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ABSTRACT
This study investigated the effectiveness of detergent and aqueous solutions of 2% chlorhexidine digluconate
in decontaminating gutta-percha cones (gpc) contaminated with bacteria, yeast, or bacterial spores. Guttapercha cones were contaminated with 107-108 colony-forming units per milliliter (cfu/ml) of the following test
organisms: Staphylococcus aureus, Enterococcus faecalis, Escherichia coli, or Candida albicans. Spores
of Bacillus subtilis were also tested. Contaminated gpc were treated with the chlorhexidine solutions for 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 aqueous chlorhexidine solutions
were effective in eliminating S. aureus, E. faecalis, and C. albicans cells adhered on the surface of gpc within
1 min of exposure. E. coli was eliminated in 5 min with detergent solution. The Bacillus subtilis spores were
eliminated by chlorhexidine solutions within 5 min. The results of this study demonstrated that both aqueous
and detergent solutions of 2% chlorhexidine digluconate were effective in decontaminating gpc within 5
minutes of exposure.
Key words: Chlorhexidine, decontamination, gutta-percha cones

INTRODUCTION
In endodontic practice, the elimination or significant
reduction of microorganisms from the root canal by
chemomechanical preparation is an essential factor in successful
treatment. Care must be taken during this procedure to prevent
contamination of instruments and 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 to fill root canals (18). However, gpc have the
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 require rapid chairside decontamination before use
(7,9,12,18,29).
Several tests were used to observe the 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
this matter, we carried out a quantitative 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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MATERIALS AND 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 subtilis ATCC 6633 spore suspension (Experiment 5).
Inocula
(i) Experiments 1 to 3: overnight cultures in tryptic soy broth
(Difco Laboratories, Sparks, MD, USA) containing about 108 to
109 colony-form units per milliliter (CFU/ml) were used to
contaminate gutta-percha cones; (ii) Experiment 4: the inoculum
was an overnight culture in Sabouraud dextrose broth (Difco)
containing approximately 107 CFU/ml; (iii) Experiment 5: a Bacillus
subtilis spore suspension containing about 107 spores/ml,
prepared as described by Stella (34), was used as the inoculum.
Briefly, broth cultures from 24 h of B. subtilis were inoculated in
Roux bottles containing 250 ml of modified sporulation agar (34),
and incubated at 37ºC. The sporulation grade was observed by
Gram stain. After 12 to 15 days, the spores were removed with
cold sterile distilled water, centrifuged at 4ºC 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-percha cones
The following brands of gpc were used: (i) Dentsply #80
(Dentsply Indústria e Comércio Ltda., Petrópolis, Rio de Janeiro,
Brazil); (ii) Hygenic #80 (Hygenic Corporation, Akron, OH, USA).
The gpc were decontaminated by immersion for 30 minutes in
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
sterile filter-paper pads.
Chlorhexidine solutions
The following chlorhexidine solutions were used: (i) 2%
chlorhexidine digluconate antiseptic-detergent solution
containing 2% ethyl alcohol (Glicolabor Indústria Farmacêutica
Ltda., Ribeirão Preto, SP, Brazil); (ii) 2% chlorhexidine
digluconate aqueous solution (Laboratório Enila - Indústria e
Comércio de Produtos Químicos e Farmacêuticos S/A, Rio de
Janeiro, RJ, Brazil).
Viable counts of inocula
Viable counts of inocula were 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 neutralizers: 0.5% Tween 80 (Difco) and 0.07% lecithin
(Santista Alimentos S.A., Ponta Grossa, PR, Brazil) (1,26,31) in
experiments 1 to 4, and without neutralizers in experiment 5.
Three 0.02 ml drops of 10-4 to 10-7 dilutions were 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
were incubated at 37ºC 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
diminution in colony size as a result 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 respective inocula (about 108
CFU/ml). Next, the cones were aseptically transferred to sterile
Petri dishes containing sterile filter-paper pads, and allowed to
air-dry for 5 to 10 minutes at room temperature.
Antimicrobial evaluation
For each experiment, a series of 16 contaminated gpc (8
cones of each brand) was used. Duplicate cones were aseptically
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
experiments 1 to 4 (1,26,31), or to a 16 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 seconds with a vortex shaker (Thermolyne, model
M63215, Barnstead/Thermolyne Corporation, Dubuque, IA,
USA) to remove the surviving microorganisms. The suspension
was diluted from 100 to 10-3 and tested for the drop-plate
technique (22).
Antimicrobial evaluation controls
For each experiment the following controls were carried out:
(i) Positive control: a procedure identical to the test was used,
except that the chlorhexidine solution was replaced by a sterile
saline solution with neutralizers in experiments 1 to 4, and
without neutralizers in experiment 5; (ii) Negative control: a series
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 seconds with a vortex
shaker (Thermolyne), and volumes of 1 ml of each sample was
plated by the pour-plate technique using tryptic soy agar (Difco)
(experiments 1-3 and 5) or Sabouraud modified agar (Difco)
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(experiment 4); (iii) Mechanical removal control: in each
experiment, for each chlorhexidine solution tested, viable counts
were done, in duplicate, by the drop-plate technique, of the
sampling fluid that remained in the 13 x 100 mm tubes from the
tests and positive controls after the cones were 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: the carryover 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 a 13 x 100 mm tube containing 3 ml of sterile saline
solution with neutralizers - 0.5% Tween 80 (Difco) and 0.07%
lecithin (Santista Alimentos S.A.) - in experiments 1 to 4 (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 100 to 10-3 of this
sample fluid was performed by the drop-plate technique (22). In
parallel 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 Statistica for Windows (version 6.0, 2001; StatSoft,
Inc., Tulsa, OK, USA). A value of P 0.05 was considered
significant.
RESULTS
Table 1 shows that both detergent and aqueous 2%
chlorhexidine solutions were effective in 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 effectiveness of chlorhexidine
solutions was the same in both brands of the gutta-percha cones
(Table 1).
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. coli (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 was recovered 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 (± SD) of the number of recovered microorganisms from
the control tubes was 160 000 ± 70 000 cfu/cone (S. aureus), 200
000 ± 81 000 cfu/cone (E. faecalis), 610 000 ± 410 000 cfu/cone

