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Antibacterial activity of calcium hydroxide combined with triple antibiotic paste against
enterococcus faecalis; an ın vitro study
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ABSTRACT
Objectives: The aim of the present in vitro study was to investigate the antibacterial efficacy of calcium
hydroxide mixed with triple antibiotic paste at various rates.
Materials and Methods: Triple antibiotic paste (TAP; metronidizol, minocycline, ciprofloxacin) and calcium
hydroxide powder was mixed in different proportions and tested for antibacterial activity against E. faecalis
(ATCC 29212)using the agar diffusion method. The samples were divided into 10 different groups;Group 1:
100% Ca(OH)2, Group 2: 99,5% Ca(OH)2 + 0.5% TAP, Group 3: 99% Ca(OH)2 + 1%TAP,  Group 4: 97,5%
Ca(OH)2 + 2,5% TAP, Group 5: 95% Ca(OH)2 + 5%TAP, Group 6: 90% Ca(OH)2 + 10%TAP,  Group 7: 75%
Ca(OH)2 + 25% TAP, Group 8: 50% Ca(OH)2 + 50% TAP, Group 9: 25% Ca(OH)2 +  75% TAP, Group 10:
%100 TAP. Standard holes in the cultivated agar plates were filled with one of the samples and the zones of
microbial inhibition were measured after incubation period (48 hours). The experiment was performed 8 times
with each medicament.
Results: Group 1 had no effect against E.faecalis. Group 10 demonstrated high antibacterial activity than any
other groups in this study. The antibacterial effects of the groups could be ranked from strongest to weakest as
follows: Group 10, 9, 8, 7, 6, 5, 4, 3, 2, 1.
Conclusions: Adding the triple antibiotic paste increased he antibacterial efficacy of calcium hydroxide. In
addition, the antibacterial effect of calcium hydroxide also increased with higher proportion of TAP.
Keywords: Antibacterial activity, calcium hydroxide, enterecoccus faecalis, triple antibiotic paste.
----------------------------------------------------------------------------------------------------------------------------------------------------

INTRODUCTION
Elimination of bacteria from the root

canal system is one of the major factors in
successful endodontic treatment.1
Although biomechanical preparation and
root canal shaping effectively reduce
microbiota, these procedures do not
completely eliminate bacteria in the lateral
and accessory root canals, isthmi, and
apical deltas.2 In addition, some
microorganisms are  more  resistant   than
----------------------------------------------------
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others. For example; obligate anaerobes
are fairly easy to eliminate (or at least
greatly reduce in number) by
instrumentation and irrigation, in contrast
to the facultative anaerobes that can
survive such treatment.3 Enterococcus
faecalis is a gram positive anaerobe, and
the prevalence of E. faecalis in failed
endodontic cases ranges between 24 and
70 percent.4 Like other facultative
anaerobes, E. faecalis is very resistant to
irrigation and biomechanical preparation.
For this reason, intracanal medication
between appointments is recommended to
further reduce bacteria in the root canal
system.4
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Calcium hydroxide (Ca(OH)2) is one of
the most commonly used intracanal
substances in endodontics.5 In vitro and in
vivo studies have shown that most bacteria
isolated from infected root canals are
susceptible to calcium hydroxide.6 Its
antimicrobial activity stems from its
alkalanity. But E. faecalis can survive in an
alkaline environment.7,8 Thus; a variety of
antimicrobial agents have been tested for
their ability to eradicate calcium
hydroxide–resistant microorganisms
(especially E. faecalis) from root canals
and dentinal tubules, including
camphorated paramonochlorophenol;
camphorated phenol; combinations of
steroids and antibacterial agents; and
irrigants such as iodine potassium iodide,
chlorhexidine, and sodium
hypochlorite.6,8,9

Another intracanal medicament is triple
antibiotic paste (TAP), a combination of
the antibiotic drugs metranidozole,
ciprofloxacin, and minocycline, described
by Takushige et al.10 The paste is used for
oral infectious lesions such as dentinal,
pulpal, and periradicular lesions with the
aim of utilizing TAP is to eliminate target
bacteria, which are possible sources of
endodontic lesions.10 Recently this paste
has produced excellent clinical results.11,12

The purpose of this study was to
investigate the in vitro antimicrobial
activity against E. faecalis of calcium
hydroxide mixed with TAP in various
concentrations.

