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ABSTRACT

Thisstudy investigated the eff ectiveness of detergent and aqueous sol utions of 2% chlorhexidine digluconate
in decontaminating gutta-percha cones (gpc) contaminated with bacteria, yeast, or bacterial spores. Gutta-
perchaconeswere contaminated with 107-108 colony-forming units per milliliter (cfu/ml) of thefollowing test
organisms. Staphylococcus aureus, Enterococcus faecalis, Escherichia coli, or Candida albicans. Spores
of Bacillus subtiliswere also tested. Contaminated gpc weretreated with the chlorhexidine solutionsfor 1, 5,
10, or 15 min. Each cone was then transferred to a tube containing saline and the micoorganisms were
recovered after homogenization for cfu determination. Both detergent and agueous chlorhexidine solutions
wereeffectivein eliminating S. aureus, E. faecalis, and C. albicans cells adhered on the surface of gpc within
1 min of exposure. E. coli waseliminated in 5 min with detergent solution. The Bacillus subtilis sporeswere
eliminated by chlorhexidine solutionswithin 5 min. Theresults of this study demonstrated that both agqueous
and detergent solutions of 2% chlorhexidine digluconate were effective in decontaminating gpc within 5

minutes of exposure.
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INTRODUCTION

In endodontic practice, the elimination or significant
reduction of microorganisms from the root canal by
chemomechanical preparationisan essential factor in successful
treatment. Care must be taken during this procedure to prevent
contamination of instrumentsand filling materials, to avoid root
canal cross-infection (7,9,18,29,31,37).

Gutta-percha cones (gpc) with supplementary cement are
now widely used tofill root canals (18). However, gpc havethe
disadvantage of not resisting conventional heat sterilization.
For this reason, although gpc are sold commercially in sealed
packages, they may be contaminated (14,17,24). Contamination
of gpc may also occur during the endodontic procedure (33).
Thus, in order not to break the antisseptic chain in endodontic

therapy, gpc requirerapid chairside decontamination before use
(7,9,12,18,29).

Severa testswere used to observethe antimicrobial activity
of chemical decontaminants of gpc, but there is no consensus
for the best method (4-6,10,12,19,23,29,31,33,35).

Chlorhexidine is widely used in dentistry because of its
broad spectrum of antimicrobial activity (21). However, its
effectiveness in decontaminating gpc has been found to differ
in some studies (6,14,31,33,35). In order to better investigate
thismatter, we carried out aquantitative microbiological study
to investigate the antimicrobial activity of 2% chlorhexidine
digluconate detergent solution, using as an experimental model
gpc contaminated with bacterial cells (Staphylococcus aureus,
Escherichia coli, Enterococcus faecalis), yeast (Candida
albicans), or bacterial spores (Bacillus subtilis).
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MATERIALSAND METHODS

Test microorganisms

Test microorganisms obtained from the American Type
Culture Collection (ATCC) (Rockville, MD, USA), included the
following strains: Staphylococcus aureus ATCC 6538
(Experiment 1), (ii) Enterococcus faecalis ATCC 29212
(Experiment 2), (iii) Escherichia coli ATCC 25922 (Experiment
3), (iv) Candida albicans ATCC 90028 (Experiment 4), and
Bacillus subtilisATCC 6633 spore suspension (Experiment 5).

Inocula

(i) Experiments 1 to 3: overnight culturesintryptic soy broth
(Difco Laboratories, Sparks, MD, USA) containing about 10° to
10° colony-form units per milliliter (CFU/ml) were used to
contaminate gutta-perchacones, (ii) Experiment 4: theinoculum
was an overnight culture in Sabouraud dextrose broth (Difco)
containing approximately 10" CFU/m; (iii) Experiment 5: aBacillus
subtilis spore suspension containing about 107 spores/ml,
prepared as described by Stella (34), was used asthe inoculum.
Briefly, broth culturesfrom 24 h of B. subtiliswereinoculated in
Roux bottles containing 250 ml of modified sporulation agar (34),
and incubated at 37°C. The sporulation grade was observed by
Gram stain. After 12 to 15 days, the spores were removed with
cold steriledistilled water, centrifuged at 4°C for 20 min at 3,000
rpm, washed with saline twice, and ressuspended in sterile
distilled water to give about 107 to 108 cfu/ml.