(E. coli), 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 its broad 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
the oral cavity (21). Despite its pronounced bactericidal activity
(27), chlorhexidine does not kill bacterial spores, i.e., it is not
sporicidal (21,28,30). However, chlorhexidine prevents
development of bacterial spores by inhibiting spore outgrowth
(21). In our study, probably this sporostatic activity of
chlorhexidine was responsible for inhibition of the development
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 is worth pointing
out that after 1 min of contact, detergent chlorhexidine was less
effective than aqueous chlorhexidine in 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 controls, i.e., the
detachment of the test microorganisms adhered on the surface
of contaminated cones after immersion in the saline, was 7.27%
(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
microorganisms recovered from gpc.
The results of our study are consistent with those reported
in other qualitative microbiological studies (6,33,35). Suchde et
al. (35) showed the effectiveness of a 1.5% chlorhexidine
gluconate detergent solution (Savlon®) in decontaminating gpc
in 30 seconds. They used stock cultures of staphylococci,

651

Redmerski, R. et al.

Table 1. Microbial recovery of gpc contaminated with Staphylococcus aureus, Enterococcus faecalis, Escherichia coli, or
Candida albicans cells and Bacillus subtilis spores.
Aqueous solution of 2% chlorhexidine
Gutta-Percha Cones
Microorganisms

Dentsply®

Hygenic®

Detergent solution of 2% chlorhexidine
Gutta-Percha Cones
Dentsply®

Hygenic®

TE†

PC‡

TE

PC

TE

PC

TE

PC

S. aureus
(ATCC 6538)
1 min*
5 min
10 min
15 min

(–)§
(–)
(–)
(–)

6.09
5.86
5.95
5.82

(–)
(–)
(–)
(–)

5.52
5.52
5.69
5.41

(–)
(–)
(–)
(–)

6.04
6.00
6.05
5.94

(–)
(–)
(–)
(–)

5.63
5.58
5.48
5.58

E. faecalis
(ATCC 29212)
1 min
5 min
10 min
15 min

(–)
(–)
(–)
(–)

5.42
5.54
5.31
5.62

(–)
(–)
(–)
(–)

5.73
5.77
5.70
4.96

(–)
(–)
(–)
(–)

5.71
5.71
5.36
5.43

(–)
(–)
(–)
(–)

5.46
5.65
5.63
4.90

E. coli
(ATCC 25922)
1 min
5 min
10 min
15 min

(–)
(–)
(–)
(–)

6.18
6.52
5.95
5.93

(–)
(–)
(–)
(–)

6.00
6.15
6.11
6.08

4.82
(–)
(–)
(–)

6.16
6.20
6.20
6.37

4.95
(–)
(–)
(–)

6.06
6.55
6.27
6.27

C. albicans
(ATCC 90028)
1 min
5 min
10 min
15 min

(–)
(–)
(–)
(–)

2.12
2.70
2.51
2.36

(–)
(–)
(–)
(–)

2.56
2.28
2.00
2.71

(–)
(–)
(–)
(–)

2.39
2.62
2.70
2.40

(–)
(–)
(–)
(–)

2.71
2.56
2.35
2.92

B. subtilis
(ATCC 6633)
1 min
5 min
10 min
15 min

2.24
(–)
(–)
(–)

3.30
3.17
3.15
3.25

2.43
(–)
(–)
(–)

2.90
3.30
3.18
2.98

3.06
(–)
(–)
(–)

3.30
3.47
3.17
3.32

2.35
(–)
(–)
(–)

3.22
3.30
2.93
3.06

*

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
(Santista Alimentos S.A.) in experiments 1-4, and without neutralizers in 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. Stabholz
et al. (33), demonstrated that 2% chlorhexidine in an aqueous
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
(Bacillus subtilis), within 10 min. A qualitative bacteriological
study carried out in our laboratory showed that a 2%
chlorhexidine digluconate detergent solution eliminated in 1

