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ABSTRACT

Introduction: The primary aetiology of chronic periapical abscesses, including E. faecalis, S. mutans, S.
sanguinis, and P. gingivalis, can be eliminated using intracanal medicaments such as calcium hydroxide.
The purpose of this study was to determine the minimum inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC) value of calcium hydroxide paste in the vulnerable initial 7-day of
treatment against E. faecalis ATCC 29212, S. mutans ATCC 25175, S. sanguinis ATCC 10556, and P. gingivalis
ATCC 33277. Methods: An in-vitro laboratory experiment using a spectrophotometer as a microdilution
method was conducted to determine bacteria’s MIC and MBC values on calcium hydroxide paste. The
sample used in this study was four bacteria using intracanal medicament of calcium hydroxide (Ca(OH)2),
incubated for seven days at 37°C, and then bacterial growth was observed. The cell inhibition percentage
was calculated using optical density measurements to determine the MIC value. The low MIC and MBC
were defined as sensitive bacteria to calcium hydroxide. Results: Calcium hydroxide paste against E.
faecalis (ATCC 29212) with MIC values at a concentration of 750 pg/ml and MBC values at a concentration
of 96,000 pg ml; S. mutans (ATCC 25175) with MIC value at a concentration of 3,000 ug/ml and MBC value
at a concentration of 48,000 ug/ml; S. sanguinis (ATCC 10556) with MIC value at a concentration of 3,000
ug/ml and MBC value at a concentration of 6,000 ug/ml; P. gingivalis (ATCC 33277) with MIC value at a
concentration of 6,000 ug/ml and MBC value at a concentration of 48,000 ug ml. Conclusions: Calcium
hydroxide can inhibit bacterial growth activity. E. faecalis (ATCC 29212) and S. sanguinis (ATCC 10556)
are more sensitive to calcium hydroxide paste than other bacteria, with the lowest MIC and MBC on seven
days of incubation since the maximum calcium and hydroxyl ions are released.
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INTRODUCTION

Many Indonesians tend to see a dentist when they
already have minor or severe dental problems. A
survey conducted by Rahardjo et al." stated that
pulp and periapical disease are the eighth most
common diseases found in hospitals. One of the
periapical diseases often found is a periapical
abscess."

A periapical abscess is an inflammatory
disease that occurs in periapical tissue. This
condition is caused by a necrotic tooth which
becomes an accumulating place for bacteria. This
inflammation starts from the reaction that occurs
in the pulp and spreads to the periapical tissue
through the apical foramen. Inflammation started
because of the accumulation of bacteriain the pulp,
causing tooth pain and even necrosis. The necrotic
tooth will trigger immune cells to kill bacteria
so that it forms pus formation characterised by
the high number of PMN cells, necrotic tissue,
and dead bacterial cells. A periapical abscess is
divided into acute (symptomatic) and chronic
(asymptomatic).>* Chronic periapical abscess is
a persistent inflammation that is asymptomatic
or has no symptoms caused by polymicrobial
infections with large numbers of bacteria.??

Based on culture and molecular studies
conducted by Siqueira et al.,> periapical abscess
microbiota is a mixed bacteria dominated by
anaerobic bacteria. Streptococcus spp. is the
highest prevalence bacteria isolated from
dentoalveolar abscesses, including periapical
abscesses. Among Streptococcus spp., S. sanguinis
(6.6%) and S. mutans (10%) were found as the
causes of periapical abscesses. In addition,
it was also found that P gingivalis (59%) and
E. faecalis (5%) in root canals with periapical
abscesses. Gram-positive bacteria in cocci, such
as S. mutans, S. sanguinis, and E. faecalis, grow
in facultative anaerobic conditions, where they
use oxygen for growth but can independently use
the adenosine triphosphate (ATP) fermentation
process when oxygen in the tissue is low. Other
bacteria that cause chronic periapical abscesses
are P gingivalis bacteria, obligate anaerobic
gram-negative bacteria in the form of immobile
Coccobacilli, which cannot survive without oxygen
and are often becoming the main cause of disease
in the oral cavity. %689

The treatment procedure for pulp and
periapical diseases based on the American
Association of Endodontists is endodontic
treatment with two visits, where intracanal
medicament will be given at the first visit on the
treatment that functions as antimicrobials for
limiting bacterial growth and as a disinfectant and
in the second visit the intracanal medicament will
be observed to see if the intracanal medicament
works, then the procedure will be continued with
the obturation on the pulp.?”