Gutta-per chacones

The following brands of gpc were used: (i) Dentsply #30
(Dentsply Industriae Comércio Ltda., Petrépolis, Rio de Janeiro,
Braxzil); (ii) Hygenic#80 (Hygenic Corporation, Akron, OH, USA).
The gpc were decontaminated by immersion for 30 minutesin
5% sodium hypochlorite solution. Next, the cones were
individually and aseptically rinsed in sterile distilled water, and
allowed to dry in sterile 100 x 15 mm Petri dishes containing
sterilefilter-paper pads.

Chlorhexidinesolutions

The following chlorhexidine solutions were used: (i) 2%
chlorhexidine digluconate antiseptic-detergent solution
containing 2% ethyl a cohol (Glicolabor IndUstria Farmacéutica
Ltda., Ribeirdo Preto, SP, Brazil); (ii) 2% chlorhexidine
digluconate aqueous solution (Laboratério Enila - Industriae
Comércio de Produtos Quimicos e Farmacéuticos S/A, Rio de
Janeiro, RJ, Brazil).

Viablecountsof inocula

Viable counts of inoculawere performed by the drop-plate
technique described by Miles et al. (22), modified as follows.
Briefly, 10-fold dilutions of each inoculum were prepared, 0.2 ml
being added to 1.8 ml of sterile saline solution containing the
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following neutrdizers. 0.5% Tween 80 (Difco) and 0.07% lecithin
(SantistaAlimentos S.A., PontaGrossa, PR, Brazil) (1,26,31) in
experiments 1 to 4, and without neutralizers in experiment 5.
Three0.02 ml dropsof 10*to 107 dilutionswere applied to each
quadrant of 100 x 15 mm Petri plates containing tryptic soy agar
(Difco) in experiments 1 to 3 and 5, and Sabouraud modified
agar in experiment 4. After drying of the inoculum, the plates
wereincubated at 37°C for 24 to 48 hours. The number of colonies
selected for counting was estimated from the arithmetic mean
of three counts from the same dilution that showed the largest
numbers of colonies without signs of confluence or gross
diminutionin colony size asaresult of overgrowth (21).

Contamination of gpc

Twenty gpc, previously decontaminated with 5% sodium
hypochlorite, were fully immersed for 30 minutes in a sterile
Petri dish containing 20 ml of the respectiveinocula (about 108
CFU/ml). Next, the coneswere aseptically transferred to sterile
Petri dishes containing sterilefilter-paper pads, and allowed to
air-dry for 5to 10 minutesat room temperature.

Antimicrobial evaluation

For each experiment, a series of 16 contaminated gpc (8
cones of each brand) was used. Duplicate coneswereaseptically
transferred individually to sterile 13 x 100 mm tubes containing
3 ml of the chlorhexidine solution and treated for 1, 5, 10, or 15
minutes. Next, each cone was aseptically transferred to a 13 x
100 mm tube containing 3 ml of sterile saline solution with
neutralizers - 0.5% Tween 80 (Difco) and 0.07% lecithin
(Alimentos Santista S.A.) - to prevent carryover inhibition in
experiments1to4 (1,26,31), or to a16 x 160 mm tube containing
10 ml of sterile saline solution (without neutralizers) in
experiment 5 (8), for microbiological assay. The solution was
mixed for 30 secondswith avortex shaker (Thermolyne, model
M63215, Barnstead/Thermolyne Corporation, Dubuque, IA,
USA) to removethe surviving microorganisms. The suspension
was diluted from 10° to 102 and tested for the drop-plate
technique (22).

