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Abstract

The aim of the study was to determine the
effective pH of calcium hydroxide Ca(OH)2

against Enterococcus faecalis, the most fre-
quently isolated bacterial species in endodon-
tic failure. Solutions of Ca(OH)2 with different
pH values of 9, 11 and 12.5 were prepared by
dissolving 1 mg of Ca(OH)2 in distilled water.
The test solutions were grouped as follows:
Group I, vials containing phosphate buffered
saline pH of 7.2 as control; Group II, aqueous
calcium hydroxide with pH of 9; Group III,
aqueous calcium hydroxide with pH of 11;
Group IV, aqueous calcium hydroxide of pH
12.5.Forty sterile paper points were transferred
to Trypticase Soy Agar broth containing
Enterococcus faecalis for a period of 10 min,
then transferred to vials containing 1 mL of the
test solutions and incubated for 1 h at 37oC.
The paper points were then transferred to neu-
tralizing broth with glass beads to resuspend
the microorganisms. Ten-fold serial dilutions
were performed using aliquots of 250 µL from
the broth and the same amount was plated
onto blood agar plates. The plates were incu-
bated anaerobically at 37oC for 24 h. The num-
ber of colony forming units for each dilution
was counted using the colony counter. The
inhibitory effects of different pH groups on the
bacteria were as follows: Group IV > Group III
> Group II > Group I in an ascending order.
This study revealed that Ca(OH)2 at a pH 12.5
was effective in complete elimination of
Enterococcus faecalis. 

Introduction

The success of root canal treatment should
aim to eliminate bacteria from the infected
root canal and prevent re-infection. Cleaning,
shaping and irrigating root canals has been
shown to greatly reduce the number of bacteria
in infected canals. However, obtaining com-
plete disinfection of root canals has proved dif-
ficult in some cases.1 Deep-seated microorgan-
isms, in particular Enterococcus faecalis, may
escape killing, remaining viable for multiplica-
tion under favorable conditions and thus cause
endodontic treatment failure.2 The use of
intra-canal medications helps to eliminate
bacteria that remain after mechanical debride-
ment.1

The most popular intra-canal medicament is
calcium hydroxide, which has a profound
antimicrobial effect against most of the
microorganisms found in the root canals. The
primary advantage of Ca(OH)2 is that it is
capable of killing microorganisms without
direct contact by absorbing the CO2 required
for bacterial growth and thereby releasing
hydroxyl ion (OH-) in the environment. This
results in a highly alkaline pH 12.5, which does
not favor the growth of most endodontic
pathogens.1

Enterococcus faecalis is one of the most
prevalent species found in persistent root
canal infections refractory to endodontic treat-
ment.3 It is commonly found in a higher per-
centage of root canal failures and it is able to
survive in the root canal as a single organism
or as a major component of flora.2 It is well rec-
ognized that such microbial communities are
noticeably resistant to antimicrobial agents
and are difficult to eradicate. This study aimed
to evaluate the optimal pH value at which cal-
cium hydroxide is effective against E. faecalis.

Materials and Methods

Bacterial strains 
Enterococcus faecalis (ATCC 29212) was col-

lected from the Department of Microbiology
and Immunology, CMC-Vellore, Tamilnadu,
India, and preserved by lyophilization in an
ampoule. Cells were reviewed by subculturing
a loopful of the bacteria on blood agar and
plates were incubated at 37°C for 24 h. 

Preparation of test suspensions 
Samples of Ca(OH)2 with different pH (9, 11

and 12.5) were prepared by dissolving 1 mg of
Ca(OH)2 powder (Merck, Mumbai, India) in
100 mL of distilled water at room temperature
to obtain a liquid phase and a solid phase. The

clear supernant liquid phase was pipetted into
a separate beaker and the pH measured with a
pH meter (Mark IV). The pH of this clear
supernant was 12.5. The pH values of aliquots
of the supernatant were adjusted to 9.0 and
11.0, respectively. Phosphate buffered saline
was used as a control in all experiments. The
solutions with different pH values were
assigned to groups as follows: Group I Control
(pH=7.2); Group II (pH=9.0); Group III
(pH=11.0) and Group IV (pH=12.5). Forty ster-
ile paper points (Dentsply, USA) 5 mm long
were placed in a sterile glass tube and steril-
ized at 160°C for 30 min. 

