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INTRODUCTION
Biofilm infection of the root canal 
system (RCS) accounts for almost 
all cases of apical periodontitis. 
Biofilms are complex aggregates 
of microorganisms attached to a 
surface and in which the micro-
organisms are embedded in a ma-
trix of self-produced extracellular 
polymeric substances. In most 
biofilms, the matrix consists of 
over 90% of the dry mass. The ma-

trix protects organisms against desiccation, biocides, some antibiotics, host immune defenses, etc. 
(1). These biofilms play an essential role in the creation and maintenance of periapical lesions by 
both the production of products that are responsible for tissue breakdown and the stimulation of 
the immune system resulting in an inflammation that needs to be treated.

An important aspect of root canal treatment is to disinfect the RCS by removal of infected tis-
sue using rotating instruments followed by irrigation of an disinfecting agent such as sodium 
hypochlorite (NaOCl). It is well-known, however, that bacteria remain in the canal space after this 
instrumentation and irrigation. Thus, many clinicians use a calcium hydroxide (Ca(OH)2) paste as a 
temporary root canal dressing to gain additional disinfection and to prevent regrowth of remain-
ing bacteria in between two treatment sessions (2, 3).

The use of Ca(OH)2 is somewhat questionable. Bacteria can still be recovered from root canals after 
endodontic treatment with Ca(OH)2 (4). Also, in in-vitro biofilm studies, the disinfecting efficacy of 
Ca(OH)2 seems to be limited (5, 6). Moreover, the complex anatomy of the RCS hinders disinfect-
ing agents from penetrating the entire pulpal space and in a histological study residual biofilms 
were found in niches of the RCS after Ca(OH)2 (7). Therefore, it is interesting to study the effect of 
Ca(OH)2 on residual biofilms.

• Enterococcus faecalis is not genetically affected by 
calcium hydroxide.

• Calcium hydroxide does not induce resistance 
of Enterococcus faecalis against disinfection sub-
stances such as sodium hypochlorite.

• It is expected that, after the application calcium hy-
droxide as a root canal dressing, bacteria can still 
be disinfected with sodium hypochlorite.