Intracanal medicament often used in
endodontic treatment is calcium hydroxide
(Ca(OH),). Calcium hydroxide is an odourless
powder, paste, or gel, which is used as
an intracanal medication in non-surgical
conventional endodontic procedures. Calcium
hydroxide has a high pH to increase the activity
of alkaline phosphatase, which is one of the
tooth elements for the mineralisation process
that can effectively kill microbes by releasing
hydroxyl ions to denature bacterial DNA. Calcium
hydroxide, often used in dentistry, is in paste
because of its easy use and good adaptation to
tissue. One of the calcium hydroxide materials
often used is UltraCal XS (Ultradent™) in a 1.2
ml syringe with good radiopacity and pH 12.5. Its
composition consists of 41% water, 35% calcium
hydroxide, 19% barium sulfate, 3% propylene
glycol, and 2% methylcellulose. Calcium hydroxide
paste (UltraCal XS) has an outstanding release of
hydroxyl ions and calcium ions due to its high
pH. Calcium hydroxide releases the hydroxyl and
calcium ions as an antimicrobial, where the ions
denature bacterial DNA, which causes the bacteria
to die. The full release of ions occurs for seven
days.27:2"

The effectiveness of intracanal medicament
as an antibacterial agent can be determined by the
minimum inhibitory concentration (MIC) and the
minimum bactericidal concentration (MBC). MIC
defines as the lowest concentration of agents that
inhibit the growth of bacteria, while MBC defines
as the lowest concentration of an agent that can
kill bacteria or bactericidal agents. MIC and MBC
can be measured by measuring the turbidity or
optical density (OD) at the specific wavelength
using a spectrophotometer when mixing the
bacteria and calcium hydroxide as an agent to
observe the density of bacteria in solution.??2223
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On the seventh day, the hydroxyl ions will
begin to diffuse into the dentinal tubules and
cause changes in the permeability of the dentin.
This diffusion causes an increase in pH that induces
the neutralisation of lactic acid in the tooth in the
dentin tubules, thereby changing the integrity
of the bacterial cytoplasmic membrane through
the toxic effect produced in nutrient transfer.?
Research conducted by Grover et al.? stated that
calcium hydroxide is effective as an antimicrobial
for 7 to 15 days to eliminate and/or reduce the
number of bacteria remaining after biomechanical
preparation. However, Sabrah et al.® declared
that “The MIC and MBC values for Ca(OH)2 were
1:10 (1.6 mg/mL) for E. faecalis and 1:80 (0.2 mg/
mL) for P. gingivalis. However, no MIC and MBC
values for Ca(OH)2 were obtained in this study,
which suggests a poor antimicrobial activity of
the medicament”; therefore, the author considers
calcium hydroxide is not very good at inhibiting
bacteria based on its MIC and MBC values. The
controversy and the purpose of this study are
to analyse the effectivity of calcium hydroxide
medicament against bacteria that cause a chronic
periapical abscess in the vulnerable initial seven
days of endodontic treatment by calculating the
bacteria’s MIC and MBC values.

METHODS

The current study was an experimental laboratory
using the microdilution method by determining
the value of minimal inhibitory concentration
(MIC) and minimum bactericidal concentration
(MBC). This type of study was chosen because both
sample and control were controlled, measured,
and the influence of the control can be trusted.’

The sample used in this study was four
samples for each bacteria using intracanal
medicament of calcium hydroxide (Ca(OH),) with
various concentrations, namely 192.000, 96.000,
48.000, 24.000, 12.000, 6.000, 3.000, 1.500, 750,
375, 187, 94 pg/mL with twice repetitions based
on the Federer formula and incubated for seven
days in 37°C. The controlled variables used in
this study were sterile aquadest as solvents of
calcium hydroxide. The research procedure stages
were medium preparation, bacterial preparation,
sample preparation and antibacterial testing.
Therefore, the optical density measurement of
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the media, solvents, drug samples, and bacteria
is measured using a spectrophotometer with
a wavelength of 600nm. The formula's optical
density values are used to get the MIC value using
cell inhibition percentage.

The percentage of cell inhibition was
obtained from the reduction between the optical
density of solvent and bacterial media. Then divide
by the optical density of the bacterial media, and
multiply by one hundred percent.