Preparation of bacterial culture 
Enterococcus faecalis was subcultured onto

blood agar plates and then incubated at 37oC
for 24 h. A well isolated colony was transferred
into Trypticase-soy broth (TSA) and incubated
anaerobically. Cell growth was assessed
according to the presence of turbidity. The
paper points were then transferred to TSA
broth containing Enterococcus faecalis for 10
min. Each pH group consisted of 10 test sam-
ples. The paper points were removed from the
broth and transferred to vials containing 1 mL
of the test solutions, and vials were incubated
at 37°C. After incubation, the paper points
were removed from the test solution and trans-
ferred to bottles containing a neutralizing
broth with glass beads. The contents in the
bottles were vortexed for 30 s to suspend the
microorganisms in the neutralizing broth.
Aliquots of 250 µL from the broth was serially
diluted 10-fold and 250 µL was then plated onto
blood agar plates. The plates were incubated
anaerobically at 37°C for 24 h. The number of
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colony forming units (cfu/mL) from each dilu-
tion was counted using the colony counter. The
results obtained were analyzed by Statistical
software SPSS 15.0, MedCalc 9.2.1.0 and Systat
11.0. to determine the optimal pH value (12.5)
at which Ca(OH)2 would effectively inhibit the
growth of Enterococcus faecalis. 

Results

Logarithmic non-linear regression analysis
has been carried out to find the correlation of
growth and the dilution levels for pH 7.2, pH 9,
pH 11 and pH 12.5. The statistical softwares
SPSS 15.0, MedCalc 9.2.1.0 and Systat 11.0
were used for data analysis.

Ten serial dilutions were made for each
group (Table 1). Results were:

Group I: 262 colonies of bacteria were
observed at 10–1 dilution, and bacterial growth
was also observed at 10–10 dilutions, indicating
that phosphate buffered saline was not effi-
cient in inhibiting the bacterial growth;

Group II: 181 colonies were observed at 10–1

dilution and growth was observed only up till
10–6 dilutions;

Group III: 73 bacterial colonies were
observed at 10–1 dilution and bacterial growth
was observed up till 10–4 dilutions; 

Group IV: no colony growth was observed at
the initial or further dilutions, indicating com-
plete inhibition of bacteria (Figure 1).

To summarize, inhibitory effects of different
calcium hydroxide pH groups was as follows:
GROUP IV > GROUP III > GROUP II > GROUP
I in an ascending order. 

Disscusion

Mechanical instrumentation and irrigation
are the main methods of removing bacteria
from the root canal space. In particular, irriga-
tion with antibacterial agents and placement
of intra-canal medications are essential to kill
bacteria in infected dentinal tubules and root-
canal ramifications which cannot be eliminat-
ed mechanically.4 Calcium hydroxide was cho-
sen for this study because it plays an impor-
tant role in endodontics through its ability to
induce hard tissue formation, moderate anti-
bacterial activity, and its tissue dissolving
properties.5 Its antimicrobial mechanism of
action is influenced by its speed of dissocia-
tion into calcium ions and hydroxyl ions in a
high pH environment which inhibits enzymat-
ic activities that are essential to microbial life,
i.e. metabolism, growth and cellular division.6

Athanassiadis et al. reviewed several Ca(OH)2

combinations and concluded that the choice of

which intra-canal medication to use during
endodontic treatment depends on having an
accurate diagnosis of the condition to be treat-
ed.7 Studies have demonstrated that water is
an effective carrier for calcium hydroxide, pro-
ducing a rapid dissociation of OH-and Ca+

ions. Esberrad et al. found that a mixture of
Ca(OH)2 and sterile water produced a rapid
increase in pH.8 Calcium hydroxide alters the
biological properties of bacterial lipopolysac-
charides in the cell walls of gram negative
species and inactivates membrane transporta-
tion mechanisms, resulting in cell toxicity.
The lethal effects of hydroxyl ions are probably
due to:
- damage to the cytoplasmic membrane 
- protein denaturation
- damage to DNA.9

A recognized pathogen in post-treatment
endodontic infections, E. faecalis is frequently
isolated both in mixed flora and in monocul-
tures. E. faecalis is probably the species that

can best adapt to and tolerate the ecologically
demanding conditions in the filled root canal.
Eradication of E. faecalis from the root canal
with chemo-mechanical preparation, and the
use of disinfecting irrigants and antibacterial
dressings is problematic.10 It can occupy eco-
logical niches created by the removal of other
microbes and grow in a low-oxygen environ-
ment.11 E. faecalis has certain virulence char-
acteristics including lytic enzymes, cytolysins,
aggregation substances, pheromones and
lipoteichoic acid. It has been shown to adhere
to host cells, express proteins that allow it to
compete with other bacterial cells, and alter
host responses. Evans et al. reported that E.
faecalis was resistant to Ca(OH)2 at a pH of
11.1, but unable to survive at a pH higher than
11.5.12 which is in accordance with the present
study. A dentine block model may have been
used to assess the antimicrobial effectiveness
of calcium hydroxide, as this may be more clin-
ically relevant to the known inhibitory action