Antimicrobial evaluation controls

For each experiment the following controlswere carried out:
(i) Positive control: a procedure identical to the test was used,
except that the chlorhexidine solution was replaced by asterile
saline solution with neutralizers in experiments 1 to 4, and
without neutralizersin experiment 5; (ii) Negeative control: aseries
of four previously decontaminated cones (two cones of each
brand) was used. Each cone was transferred to 13 x 100 mm
tubes containing 3 ml of sterile saline solution. After 15 minutes
of contact, the cone set was mixed for 30 secondswith avortex
shaker (Thermolyne), and volumes of 1 ml of each samplewas
plated by the pour-plate technique using tryptic soy agar (Difco)
(experiments 1-3 and 5) or Sabouraud modified agar (Difco)



(experiment 4); (iii) Mechanical removal control: in each
experiment, for each chlorhexidine solutiontested, viable counts
were done, in duplicate, by the drop-plate technique, of the
sampling fluid that remained inthe 13 x 100 mm tubesfrom the
testsand positive controls after the coneswere removed. These
counts represent the number of microorganisms or spores
mechanically removed from the cones after treatment with saline
solution (positive control) or chlorhexidine (test); (iv) Carryover
control: thecarryover control was performed according to Frank
& Pelleu (12). Briefly, a contaminated cone and an
uncontaminated cone previously treated for 15 minutes with
one of the tested chlorhexidine solutions were aseptically
transferred to a13 x 100 mm tube containing 3 ml of sterilesaline
solution with neutralizers - 0.5% Tween 80 (Difco) and 0.07%
lecithin (SantistaAlimentosS.A.) -inexperiments 1t04 (1,26,31),
and to a 16 x 160 mm tube containing 10 ml of sterile saline
solution without neutralizers in experiment 5 (8). Next, the
material was mixed for 30 seconds with a vortex shaker
(Thermolyne), and viable counts of dilutions 10° to 1072 of this
samplefluid was performed by the drop-plate technique (22). In
paraléel as a control, an identical procedure was performed,
except that only a contaminated cone was placed into a tube
containing sterile saline solution with or without neutralizers
(12). Comparison between the number of recovered
microorganisms from the carryover and control tubes was
performed by Student’s t test for independent samples, using
the program Stati sticafor Windows (version 6.0, 2001; StatSoft,
Inc., Tulsa, OK, USA). A vaue of P 0.05 was considered
significant.

RESULTS

Table 1 shows that both detergent and aqueous 2%
chlorhexidine solutionswere effectivein eliminating S aureus,
E. faecalis, and C. albicans cells adhered on the surface of gpc
after 1 min of exposure. E. coli was eliminated with detergent
solution in 5 min. The Bacillus subtilis spores were eliminated
within 5 minutes. Antimicrobial effectivenessof chlorhexidine
solutionswasthe samein both brands of the gutta-perchacones
(Table1).

The real contamination load of gpc was estimated by the
number of tested microorganisms recovered from the gpc: S
aureus (2,000 000 £ 1,000 000 cfu), E. faecalis (1,100 000 + 480
000 cfu), E. cali (5,000 000 + 2,400 000 cfu), C. albicans (1 100+
560 cfu), and B. subtilis spores (16 000 + 5 600 cfu) (Table 1).

In relation to the mechanical removal controls, no test
microorganism wasrecovered from sampling fluid that remained
either in the 13 x 100 mm (experiments 1-4) or 16 x 160 mm
(experiment 5) test tubes after the cones were removed. The
mean (x SD) of the number of recovered microorganismsfrom
the control tubeswas 160 000 + 70 000 cfu/cone (S aureus), 200
000 + 81 000 cfu/cone (E. faecalis), 610 000 + 410 000 cfu/cone
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(E. cali), 18 000 + 16 000 cfu/cone (C. albicans), and 1 800 + 2
100 cfu/cone (B. subtilis spores).

The effect of chlorhexidine carryover into the assay media
on recovery of S, aureus, E. faecalis, E. coli, and C. albicans
cells (neutralization method), and B. subtilis spores (dilution
method) is shown in Table 2. There were no significant
differences between the number of viable cells or spores
recovered from the control and carryover test tubes (P > 0.05).

All 16 sterile gutta-percha cones used as negative controls
showed no microbial growth.

DISCUSSION

Chlorhexidine, because of itsbroad spectrum of antimicrobial
activity, substantivity, and hypoallergenic property is probably
the biocide most used in the formulation of antiseptics,
particularly those destined for hand washing and antisepsis of
theoral cavity (21). Despiteitspronounced bactericidal activity
(27), chlorhexidine does not kill bacterial spores, i.e,, it isnot
sporicidal (21,28,30). However, chlorhexidine prevents
development of bacterial spores by inhibiting spore outgrowth
(21). In our study, probably this sporostatic activity of
chlorhexidinewasresponsiblefor inhibition of the devel opment
of spores recovered from gpc treated for 5 min with the
chlorhexidine solutions (Table 1).