HIGHLIGHTS

Objective: To investigate the influence of calcium hydroxide (Ca(OH)2) on susceptibility to disinfection with 
sodium hypochlorite (NaOCl) of biofilm bacteria.
Methods: Monospecies biofilms of eight Enterococcus faecalis strains were subjected to a 2-h challenge with 
Ca(OH)2. After a recovery phase, the biofilms were treated with a concentration of NaOCl that was lower than 
the minimum inhibitory concentration. In a metabolic assay, the efficacy of NaOCl disinfection in Ca(OH)2-
challenged biofilms and unchallenged biofilms was evaluated. The data were analyzed with Mann-Whitney 
U and Kruskall- Wallis tests. A P value of less than 0.05 was considered statistically significant.
Results: There were marginal differences in susceptibility to NaOCl among the E. faecalis strains. After the 
Ca(OH)2 challenge, seven strains remained equally susceptible to NaOCl disinfection whereas one strain be-
came more resistant to NaOCl (P=0.03).
Conclusion: After a Ca(OH)2 challenge, in general E. faecalis remained equally susceptible to disinfection with 
NaOCl.
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oral rinses and were kindly provided by Christine Sedgley (18). 
Strains ER3/2s and ER5/1, which have not been published be-
fore, also originated from the Sedgley lab and were isolated 
from orthograde retreatment. Strain V583 (ATCC700802) was 
used as reference strain. All strains were maintained in stocks 
at -80oC, and fresh cultures were obtained by the addition of 
500 μL of frozen stock culture to 5 mL semi-defined medium 
supplemented with yeast +0.36% glucose and incubation of 
6 h in an anaerobic jar (80% N2, 10% H2 and 10% CO2) at 37oC 
(16). By initial optical densities at 600 nm (OD600) at culture 
density 0.8 (Spectramax M2, Sunnyvale, CA, USA) the cultures 
were in a late log phase and contained approximately 5´ 108 
cells mL-1. After 1:100 dilution with BMS, 200 μL of this inoc-
ulant was dispersed per well of a 96-well microtiter plate and 
the plate was covered with the TSP lid. The medium was re-
freshed after 18 h. After 24 h, the TSP lid with adhered biofilms 
was transferred to a 96-well plate with 200 μL well -1 BMS or 
10% Ca(OH)2 (E. Merck, Darmstadt, Germany) (weight/vol-
ume, w/v) in BMS (slurry), pH 12.6 for 2 h. Subsequently, the 
biofilms were washed twice in 200 μL phosphate buffered 
saline (PBS) and transferred to BMS for an overnight recovery 
of the biofilms at 37oC anaerobic. Shortly before the final treat-
ments, the free available chlorine concentration of the NaOCl 
(Orphi Farma, Lage Zwaluwe, The Netherlands) was verified 
with an iodometric titration procedure and NaOCl was diluted 
in demineralized water to obtain 1 or 10 ppm solutions of ac-
tive chlorine (19). 1 ppm NaOCl appeared to be a sub-bacteri-
cidal dose for these particular biofilms and therefore suitable 
for detecting a possible difference between the groups. When 
the bio-films were 42-h old, they were treated for 5 min in a 96 
wells plate that contained 1 or 10 ppm NaOCl 210 μL in each 
well. Then, NaOCl was neutralized for 5 min with 1% sodium 
thiosulphate (Merck) in 2% buffered peptone water (BPW; Ox-
oid, Basingstoke, UK) after which the biofilms were washed 
twice in PBS. The negative control group was treated with PBS. 
Sterile pegs were included to determine the background mea-
surement. Subsequently, the pegs were immersed in 0.016 mg 
mL-1 resazurin (Sigma-Aldrich, St. Louis, MO, USA) in BMS and 
incubated at 37°C in air. Metabolic activity was determined by 
measuring the fluorescence intensity (FI) of each well, which 
was recorded at room temperature in a flu-fluorimeter (Spec-
tramax M2; Molecular Devices, Sunnyvale, CA) using 485-nm 
excitation and 580-nm emission wavelengths. Readings were 
taken at 3 h. For an overview of the culturing and handling of 
the biofilms see Figure 1. Each experiment was performed in 
duplo and the assay was repeated on two separate occasions. 
The average background measurement was substracted from 
the FI readings, which were then averaged.

Previously, it was shown that Ca(OH)2 causes changes in the 
configuration of the biofilm matrix (6, 8). Enterococcus faecalis 
has been associated with failed endodontic treatments (9). 
One study reported that E. faecalis still formed biofilms in the 
presence of Ca(OH)2 and that the bacteria were encompassed 
in an even denser matrix. Moreover, approximately 90% of 
these cells were viable (8). Another study showed that a dense 
flocculation occurred in dual-species biofilms of E. faecalis and 
Pseudomonas aeruginosa after a treatment with Ca(OH)2. Also, 
there was only a factor 100 reduction of viable cells in these 
biofilms, which contained on average 3×108 cells (6). It has 
also been reported that E. faecalis can produce more biofilm 
mass and protein in response to high pH or sub-inhibitory 
doses of antimicrobials (10, 11).

From the literature we know that calcium, which is released 
when Ca(OH)2 is solubilized in water, stimulates the formation 
of extracellular polysaccharides (EPS) and that it increases the 
yield strength of biofilms (12, 13). Plus, a high pH favors the 
uptake of calcium in the EPS (14).