The MIC value can be measured by
determining the percentage of bacterial inhibition
calculated by the optical density formula shown
from the spectrophotometer. In contrast, the MBC
procedure was calculated by taking a bacterial
preparation from a percentage showing on the
MIC value result, then the bacteria preparation
was taken using oese, and then the bacteria
was scratched on the MHA agar plate. The agar
plate was incubated for 24 hours and observing
the bacterial development in the agar plate. MBC
values are claimed in which concentration there
is no bacterial growth seen in the agar plate
measured using a colonymeter. The lower MIC and
MBC are defined as sensitive bacteria to calcium
hydroxide.

RESULTS

The effectiveness of calcium hydroxide pastes
UltraCal XS against E. faecalis ATCC 29212, S.
mutans ATCC 25175, S. sanguinis ATCC 10556, and
P. gingivalis ATCC 33277 was measured using a
spectrophotometer in order to observe the value
of the minimum inhibitory concentration (MIC)
and the minimum bactericidal concentration
(MBC). The controlled substance used was sterile
aquadest as a solvent for calcium hydroxide paste.

Antibacterial calcium hydroxide test against E.
faecalis

To determine the MIC value of calcium hydroxide
against E. faecalis (ATCC 29212), the antibacterial
test was conducted using a microdilution method
with repeated dilution, starting at a 192,000 pg/
ml concentration. The average absorbance value
of each repeated dilution treatment was input to
the cell inhibitory percentage formula—the data
of turbidity values and percent cell inhibition
values of calcium hydroxide against E. faecalis.
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The percentage value of bacterial inhibition
of calcium hydroxide is graphed to observe at
which concentration has a significant increase
in the percentage of cell inhibition to obtain the
MIC value of calcium hydroxide paste against
E. faecalis. For example, the percentage of E.
faecalis inhibition against calcium hydroxide can
be seen in Figure 1 at a concentration of 750 ug/
ml, and a significant percentage begins to occur
by evaluating the increase of cell inhibition value.

92 000 96,000 48,000 24000 12,000 6,000

The antibacterial test was continued by
observing the value of MBC through a visual
observation on the bacterial culture, to determine
at what concentration of calcium hydroxide was
able to kill the E. faecalis. The MBC value was
determined based on the visual observations, as
presented in Figure 2, which appeared to look
clean without any bacterial colonies growing at the
96,000 pg/ml and 192,000 pg/ml concentrations
consecutively.

3.000 1,500

s "o ncentr &ion (mg/mi)

Figure 1. The percentage value of E. faecalis inhibition of calcium hydroxide. The X-axis is the concentration of calcium
hydroxide, and Y-axis is the percentage of E. faecalis cell inhibition

Figure 2. Two replicated of the MBC values of calcium hydroxide against E. faecalis: a) The first medium looked clean
without any bacterial colonies growing starting at the lowest concentrations of 96,000 pg/ml; b) The second medium also
looked clean without any bacterial colonies growing at the same concentrations as the first medium

Antibacterial calcium hydroxide test against S.
Mutans

The MIC value against S. mutans (ATCC 25175),
was determined with a microdilution method
was performed with repeated dilution starting
at a 192,000 pg/ml concentration. The average
absorbance value of each treatment was input to
the cell inhibitory percentage formula—the data
on turbidity values and percent inhibitory value of
cells from calcium hydroxide against S. mutans.

The percentage value of bacterial inhibition
of calcium hydroxide is graphed to determine at
which concentration has a significant increase in
the percentage of cell inhibition to obtain the
MIC value of calcium hydroxide paste against
S. mutans. For example, the percentage of S.
mutans inhibition against calcium hydroxide can
be seen in Figure 3 at a concentration of 3,000 ug/
ml, and a significant percentage begins to occur
by evaluating the increase of cell inhibition.
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Figure 3. The percentage value of S. mutans inhibition of calcium hydroxide. The X-axis is the concentration of

calcium hydroxide, and Y-axis is the percentage of S. mutans cell inhibition

bacterial colonies growing start at the lowest concentrations of 48,000 pg/ml; b) The second medium also lok clean without
any bacterial colonies growing at the same concentrations as the first medium

The antibacterial test was continued
by observing the value of MBC by visuals in
culture to find out at what concentration of
calcium hydroxide can kill S. mutans bacteria.
The MBC values based on visual observations
in Figure 4 appear clean without any bacterial
colonies growing at concentrations of 48.000
pg/ml, 96.000 pg/ml, and 192.000 pg/ml.