Article

Table 1. Colony forming units at different serial dilutions of experimental groups.

pH levels Dilutions
of calcium 1 2 3 4 5 6 7 8 9 10 
hydoxide (10–1) (10–2) (10–3) (10–4) (10–5) (10–6) (10–7) (10–8) (10–9) (10–10)

Group 1 262 197 135 80 42 21 9 3 1 1
(control)
Group 2 181 130 84 47 23 10 0 0 0 0
(pH=9)
Group 3 73 42 25 10 0 0 0 0 0 0
(pH=11)
Group 4 0 0 0 0 0 0 0 0 0 0
(pH=12.5)

Figure 1. Growth of bacteria at different dilutions in different experimental groups. 
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of dentine on root canal medications.13 The
dilution susceptibility test, which is an effec-
tive method to evaluate the antibacterial prop-
erties of antimicrobial agents, was used. This
method allows the solution to have a direct
contact between the bacterial cells and the
agent to be tested. Such a method proves criti-
cal when evaluating the antimicrobial activity
of calcium hydroxide, which has a low solubil-
ity and diffusibility.14

Conclusions

Under the conditions of this study, we can
conclude that aqueous calcium hydroxide at pH
12.5 is very effective in killing 100% of the bac-
teria (E. faecalis). The ability of aqueous Ca
(OH)2 solution to kill the bacteria increased with
a subsequent increase in pH of the solution.

References

1. Cwikla SJ, Bélanger M, Giguère S, et al.
Dentinal tubule disinfection using three
calcium hydroxide formulations. J Endod

2005;31:50-2.
2. Chávez de Paz LE, Bergenholtz G,

Svensäter G. The effects of antimicrobials
on endodontic biofilm bacteria. J Endod
2010;36:70-7. 

3. Kayaoglu G, Erten H, Bodrumlu E, Ørstavik
D. The resistance of collagen-associated,
planktonic cells of Enterococcus faecalis to
calcium hydroxide. J Endod 2009;35:46-9. 

4. Stuart CH, Schwartz SA, Beeson TJ, Owatz
CB. Enterococcus faecalis: its role in root
canal treatment failure and current con-
cepts in retreatment. J Endod 2006;32:
93-8.

5. Fuss Z, Mizrahi A, Lin S, et al. A laboratory
study of the effect of calcium hydroxide
mixed with iodine or electrophoretically
activated copper on bacterial viability in
dentinal tubules. Int Endod J 2002;35:
522-6.

6. Gomes BP, Souza SF, Ferraz CC, et al.
Effectiveness of 2% chlorhexidine gel and
calcium hydroxide against Enterococcus
faecalis in bovine root dentine in vitro. Int
Endod J 2003;36:267-75.

7. Athanassiadis B, Abbott PV, Walsh LJ. The
use of calcium hydroxide, antibiotics and
biocides as antimicrobial medicaments in
endodontics. Aust Dent J 2007;52:S64-82.

8. Gomes BP, Ferraz CC, Garrido FD, et al.
Microbial susceptibility to calcium hydrox-
ide pastes and their vehicles. J Endod
2002;28:758-61.

9. Robert GH, Liewehr FR, Buxton TB,
McPherson JC 3rd. Apical diffusion of cal-
cium hydroxide in an in vitro model. J
Endod 2005;31:57-60.

10. Porteiner I, Waltimo TM, Happasalo M.
Enterococcus faecalis - the root canal sur-
vivor and star in post-treatment disease.
Endodontic Topics 2003;6:135-59. 

11. Roach RP, Hatton JF, Gillespie MJ.
Prevention of the ingress of a known viru-
lent bacterium into the root canal system
by intracanal medications. J Endod 2001;
27:657-60.

12. Evans M, Davies JK, Sundquist G, Figdor
D. Mechanisms involved in the resistance
of Enterococcus Antibacterial to calcium
hydroxide. Int Endod J 2002;35:221-8.

13. Haenni S, Schmidlin PR, Mueller B, et al.
Chemical and antimicrobial properties of
calcium hydroxide mixed with irrigating
solutions. Int Endod J 2003;36:100-5.

14. Siqueira JF Jr, de Uzeda M. Influence of
different vehicles on the antibacterial
effects of calcium hydroxide. J Endod 1998;
24:663-5.

Article

Non
-co

mmerc
ial

 us
e o

nly