MATERIALS AND METHODS
Triple antibiotic paste and Ca(OH)2

powder (Sultan, Englewood, NJ, USA)
were mixed in different proportions and
tested for antibacterial activity against E.
faecalis using the agar diffusion method.
Each test material was mixed with sterile
saline solution at 1.5:1 (wt/vol) ratio.
Freshly prepared pastes were used for each
test.

The samples were divided into the
following groups: Group 1, 100%

Ca(OH)2; Group 2, + 2.5% TAP; Group
5, 95% Ca(OH)2 + 5% TAP; Group 6,
90% Ca(OH)2 + 10% TAP; Group 7, 75%
Ca(OH)2 + 25% TAP; Group 8, 50%
Ca(OH)2 + 50% TAP; Group 9, 25%
Ca(OH)2 + 75% TAP; Group 10, 100%
TAP.

The E. faecalis (ATCC 29212) strain
was used for this study was inoculated in
Tryptic Soy Broth (Biomerieux, Marcy
l’Étoile, France) and incubated at 37 °C for
24 hours. The bacteria were then
resuspended in saline to standardize the
final concentration of 1.5108 cells/mL
equivalent to the 0.5 standard of the
McFarland scale. Next  Petri plates with 20
ml of tryptic soy agar (TSA) (Biomerieux,
Marcy l’Étoile, France) were inoculated
with 0.1 ml of the microbial suspension
using sterile swabs that were spread on the
medium and four wells (5 mm deep and 5
mm in diameter) were made in the
inoculated agar plates with a sterile
stainless steel cylinder. The wells were
completely filled with one of the test
materials and each agar plate included only
one test material. The experiment was
performed eight times with each
medicament (n=8). The agar plates were
maintained for 1 h at environmental
temperature and then incubated at 37 °C
for 48 h. The diameter of the zone of
bacterial inhibition around the wells
containing the test materials was measured
and recorded in millimeters.

RESULTS
The average values of inhibition zones

created by calcium hydroxide and TAP
combinations are presented in figure 1 and
table 1. No statistical methods were
applied owing to the possible error factors
originating from the group that had zero
value and/or zero standard deviation.
Group 1 had no effect against E. Faecalis
while Group 10 demonstrated the best
antibacterial effect in this study. The
antibacterial effects of the groups ranked
from strongest to weakest as follows:
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Group 10, 9, 8, 7, 6, 5, 4, 3, 2, 1.
Increasing the TAP proportion resulted in

an increase in antibacterial efficiency.

Table I. Average of the inhibition zones of all groups against E. Faecalis.

Values are presented as mm
()SD. N: 8/group.
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Figure 1. Average of the inhibition zones of all groups against E. Faecalis (mm).

DISCUSSION
The results of the present study show

that additional antimicrobial benefits
against E. faecalis can be achieved by
combining calcium hydroxide with TAP.

In the study, the agar diffusion test,
which is one of the most frequently used
methods for assessment of the
antimicrobial activity of endodontic

materials, was used.13 This test allows
direct comparisons of the test materials
against the microorganisms found in the
local microenvironment of the root canal
system.14 Most of the research on calcium
hydroxide pastes has used the agar
diffusion method because of its simplicity,
standardization, and reproducibility.15,16
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E. faecalis was chosen as a test
organism since it is considered the most
resistant microorganism in endodontic
infections and is implicated as a possible
cause of root canal treatment failure.17 In
addition, it is a facultative organism that is
non-fastidious and easy to grow.18,19 The
ATCC 29212 strain used in this study has
been used in several in vitro studies to test
the antimicrobial action of intracanal
medication.19

Even though Ca(OH)2 is routinely used
as an intracanal medicament in dental
clinics, the poor antibacterial effect of
Ca(OH)2 against E. faecalis has been well
documented by earlier studies.18,20 Our
results accord with other findings showing
E. faecalis’s resistance to Ca(OH)2.16,21

The antibacterial properties of Ca(OH)2 are
attributed to its alkalinity. However, E.
faecalis can survive in an alkaline
environment.7,8 leading to the addition of
some antimicrobial agents to Ca(OH)2 to
provide antimicrobial efficacy.