Our results demonstrated that both aqueous and detergent
solutions of 2% digluconate chlorhexidine were effective in
decontaminating gpc within 5 min. However, it isworth pointing
out that after 1 min of contact, detergent chlorhexidinewasless
effectivethan aqueous chlorhexidinein eliminating E. coli cells
adhered on the surface of gpc (Table 1). This finding can
possibly be explained by the formulation-dependence of the
chlorhexidine, i.e., chlorhexidine preparations with the same
concentration of the active ingredient (chlorhexidine
digluconate) can differ in their antimicrobial activity due to
differences in chlorhexidine preparations from different
manufacturers(3,16).

In our study, except for C. albicans, the real load of the
contamination of the cones was very close to the total load of
contamination. The mechanical removal of the contrals, i.e., the
detachment of the test microorganisms adhered on the surface
of contaminated cones after immersioninthesaline, was7.27%
(S aureus), 10.89% (E. coli), 15.38% (E. faecalis), 27.27%
(spores of B. subtilis), and 90.58% (C. albicans) of the total
load of contamination. This indicated that the experimental
contaminations was consistent with the amount of the
microorganismsrecovered from gpc.

The results of our study are consistent with those reported
in other qualitative microbiological studies(6,33,35). Suchdeet
al. (35) showed the effectiveness of a 1.5% chlorhexidine
gluconate detergent sol ution (Savlon®) in decontaminating gpc
in 30 seconds. They used stock cultures of staphylococci,
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Table 1. Microbial recovery of gpc contaminated with Saphylococcus aureus, Enterococcus faecalis, Escherichia coli, or

Candida albicans cells and Bacillus subtilis spores.

Aqueous solution of 2% chlorhexidine Detergent solution of 2% chlorhexidine
_ _ Gutta-Percha Cones Gutta-Percha Cones
Microorganisms Dentsply® Hygenic® Dentsply® Hygenic®
TE' PC* TE rC TE RC TE RC
S aureus
(ATCC6538)
1min* -8 6.09 &) 552 &) 6.04 ) 563
5min ) 5.86 &) 552 &) 6.00 ) 558
10min &) 595 &) 569 &) 6.05 ) 548
15min &) 582 &) 541 &) 594 ) 558
E. faecalis
(ATCC29212)
1min ) 542 &) 573 &) 571 &) 546
5min ) 554 &) 577 &) 571 ) 565
10min &) 531 &) 570 &) 5.36 &) 563
15min &) 5.62 &) 49 &) 543 &) 490
E. coli
(ATCC25922)
1min ) 6.18 &) 6.00 482 6.16 495 6.06
5min ) 6.52 &) 6.15 &) 6.20 &) 6.55
10min &) 595 &) 6.11 &) 6.20 &) 6.27
15min &) 593 &) 6.08 &) 6.37 &) 6.27
C. albicans
(ATCC90028)
1min ) 212 &) 256 &) 239 ) 271
5min ) 270 &) 228 &) 262 ) 256
10min ) 251 &) 200 &) 270 ) 235
15min ) 236 &) 271 &) 240 ) 292
B. subtilis
(ATCC6633)
1min 224 330 243 290 3.06 330 235 322
5min ) 317 &) 330 &) 347 ) 330
10min ) 315 &) 318 &) 317 ) 293
15min ) 325 &) 298 &) 332 ) 306

" Test microorganism adhered on gpc vs treatment with chlorhexidine for 1 min.

"Test: contaminated cone treated with chlorhexidine solutions.