Antibacterial calcium hydroxide test against S.
sanguinis

To determine the MIC value of calcium
hydroxide against S. sanguinis (ATCC 10556), the
antibacterial test used a microdilution method
with repeated dilution starting at a concentration
of 192.000 pg/ml. The average absorbance
value of each treatment was input to the cell
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inhibitory percentage formula—the data on
turbidity values and percent inhibitory value of
cells from calcium hydroxide against S. sanguinis.

The percentage value of bacterial inhibition
of calcium hydroxide is graphed to observe at
which concentration has a significant increase
in the percentage of cell inhibition to obtain the
MIC value of calcium hydroxide paste against S.
sanguinis. For example, the percentage of S.
sanguinis inhibition against calcium hydroxide can
be seen in Figure 5 at a concentration of 3,000
pg/ml, and a significant percentage begins to
occur by evaluating the increase of cell inhibition.

The antibacterial test was continued by
observing the value of MBC by visuals in culture to
find out at what concentration of calcium hydroxide
cankill S. sanguinis bacteria. The MBC values based
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on visual observations in Figure 6 appeared clean
without any bacterial colonies growing starting

192,000 96,000 48,000 24,000 12,000 6,000

at concentrations of 6.000 pg/ml, 24.000 pg/ml,
48.000 pg/ml, 96.000 pg/ml, and 192.000 pg/ml.

2
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Figure 5. The percentage value S. sanguinis inhibition of calcium hydroxide. The X-axis is the concentration of
calcium hiydroxide, Y-axis is the percentage of S. sanguinis cell inhibition

Figure 6. The MBC values of calcium hydroxide against S. sanguinis: (a-b) Both of the medium look clean without any
bacterial colonies growing start at the lowest concentrations of 6000 pg/ml.

Antibacterial calcium hydroxide test against P.
gingivalis
To determine the MIC value of calcium
hydroxide against P. gingivalis (ATCC 33277), the
antibacterial test used a microdilution method
with repeated dilution starting at a concentration
of 192.000 pg/ml. The average absorbance
value of each treatment was input to the cell
inhibitory percentage formula—the data on
turbidity values and percent inhibitory value of
cells from calcium hydroxide against P. gingivalis.
The percentage value of bacterial inhibition
of calcium hydroxide is graphed to observe at
which concentration has a significant increase

in the percentage of cell inhibition to obtain the
MIC value of calcium hydroxide paste against P
gingivalis. For example, the percentage of P
gingivalis inhibition against calcium hydroxide can
be seen in Figure 7 at a concentration of 6,000
pg/ml, where a significant percentage begins to
occur by evaluating the increase of cell inhibition.

The antibacterial test was continued by
observing the value of MBC by visuals in culture to
find out at what concentration of calcium hydroxide
can kill P. gingivalis. The MBC values based on visual
observations in Figure 8 appeared clean without
any bacterial colonies growing at concentrations of
48.000 pg/ml, 96.000 pg/ml, and 192.000 pg/ml.

21



Padjadjaran Journal of Dentistry. 2022; 34(1): 16-25.

[ ]

A2 000 24000 12000 G000 3

s o nCerntr aion (mg/mi

Figure 7. The percentage value of P. gingivalis inhibition of calcium hydroxide. The X-axis is the concentration of
calcium hiydroxide, and Y-axis is the percentage P. gingivalis of cell inhibition

Figure 8. The MBC values of calcium hydroxide againts P. gingivalis: a) The first medium look clean without any bacterial
colonies growing start at concentrations of 48,000 pug/ml; b) The second medium also look clean without any bacterial
colonies growing start at concentrations 24,000 pg/ml.