The above-mentioned in-vitro observations combined with 
the clinical findings support the theory that Ca(OH)2 may stim-
ulate the formation of a more dense biofilm of E. faecalis that 
may be less sensitive to disinfection in a subsequent treat-
ment session. The formation of a dense matrix or an increase 
in the coherence of the biofilm matrix can protect the bacteria 
from disinfecting measures. Also, the genetic makeup of the 
bacteria may be altered by Ca(OH)2 (15). Until now, no liter-
ature is available on inadequate Ca(OH)2 treatments and the 
possible effects on the susceptibility to disinfection of the re-
maining biofilm bacteria. Therefore, the aim of this study was 
to investigate the influence of calcium hydroxide (Ca(OH)2) 
on the susceptibility of biofilm bacteria to disinfection with 
sodium hypochlorite. The null-hypothesis of this study was 
that Ca(OH)2 treatment of E. faecalis strains in an active attach-
ment biofilm model does not induce changes in the sensitivity 
of these biofilms to NaOCl resulting in a more resistant biofilm.

MATERIALS AND METHODS

Approval
The ethical committee of Academic Centre Dentistry Amster-
dam, ACTA, confirmed that the Medical Research Involving 
Human Subjects Act (WMO) did not apply to this study and 
that this study was performed according to the ethical guide-
lines at ACTA. The reference number is 2017036Waal.

Medium
Biofilms were grown in modified semi-defined broth, pH 7.1, 
with 0.2% sucrose (BMS) whose composition has been previ-
ously published (16).

Biofilm growth, treatment and resazurin metabolism 
The resazurin metabolism assay and the model have been 
described previously (17). It consists of a standard 96-well mi-
crotiter plate and a lid with 96 polystyrene pegs that fit into 
the wells (TSP; Nunc, Roskilde, Denmark).

The origins of the E. faecalis strains can be found in Table 1. E. 
faecalis strains E1, E2, E3, AA-OR34 and OS16 originated from 

TABLE 1. Origins and sources of the employed E. faecalis strains. 

Strain name Origin Source Reference

E1 oral rinse Sedgley (18, 27)
E2 oral rinse Sedgley (18, 27)
E3 oral rinse Sedgley (18, 27)
AA-OR34 oral rinse Sedgley (18, 28)
ER3/2s orthograde retreatment Sedgley (18)
ER5/1 orthograde retreatment Sedgley (18)
OS16 oral rinse Sedgley (18, 29)
V583 Lab strain Sahm (30)
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test the median of multiple groups. A P value of less than 0.05 
was considered significant.

RESULTS
There were significant differences in the susceptibility to Na- 
OCl between the individual strains of E. faecalis: strain ER5/1 
was the least susceptible, whereas AA-OR34 was the most sus-
ceptible (Fig. 2). These differences were independent of the use 
of Ca(OH)2.

On the whole, E. faecalis biofilms that had been exposed to 
Ca(OH)2 were equally susceptible to NaOCl disinfection as 
the control biofilms (P=0.343). However, when evaluating the 
strains individually, E. faecalis OS16 was less susceptible to Na- 
OCl disinfection (P=0.03) (Figure 2).

DISCUSSION
The aim of the present study was to investigate whether sus-
ceptibility to disinfection by NaOCl of E. faecalis biofilms would 
change after treatment with Ca(OH)2. The current results show 
that, after Ca(OH)2 treatment, the majority of the tested strains 
remained equally susceptible to disinfection with NaOCl. One 
strain, OS16, became significantly less susceptible and none of 
the strains became more susceptible to NaOCl disinfection. The 
reference strain, V583, was not different from the oral clinical 
isolates. The null-hypothesis was therefore accepted.

Although, the current model does not resemble the clini-
cal situation, it was specifically designed to investigate our 
fundamental question about the behavior of E. faecalis af-
ter Ca(OH)2 treatment. E. faecalis is a bacterial species often 
encountered as a recalcitrant organism in unsuccessful root 
canal treatments. It is well-studied in laboratory experiments 
and, because of its tenacity, is often used as a target organ-
ism in disinfection experiments. It is known to survive high 
pH (6, 8, 10, 20). The presence of calcium stimulates the for-
mation of EPS in E. faecalis biofilms and this may help bac-
teria within these biofilms to survive certain antimicrobial 
conditions (12).