Antibiotics have been applied in
endodontic treatment locally since 1951
when Grossman22 first used poly antibiotic
paste. While systemic antibiotics appear to
be clinically effective, their administration
has the potential risk of adverse systemic
effects, such as allergic reactions, toxicity,
and the development of resistant strains of
microbes.23 Local antibiotic usage prevents
systemic consequences and complications.
Moreover, antibiotics can be used in higher
concentration locally.24 Therefore, local
application of antibiotics within the root
canal system may be a more effective
mode for delivering the drug.23

Many studies investigating the
antimicrobial efficacy of different
antibiotics against E. faecalis in local
administration can be found in the
published literature.25-28 Kritthikadatta et
al.25showed that metronidazole has an
antibacterial effect on E. faecalis, although
it is known to be more effective against
obligate anaerobic bacteria than against
aerobic and facultative anaerobic bacteria.

The combination of calcium hydroxide and
antibiotics also has been studied. One
study argued that antimicrobial treatment
with calcium hydroxide in combination
with either erythromycin or tetracycline
had a significant effect on enterococci.
This study also showed that erythromycin
had a superior effect compared with
tetracycline.26

Different protocols using the local
administration of a combination of
antibiotic drugs (TAP) were described by
Takushige et al.10 The paste is used to
eliminate target bacteria, which are
possible sources of endodontic lesions, and
is being employed successfully in current
dental practise. In a recent case report on
retreatment of a failed endodontic case,
where the prevalence of E. faecalis ranged
between 24 and 70 percent and was
associated with a large periradicular lesion,
TAP produced excellent clinical results.4,12

There are also many case reports on the
treatment of large periradicular lesions
with TAP.11,12 In spite of these results, no
previous study has evaluated the
antibacterial efficacy of TAP combined
with Ca(OH)2 against E. faecalis. In this
study, the combination of Ca(OH)2 with
TAP provided better antibacterial efficacy
against E. faecalis even at low
concentrations than only Ca(OH)2 usage .

The results of the present study are
similar to those of Pallotta et al.28 They
determined the minimum inhibitory
concentrations of iodoform, calcium
hydroxide, iodine potassium iodide, and
CFC (ciprofloxacin, Flagyl
[metronidazole], and calcium hydroxide)
required to kill S. aureus, P. aeruginosa, E.
faecalis, and B. Fragilis.28 CFC produced
the best results. The antibacterial action of
CFC results from the presence of two
antibiotics: ciprofloxacin, which is an
antibiotic specific for enterobacteria such
as E. faecalis and P. aeruginosa, and
metronidazole, which can eliminate
anaerobic bacteria such as B. Fragilis.29
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CONCLUSION
The combination of Ca(OH)2 with TAP

provided the greatest antibacterial efficacy
against E. Faecalis among the different
groups in this study.  In addition, the
antibacterial effect increased with a higher
proportion of TAP. However, in vitro
results should be carefully analyzed before
they are adapted to clinical use.

ACKNOWLEDGEMENT
The authors have no interest in any of

the companies whose products are
mentioned in this article. This study was
supported by Karadeniz Technical
University Committee of Research Projects
(2008.127.01.2)

This study was supported by Karadeniz
Technical University Committee of
Research Projects (2008.127.01.2)

REFERENCES
1. Vianna ME, Horz HP, Conrads G,

Zaia AA, Souza-Filho FJ, Gomes
BPEffect of root canal procedures on
endotoxins and endodontic
pathogens. Oral Microbiol Immunol
2007;22:411–418.

2. Vianna ME, Gomes BP. Efficacy of
sodium hypochlorite combined with
chlorhexidine against Enterococcus
faecalis in vitro. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod
2009;107:585-589.

3. Engström B. The significance of
enterococci in root canal treatment.
Odontol Revy 1964;15:87–106.

4. Sathorn C, Parashos P, Messer H.
Australian endodontists' perceptions
of single and multiple visit root canal
treatment.  Int Endod J 2009;42:811-
818.

5. Siqueira JF Jr, Lopes HP.
Mechanisms of antimicrobial activity
of calcium hydroxide: a critical
review. Int Endod J 1999;32:361–
369.

6. Byström A, Claesson R, Sundqvist
G. The antibacterial effect of

camphorated paramonochlorophenol,
camphorated phenol and calcium
hydroxide in the treatment of
infected root canals. Endod Dent
Traumato 1985;1:170–175.

7. Rôças IN, Siqueira JF Jr,Santos
KRN. Association of Enterococcus
faecalis with different forms of
periradicular diseases, J Endod
2004;30:315–320.

8. Safavi KE, Spangberg LS, Langeland
K. Root canal dentinal tubule
disinfection. J Endod 1990;16:207–
210.

9. Heling I, Pecht M. Efficacy of
Ledermix paste in eliminating
Staphylococcus aureus from infected
dentinal tubules in vitro. Endod Dent
Traumatol 1991;7:251–254.