Disinfection of gutta-percha cones

Table 2. Carryover control: Student’s t test of mean of difference* on
recovery of Staphylococcus aureus, Enterococcus faecalis,
Escherichia coli, Candida albicans cells and Bacillus subtilis spores.
Test
Carryover Carryover
microorganisms
test§
control ¦¦
adhered on
gutta-percha
cones† vs
treatment with
chlorhexidine‡ Mean ± SD Mean ± SD T- value
S. aureus (ATCC 6538)
Dentsply®
Aqueous
6.33 ± 0.28
Detergent
6.02 ± 0.19
Hygenic®
Aqueous
6.00 ± 0.31
Detergent
5.99 ± 0.12
E. faecalis (ATCC 29212)
Dentsply®
Aqueous
5.50 ± 0.18
Detergent
5.30 ± 0.49
Hygenic®
Aqueous
4.99 ± 0.09
Detergent
5.59 ± 0.25
E. coli (ATCC 25922)
Dentsply®
Aqueous
5.63 ± 0.04
Detergent
5.89 ± 0.23
Hygenic®
Aqueous
5.58 ± 0.17
Detergent
6.39 ± 0.37
C. albicans (ATCC 90028)
Dentsply®
Aqueous
3.58 ± 0.36
Detergent
3.36 ± 0.34
Hygenic®
Aqueous
3.44 ± 0.09
Detergent
3.46 ± 0.05
B. subtilis (ATCC 6633)
Dentsply®
Aqueous
3.19 ± 0.26
Detergent
3.09 ± 0.13
Hygenic®
Aqueous
3.49 ± 0.25
Detergent
3.09 ± 0.18

P - value¶

6.11 ± 0.09
6.14 ± 0.17

1.86777
1.08416

0.109214
0.303742

5.99 ± 0.11
6.01 ± 0.07

0.11189
0.19987

0.914413
0.845589

5.53 ± 0.19
5.57 ± 0.41

0.25111
1.01839

0.806817
0.332498

5.41 ± 0.62
5.61 ± 0.17

1.63258
0.15062

0.160908
0.883273

5.49 ± 0.17
5.58 ± 0.19

2.06502
0.74432

0.089072
0.473812

5.59 ± 0.09
6.40 ± 0.31

0.22912
0.04202

0.823396
0.967307

3.56 ± 0.46
3.52 ± 0.37

0.11133
0.75044

0.913558
0.470280

3.34 ± 0.11
3.56 ± 0.30

1.74223
0.75260

0.112080
0.483614

3.40 ± 0.16
3.11 ± 0.17

1.65550
0.26929

0.128919
0.793181

3.26 ± 0.27
3.11 ± 0.23

1.48208
0.16911

0.169129
0.869081

* Results (log10) of the mean of two determinations of the number of
recoverable CFUs per milliliter. Counts were 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 solutions-treated cone; ¦¦Contaminated
cone treated with sterile saline solution; ¶ Not significant at P > .05.

min vegetative cells of S. aureus, E. coli, and E. faecalis and
spores of B. subtilis (ATCC 6633) adhered on the surface of
gpc (6).
On the other hand, Siqueira et al. (31) reported that a 2%
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
Siqueira et al. (31), contaminated gpc were dried for 24 hours
in a vacuum desiccator, and then treated for 1, 3, 5, or 10 min
with 2% chlorhexidine. Next, the cones were individually
cultured and subcultured in thioglycolate broth at 37ºC for
21 days. Gomes et al. (14), in a similar study, found that an
aqueous 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 differences in study design,
use of a different strain of B. subtilis as test 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). The antimicrobial action of the
gpc, particularly attributed to the zinc oxide, can also
contribute to decontaminate the radicular channel (25).
Gutta-percha cones are the current material of choice for
root canal 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 guttapercha cones showed great heterogeneity. The following
percentages of chemical components were found: 15-22%
gutta-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 aqueous or detergent solutions
of 2% chlorhexidine digluconate.
In microbiological assays with antiseptics, a fundamental
step is the elimination of possible residual inhibitory activity
caused by the transference of antiseptic to the culture
medium, resulting in a false-negative test (23). This could in
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 14) and dilution (experiment 5) techniques used in our study,
with similar recovery of the test microorganisms in both controls
and carryover tubes (P >.05). In experiment 5, we used the
dilution technique because the neutralizer agents interfered 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
are frequently 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. The results 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 minutes for the decontamination of gutta-percha cones
in endodontic practice.

transferido para solução salina e homogeneizado para a
determinação das ufc dos microorganismos. As soluções de
clorexidina destruíram em 1 min as células de S. aureus, E.
faecalis ou de C. albicans aderidas à superfície dos cgp. E. coli
foi eliminada em 5 min com a solução detergente. Os esporos de
Bacillus subtilis foram eliminados pelas soluções de clorexidina
em 5 min. Os resultados deste estudo demonstraram que as
soluções aquosa e detergente de clorexidina a 2% foram efetivas
na descontaminação dos cones de guta percha em 5 minutos.
Palavras-cahve: Clorexidina, descontaminação, cones de
guta-percha
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