The biofilms were grown on an inert substrate (polystyrene 
pegs) to exclude any possible interference of dentine. Low 
sub-inhibitory concentrations of NaOCl were used because 
the susceptibility of E. faecalis before and after Ca(OH)2 appli-
cation cannot be measured with clinically applicable NaOCl 
concentrations. Prior to the current study, sub-bactericidal 
concentrations and incubation-time of Ca(OH)2 and NaOCl 
were established for these E. faecalis biofilms. In a previous 
study, a saturated slurry of 10% Ca(OH)2 at pH 12.5 was shown 
to be a non-inhibitory concentration in biofilms. Since the sol-
ubility constant of Ca(OH)2 at room temperature is 1.85 g L-1, 
an active concentration of approx. 0.2% OH- can be obtained. 
Commercial Ca(OH)2 pastes/slurries are sold at higher concen-
trations (30-35%) but will result in a similarly saturated active 
concentration of 0.2%. The sub-inhibitory treatment of NaOCl 
was determined at 5 min 1 ppm, which appeared to be a lit-
tle higher than previously found in similar biofilms (21). If this 
model is to be employed for investigating the susceptibility 
of dual- or multi-species biofilms, the concentration of NaOCl 
will need to be adjusted depending on the type of species and 
the age of the biofilms (22). It can be argued that these low 

Statistical analysis
All data were analysed using statistical analysis software (SPSS 
Version 21, IBM Corp.; Armonk, NY, USA). The data were not 
normally distributed and therefore were non-parametrically 
tested. Mann Whitney U tests were used to calculate differ-
ences between groups, while a Kruskal-Wallis test was used to 

1:100 diluted 
Log-phase cells in 
96-wells plate with 
TSP lid

Incubation 24 h at 37oC 
anaerobic Medium 
refresh after 18 h

Incubation 16 h at 
37oC anaerobic with 
BMS medium

Incubation with 
10% Ca(OH)2 in 
BMS 2 h at 37oC

Rinse twice 
with PBS

Incubation 5 min with 
NaOCI, 1 or 10 ppm

Neutralization and 
wash steps

Fluorescence measurements

Incubation 
with re-
sazunin 3 h at 
37oC aerobic

Figure 1. The treatment scheme of the viability assay in which biofilms 
were exposed to calcium hydroxide (Ca(OH)2) and were subsequently 
treated with sodium hypochlorite (NaOCl)

Figure 2. Metabolic activity of various Enterococcus faecalis strains 
without or with pre-treatment with calcium hydroxide and after a 
5-min treatment with 1 or 10 ppm sodium hypochlorite. The controls 
were treated with phosphate buffered saline. Only one strain, E. faecalis 
OS16 (marked with a star), became less susceptible to NaOCl after a 
pretreatment with Ca(OH)2 (P= 0.03). Error bars represent standard 
error of the mean. The individual strains are arranged from least suscep-
tible to NaOCl (left) to most susceptible to NaOCl (right). Differences 
in susceptibility between strains is shown with the bars depicted above 
the graph
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The current findings are clinically relevant because, after the 
application of Ca(OH)2, there are often residual bacteria. Also, 
E. faecalis is often found in such secondary infections. This 
study has, however, demonstrated that the implications of an 
inefficient treatment with Ca(OH)2 may be minor (27-30).

CONCLUSION
The current results indicate that, after a challenge with Ca(OH)2, 
one of eight E. faecalis strains became less susceptible to disin-
fection. However, when using a higher dose of 10 ppm NaOCl, 
this strain was also inactivated. Seven of eight strains of E. fae-
calis remained equally susceptible to disinfection with NaOCl. 
Therefore, it appears that, in general, Ca(OH)2 does not affect 
the susceptibility of E. faecalis to NaOCl.
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