10. Takushige T, Cruz EV, Asgor MA,
Hoshino E. Endodontic treatment of
primary teeth using a combination of
antibacterial drugs. Int Endod J
2004;3:132-138.

11. Ozan U, Er K. Endodontic treatment
of a large cyst-like periradicular
lesion using a combination of
antibiotic drugs: a case report. J
Endod 2005;31:898–900.

12. KusgozA, Yıldırım T, Er K, Arslan I.
Retreatment of a resected tooth
associated with a large periradicular
lesion by using a triple antibiotic
paste and mineral trioxide aggregate:
a case report with a thirty-month
follow up. J Endod 2009;11:1603-
1606 .

13. Mayrhofer S, Domig KJ, Mair C,
Zitz U, Huys G, Kneifel W.
Comparison of broth microdilution,
Etest, and agar disk diffusion
methods for antimicrobial
susceptibility testing of Lactobacillus
acidophilus group members. Appl
Environ Microbiol 2008;74:3745-
3748.

14. Bodrumlu E, Alacam T. Evaluation
of Antimicrobial and Antifungal
Effects of Iodoform-Integrating



Kusgoz et al.

30

Gutta-Percha. J Can Dent Assoc
2006;72:733-d.

15. Ercan E, Özekinci T, Atakul F, Gul
K. Antibacterial activity of 2%
chlorhexidine gluconate and 5.25%
sodium hypochlorite in infected root
canal: in vivo study. J Endod
2004;30:84-87.

16. Gomes BP, Souza SF, Ferraz CC.
Effectiveness of 2% chlorhexidine
gel and calcium hydroxide against
Enterococcus faecalis in bovine root
dentine in vitro. Int Endod J
2003;36:267-275.

17. Roças IN, Siqueira JF, Santos KR.
Association of Enterococcus faecalis
with different forms or periradicular
diseases. J Endod 2004;30:315-320.

18. Ørstavik D, Haapasalo M.
Disinfection by endodontic irrigants
and dressings of experimentally
infected dentinal tubules. Endod
Dent Traumatol 1990;6:142-149.

19. Haapasolo M, Ørstavik D. In vitro
infection and disinfection of dentinal
tubules. J Dent Res 1987;66:1375-
1379.

20. Heling I, Sommer M, Steinberg D,
Friedman M, Sela MN
Microbiological evaluation of the
efficacy of chlorhexidine in a
sustained-release device for dentine
sterilization. Int Endod J 1992;25:15-
19.

21. Mickel AK, Sharma P, Chogle S.
Effectiveness of stannous fluoride
and calcium hydroxide against
Enterococcus faecalis.J Endod
2003;29:259-260.

22. Weine FS. Endodontic Therapy, 3rd
ednSt Louis, USA: Mosby 2003; p.
325.

23. Gilad JZ, Teles R, Goodson M,
White RR, Stashenko P.
Development of a clindamycin-
impregnated fiber as an intracanal
medication in endodontic therapy.J
Endo 1999;25:722-727.

24. Goodson J. Pharmacokinetic
principles controlling efficacy of oral
therapy. J Dent Res 1989;68:1625-
1632.

25. Krithikadatta J, Indira R,
Dorothykalyani AL. Disinfection of
dentinal tubules with 2%
chlorhexidine,2% metronidazole,
bioactive glass when compared with
calcium hydroxide as ıntracanal
medicaments. J Endod
2007;33:1473-1476.

26. Molander A, Dahle´n G. Evaluation
of the antibacterial potential of
tetracycline or erythromycin mixed
with calcium hydroxide as intracanal
dressing against Enterococcus
faecalis in vivo. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod
2003;96:744-750.

27. Taneja S, Kumari M. Use of triple
antibiotic paste in the treatment of
large periradicular lesions. J. Investig
Clin Dent 2012;72:6.

28. Pallotta RC, Ribeiro MS, de Lima
ME. Determination of the minimum
inhibitory concentration of four
medicaments used as intracanal
medication. Aust Endod J 2007;
33:107–111.

29. Hoshino E, Kurihara-Ando N, Sato
In vitro antibacterial susceptibility of
bacteria taken from infected root
dentine to a mixture of ciprofloxacin,
metronidazole and minocycline. Int
Endod J 1996;29:125–130.