*Positive control: contaminated cone treated with sterile saline solution containing neutralizers: 0.5% Tween 80 (Difco) and 0.07% soy lecithin
(SantistaAlimentos S.A.) in experiments 1-4, and without neutralizersin experiment 5.
$No growth in tryptic soy agar (Difco) or Sabouraud modified agar (Difco).

streptococci, Bacillus subtilis, and Candida krusei, and a
microbial culture obtained from an infected tooth canal . Stabhol z
et al. (33), demonstrated that 2% chlorhexidine in an agueous
solution effectively disinfects gpc contaminated with bacteria
from the oral flora (Streptococcus mutans and Streptococcus
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sanguis), intestinal flora (Escherichia coli and Enterococcus
faecalis), skin flora(Staphylococcus aureus), and environment
(Bacillussubtilis), within 10 min. A qualitative bacteriological
study carried out in our laboratory showed that a 2%
chlorhexidine digluconate detergent solution eliminated in 1



Table2. Carryover control: Student’st test of mean of difference’ on
recovery of Staphylococcus aureus, Enterococcus faecalis,
Escherichiacoli, Candida albicans cellsand Bacillus subtilis spores.

Test Carryover  Carryover
microorganisms  test® control*
adhered on
gutta-percha
cones' vs
treatment with
chlorhexiding® Mean+SD Mean+SD T-value P -vaue'

S aureus (ATCC 6538)
Dentsply®
Aqueous 6.33+028 611+0.09 186777 0109214
Detergent 6.02+0.19 6.14+017 108416 0303742
Hygenic®
Aqueous 6.00+031 599+011 011189 0914413
Detergent 599+0.12 6.01+0.07 019987 0.845589

E. faecalis(ATCC 29212)
Dentsply®
Aqueous 550+018 553+0.19 025111 0.806817
Detergent 530+049 557+041 101839 0332498
Hygenic®
Aqueous 499+009 541+062 163258 0160908
Detergent 559+025 561+017 015062 0883273

E. coli (ATCC 25922)
Dentsply®
Aqueous 563+0.04 549+0.17 206502 0089072
Detergent 589+0.23 558+019 074432 0473812
Hygenic®
Aqueous 558+0.17 559+0.09 022912 0.82339%6
Detergent 6.39+0.37 640+031 004202 0967307

C. albicans (ATCC 90028)
Dentsply®
Aqueous 358+0.36 356+046 011133 0913558
Detergent 336+034 352+037 075044 0470280
Hygenic®
Aqueous 344+009 334+011 174223 0112080
Detergent 346+0.05 356+030 075260 0483614

B. subtilis (ATCC 6633)
Dentsply®
Aqueous 319+026 340+016 165550 0.128919
Detergent 309+0.13 311+017 026929 0.793181
Hygenic®
Aqueous 349+025 326+027 148208 0.169129
Detergent 309+0.18 311+023 016911 0.869081

* Results (logwo) of the mean of two determinations of the number of
recoverable CFUs per milliliter. Countswere performed in triplicate by the
drop-counting technique (Miles et al. 1938); 'Gutta-percha cones:
Dentsply® and Hygenic®; *Aqueous solution of 2% digluconate
chlorhexidine; detergent solution of 2% digluconate chlorhexidine;
$Contaminated cone plus chlorhexidine sol utions-treated cone; ‘Contaminated
cone treated with sterile saline solution; " Not significant at P > .05.
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min vegetative cellsof S aureus, E. coli, and E. faecalisand
spores of B. subtilis (ATCC 6633) adhered on the surface of
gpe (6).

Ontheother hand, Siqueiraet al. (31) reported that a2%
chlorhexidine digluconate solution showed no sporicidal
activity after 10 min of contact with gpc contaminated with
spores of Bacillus subtilis (ATCC 19659). In study by
Siqueiraet al. (31), contaminated gpc weredried for 24 hours
inavacuum desiccator, and thentreated for 1, 3,5, or 10 min
with 2% chlorhexidine. Next, the cones were individually
cultured and subcultured in thioglycolate broth at 37°C for
21 days. Gomeset al. (14), inasimilar study, found that an
agueous 2% chlorhexidine gluconate solution was not
effective in eliminating B. subtilis (ATCC 19659) spores
adhered on gpc, even after 72 hours of contact. It is not
clear whether the contrast of these results with those
reported in our study is due to differencesin study design,
use of adifferent strain of B. subtilisastest microorganism,
or the formulation dependence of the chlorhexidine. Further
microbiological and clinical studies are needed to explain
these contradictory findings.

However, in endodontic practice the natural
contamination of the gpc consists mainly of vegetative
bacteria rather than resistant bacterial spores (12). On the
other hand, bacterial spores might be infrequent on clean,
non-used gpc (31).

