
and thus delay recontamination. Additionally, the pres-
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ence of CHX adds substantivity to the formulation
maintaining the canal free of microorganisms, even
after having been removed from the cana (18)

The pH of this combination was higher than
those obtained with CHX or Ca(OH), alone. It is
interesting that most bacteria present in the root cana
system grow best at a pH around 6.5 to 7.5, and most
microorganisms are destroyed at pH 9.5, though afew
cansurviveat pH 11 or higher (20). The high pH of the
medications may also neutralize the acids secreted by
osteoclasts and this may help preventing further de-
struction of mineralized tissue.

Ca(OH), and 2% CHX gel were mixed with
iodoform and zinc oxide powder in order to enhance
radiopacity and consequently improvetheir ability tobe
observed after placement insidethe canal. Their antimi-
crobial activity waslessthan the combination aone, but
till greater than Ca(OH), plus sterilewater. Pasteswith
iodoform showed more antimicrobial activity than the
ones with zinc oxide.

Most studies on Ca(OH), antimicrobial activity
usestheagar diffusion method, which only indicatesthe
potential of amedicationto eliminatethemicroorganism
andisdirectly related toitsdissociation and diffusion of
the medium. Therefore, the inhibition zones may be
morerelatedtomaterial solubility and diffusibility inagar
than to its actual efficacy against the microorganisms.
Regarding Ca(OH),, itsantimicrobial activity isrelated
to its high pH, which in turn precipitates this medica-
ment on agar, preventing its diffusion. These facts may
explainthe poor performance of Ca(OH), usingtheagar
diffusion method. However, studies using other meth-
odologies (14) have also found that Ca(OH), pastes
mixed with sterile water are not as efficient as Ca(OH),
+ 2% CHX gel or 2% CHX gel aone, as intracanal
medications, the latter being the most effective to
eliminate endodontic pathogens. These results are con-
sistent with the findings of the present work.

Theoutcomesor thisstudy indicatethat Ca(OH),
associated with 2% CHX, with or without iodoform or
zinc oxide, when used as an intracanal medication
providesantimicrobial action andisableto maintain an
ideal pH. Even though such medication enhanced by
radiopacifiers can be used in vital or necrotic pulps, its
main application is in traumatized teeth with necrotic
pulp and incomplete apex formation, to induce
apexification. The presence of a radiopacifier, such as
iodoformor zinc oxide, allowsbetter visualization of the
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medication after filling the root canal with the medica-
tion. When treating teeth with open apex, it should be
considered that the barrier of calcified tissue will be
formed acrossthe apex, which, inturn, will facilitatethe
placement of apermanent root canal fillingmaterial (1).

Further clinical trials are necessary to confirm
the results of in vitro studies, addressing the effective-
ness of medications against microorganisms of the
endodontic microbiota.

RESUMO

O objetivo do estudo foi avaliar, in vitro, a efetividade
antimicrobianadaclorexidinagel 2% (CHX) ehidroxidodecdlcio,
i soladamente e associ ados comiodof érmio epd de 6xido dezinco
como medi camentosintracanai sfrenteamicrorganismosemedidos
pHs das diferentes medicagdes. A atividade antimicrobiana foi
determinadapel o método dedifusdo em agar. Asareasdeinibicdo
de crescimento foram medidas e os resultados estatisticamente
analisados utilizando-se o teste de Kruskal-Wallis (p<0,05). O
pH das pastas foi mensurado ap6s a manipulagéo, apds 24 h e
ap6s uma semana. Os resultados mostraram que amaior zonade
inibicdo foi da CHX gel 2%, seguida pelo Ca(OH), + 2% CHX
gel, Ca(OH), + 2% CHX gel + iodofdrmio, Ca(OH), + 2% CHX
gel +6xido de zinco, Ca(OH), + agua. A médiade pH detodos os
medicamentosintracanaisfoi de 12 durante todo o experimento,
exceto com CHX gel 2% (pH=7,0). Estes resultados permitiram
concluir que todos os medicamentos tiveram atividade
antimicrobiana, no entanto, amaior foi daCHX gel 2%, seguido
daassociacdo com o Ca(OH), eiodoformio.
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