Table 1. The MIC and MBC values from calcium hydroxide paste

Paste preparation of calcium hydroxide

Bacteria

MIC (pg/ml) MBC (pg/ml)
E. faecalis 750 96,000
S. mutans 3,000 48,000
S. sanguinis 3,000 6,000
P. gingivalis 6,000 48,000

DISCUSSION

The percentage graph of inhibition of bacterial
growth based on the MIC values in Figures 1, 3,
5, and 7, also based on the MBC values in Figures
2, 4, 6, and 8, show that calcium hydroxide could
inhibit bacterial growth activity and kill bacteria
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following the research conducted by Grover et
al.® that calcium hydroxide is effective as an
antibacterial in 7 days. This experimental study
also obtained that calcium hydroxide can inhibit
bacterial growth activity and kill bacteria seen
from the MIC value. The MBC visual result which E.
faecalis (ATCC 29212) and S. mutans (ATCC 25175)
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has the lowest MIC value at a concentration of
750 pyg/ml, and S. sanguinis (ATCC 10556) has the
lowest MBC value at a concentration of 6.000 ug/
ml. Sabrah et al.’ said that “The MIC and MBC
values for Ca(OH), were 1:10 (1.6 mg/mL) for E.
faecalis and 1:80 (0.2 mg/mL) for P gingivalis.
However, no MIC and MBC values for Ca(OH),
were obtained in this study, which suggests a poor
antimicrobial activity”. Besides the results given
priorly, we saw that for E. faecalis, the MIC and
the MBC values were 0.75 mg/mL and 96 mg/mL.

Gram-positive bacteria such as E. faecalis,
S. mutans, S. sanguinis, and gram-negative
bacteria such as P. gingivalis can cause virulence
factors by forming biofilms, which produce
lipoteichoic acid as a toxic enzyme which form an
attachment to the bacteria that caused resistance
effects to disinfectants, antibiotics, and immune
responses.’” Calcium hydroxide can inhibit
biofilms by damaging or modifying the structure
of lipoteichoic acid through the deacylation
process of its lipid components by releasing
hydroxyl ions to produce an alkaline to make the
acid environment so calcium hydroxide cannot
stimulate the production of alpha tumour necrosis
factor (TNF-q).%10"

Calcium hydroxide paste (UltraCal XS™)
release a high amount of calcium and hydroxyl
ions with special antimicrobial effects (UltraCal
XS™) contains propylene glycol, which facilitates
the solution to penetrate through the root canal.
According to Grover et al.?, propylene glycol can
easily penetrate through the apical foramen,
where the solution can penetrate through the
dentinal tubules better than aquadest as a solvent
because of its hygroscopic effects, high molecular
weight (76.09), and lower surface tension also
propylene glycol has an antibacterial effect
against anaerobic bacteria.'>'5" According to
Suneeth et al.?, propylene glycol has shown a
strong antibacterial action in the root canal when
used as much as 20%, making it an ideal mixture
and having no toxic effects on its tissues.®

Aquadest as a solvent for calcium hydroxide
did not play an essential role in the antimicrobial
effect because there was no change in the research.
However, aquadest supports calcium hydroxide to
pass and spread well into dentinal tubules and
root canals in line with the research conducted
by Grover et al.? that when calcium hydroxide is

mixed with aquadest, calcium and hydroxyl ions
will be released immediately so that it affects
the pH increase in the tissue even though it does
not last for a long time.® Furthermore, calcium
hydroxide material requires a solvent in the form
of aquadest because of its high solubility and easy
application of calcium hydroxide medicament to
pass and spread well into the tubules and root
canals.®"

The results showed that E. faecalis was
more sensitive to calcium hydroxide compared
to other bacteria based on the MIC value and
the visual overview from the MBC results; this
might be because, in this study, the method was
in vitro where calcium hydroxide was in direct
contact with bacteria on a 96-well microplate and
bacteriological agar without any obstacle like in
the real tooth such as microporosity in the dentin.
In clinical conditions, it is quite difficult to use
calcium hydroxide to kill E. faecalis. The size of
E. faecalis is about 0.5-1 pm, while the dentinal
tubules' porosity is around 4.41 pm. So they can
enter the deepest part of the dentinal tubules. In
addition, E. faecalis is a viable but non-culturable
(VBNC) bacteria, which is a bacteria that can
survive but not multiply. so that in this study, it
is seen that the growth of sensitive E. faecalis
is inhibited by calcium hydroxide, although its
minimum killing concentration (MKC) occupies the
highest position.'-121°

CONCLUSIONS

Calcium hydroxide can inhibit bacterial growth
activity. E. faecalis (ATCC 29212) and S. sanguinis
(ATCC 10556) are more sensitive to calcium
hydroxide paste than other bacteria, with the
lowest MIC and MBC on seven days of incubation
since the maximum calcium and hydroxyl ions are
released.
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