In endodontic practice, the sporostatic and microbicidal
activity of chlorhexidine can be significantly increased by
the use of paste and cement obturators that show
antimicrobial activity (2,11). Theantimicrobial action of the
gpc, particularly attributed to the zinc oxide, can also
contribute to decontaminate the radicular channdl (25).

Gutta-perchaconesarethe current material of choicefor
root cana obturation (7,9,18). However, their chemical
composition is not standardized by the different
manufacturers. For example, three studies of the chemical
composition of 20 brands of commercially available gutta-
percha cones showed great heterogeneity. The following
percentages of chemical components were found: 15-22%
guitta-percha(matrix), 37-84% zinc oxide (filler), 0-31% barium
sulphate (radiopacifier), and 1-4% waxes and resins, or both
(plasticizer) (13,15,20). The results obtained in our study
suggest that the possible differences in the commercial
formulations of the Brazilian (Dentsply®) and American
(Hygenic®) gpc seem not to have influenced their
decontamination with the agueous or detergent solutions
of 2% chlorhexidinedigluconate.

In microbiological assayswith antiseptics, afundamental
step isthe elimination of possibleresidual inhibitory activity
caused by the transference of antiseptic to the culture
medium, resulting in afalse-negativetest (23). Thiscouldin
practice be attained by using neutralization, dilution, and
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washing techniques (8). The results shown in Table 2 clearly
demonstrated the efficacy of the neutralization (experiments 1-
4) and dilution (experiment 5) techniques used in our study,
with similar recovery of thetest microorganismsin both controls
and carryover tubes (P >.05). In experiment 5, we used the
dilution technique because the neutralizer agentsinterfered with
the development of B. subtilis spores.

In our study, the S. aureus, E. faecalis, E. coli, and C.
albicans strains were chosen because these microorganisms
arefrequently isolated from infected root canals (32,37). They
are classic representatives of facultative aerobic gram-positive
(S aureus, E. faecalis) and gram-negative (E. coli) bacteria,
and yeasts (C. albicans). Additionally, the B. subtilis spore
suspension was used because the spores are highly resistant
to physical and chemical sterilizing agents. A limitation of our
study was that anaerobic bacteria were not included, despite
their well-recognized role in the etiology of endodontic
infections (32,36).

The results obtained under the experimental conditions of
this study demonstrated that both aqueous and detergent
solutions of 2% digluconate chlorhexidine were effective in
decontaminating gpc in 5 min. Theresults also suggest that the
possible differences in the chemical composition of the gpc
from two different manufacturers seem not to have influenced
their decontamination by chlorhexidine solutions.

In summary, the results suggest the use of 2% chlorhexidine
during 5 minutesfor the decontamination of gutta-perchacones
in endodontic practice.
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RESUMO

Descontaminacéo de cones de guta-per cha com
clorexidina

No presente estudo foi investigada a eficécia das solugdes
aquosa e detergente de digluconato de clorexidina a 2% na
descontaminac&o de cones de guta-percha (cgp) contaminados
experimentalmente com bactérias, leveduras ou esporos
bacterianos. Os cones foram contaminados com 107 a 10°
unidades formadores de col6nias por mililitro (ufc/ml) dos
seguintes microrganismos teste: Staphylococcus aureus,
Enterococcus faecalis, Escherichia coli, ou Candida albicans.
Esporos de Bacillus subtilis foram também testados. Os cones
contaminados foram tratados com as solugdes de clorexidina
por, respectivamente, 1, 5, 10 ou 15 min. Cada cone foi ent&o
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transferido para solucdo salina e homogeneizado para a
determinacdo das ufc dos microorganismos. As solucfes de
clorexidina destruiram em 1 min as células de S. aureus, E.
faecalisou de C. albicans aderidas a superficiedoscgp. E. coli
foi eliminadaem 5 min com asolucgdo detergente. Os esporosde
Bacillus subtilisforam eliminados pel as solugdes de clorexidina
em 5 min. Os resultados deste estudo demonstraram que as
solucBes aquosae detergente de clorexidinaa2% foram efetivas
na descontaminacdo dos cones de guta percha em 5 minutos.

Palavras-cahve: Clorexidina, descontaminacdo, cones de
guta-percha
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