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Introduction 
Elimination of root canal bacteria is a  

perquisite for a successful root canal  

treatment. To achieve this goal, a combination 

of mechanical and chemical irrigation is  

necessary [1]. However, not all bacteria are 

eliminated through chemomechanical  

preparation, and some species can survive in 

inaccessible areas of the canal such as delta, 

isthmi and dentinal tubules [2]. Application of 

inter-appointment canal medicaments may 

help to decrease these persistent bacteria [3].  

Evidence shows that bacterial elimination 

may be achieved by the application of calcium 

hydroxide (CH) as an intra-canal medicament 

[1]. First suggested by Hermann in 1920, CH is 

the most commonly used medicament due to 

its denaturizing effects on proteins as well as 
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 Abstract  

Background and Aim: This study aimed to assess the effect of  

calcium hydroxide (CH) in combination with betamethasone or 
ciprofloxacin on Enterococcus faecalis (E. faecalis) biofilm.   

Materials and Methods: This ex vivo experimental study was  
conducted on 95 single-rooted human teeth. The root canals were 
prepared and inoculated with E. faecalis. The samples were  
incubated for 8 weeks, and biofilm formation was confirmed by  
observation of 2 samples under a scanning electron microscope 
(SEM) and culture in 3 samples. The remaining samples were divided 
into three groups (n=30): CH + betamethasone eye drop, CH + 

ciprofloxacin eye drop, and CH + saline. Microbial analysis was  
performed at 1, 7 and 10 days. The colony count was measured. 
Comparisons were made by two-way ANOVA and a post-hoc test  
using SPSS. 
Results: On day 1, the highest colony count was observed in CH + 
saline group. The difference in colony count between CH + ciproflox-
acin and CH + betamethasone, and the difference between CH +  

betamethasone and CH + saline were not significant at days 7 and 

10. CH + ciprofloxacin showed significantly lower colony count than 
CH + saline at 1 (P=0.001), 7 (P=0.004) and 10 (P=0.002) days. 
Conclusion: The result of this study showed that betamethasone 
and ciprofloxacin were appropriate carriers for CH and resulted in 
suitable antibacterial effects against E. faecalis.  
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its antimicrobial qualities that are believed to 

be due to its very high pH resulting from the 

dissociation of hydroxyl ions. Water must be 

present for the antimicrobial effect of CH [4]. 

The dissociation of CH particles allows the  

diffusion of hydroxyl and calcium ions through 

the dentinal tubules [5]. The high pH promotes 

microbial inhibition through an irreversible 

enzymatic reaction [6]. Not only does calcium 

act by clearing the carbon dioxide used by  

bacteria for anaerobic respiration [7], but also 

it has the ability to promote inactivation of  

bacterial lipopolysaccharides found in the  

outer membrane of Gram-negative bacteria [8]. 

The mechanism of action for this phenomenon 

is the increase in pH, which might stimulate 

genetic cascades that modify the characteris-

tics of the bacterial cells [5]. However, the  

effects of CH are limited in persistent infections 

[9].  

Enterococcus faecalis (E. faecalis), is a  

facultative anaerobic Gram-positive coccus and 

is the most commonly isolated species from 

teeth with persistent periapical lesions  

(predominantly in endodontic failures) [10]. 

However, more recent studies believe that CH 

is unable to kill E. faecalis [11]. Evidence shows 

that E. faecalis may benefit from a CH challenge 

and grow in mixed biofilms [12]. It has been 

demonstrated that, when exposed to calcium 

hydroxide, E. faecalis uses a proton pump 

which can drive protons to the cytoplasm of 

the bacterium [13] to control intracellular pH 

and confer resistance [5].  

For this reason, combination of CH with  

antibiotics has been proposed to improve the 

action against this microorganism [5]. The use 

of triple (TAP) and double antibiotic paste 

(DAP) (a combination of metronidazole and 

ciprofloxacin with/without minocycline)  

during endodontic regeneration is an accepted 

and essential step [14]. Ciprofloxacin is  

classified as a second-generation fluoroquino-

lone and is effective against enteric bacteria 

such as Enterococcus species with high tubular 

penetration [15]. According to de Freitas et al, 

[5] the highest pH values were found for CH 

paste containing ciprofloxacin. 

Another goal in root canal treatment is to 

reduce inflammation and post-treatment pain. 

Local steroids, systemic steroids and  

non-steroidal anti-inflammatory drugs were 

introduced to achieve this purpose [16]. It has 

been stated that local steroids like  

betamethasone do not change antibacterial  

effectiveness of CH against planktonic E.  

faecalis but there is no information about E. 

faecalis biofilm [17]. Conversely, some have 

reported the combination of CH with  

hydrocortisone being non effective against E. 

faecalis [18]. Also, it has been shown that  

antibacterial effectiveness of CH on E. faecalis 

improves in combination with non-steroidal 

anti-inflammatory drugs [5]. Considering the 

conflicting data, this study was designed to  

assess the antibacterial efficacy of CH alone 

and in combination with betamethasone and 

ciprofloxacin on intracanal 8-week biofilm of E. 

faecalis. 

 

Materials and Methods  

After approval by the ethics committee of 

the Faculty of Dentistry, Tehran Medical  

Sciences, Islamic Azad University, Tehran, Iran 

(IR.IAU.DENTAL.REC.1398.064), this ex vivo 

study was conducted on 95 single-rooted  

extracted human teeth with mature apices. The 

teeth included in this study were extracted due 

to periodontal attachment loss, orthodontic 

purposes, or unrestorable crown. After surface 

cleaning and disinfection, the teeth were  

examined under a laboratory microscope 

(Stemi DV4 Spot; Carl Zeiss, Oberkochen,  

Germany) at ×20 magnification to exclude 

teeth with cracks, caries, or restoration. Digital 

radiographs were obtained from buccal and 

proximal directions for detection of any  

anatomical complexity, internal resorption, and 

calcification. Selected teeth had root curvatures 

not greater than 20 degrees according to the 

Schneider’s method [19].  

The whole procedure included root canal 
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preparation and sterilization, bacterial  
inoculation, incubation for biofilm formation 
for 8 weeks, preparation and application of  
intra-canal medicaments, and culturing and 
microbial analysis by means of counting the 
number of colony-forming units (CFUs). 

Canal preparation: 
The crowns were cut to prepare root 

lengths of 12 mm from cervical to apical.  
Canals from orifice to apex were prepared with 
# 1 to #3 Gates Glidden drills (Dentsply-
Maillefer, Ballaigues, Switzerland). Afterwards, 
for smear layer removal, the canals were  
irrigated with 5 mL of 17% EDTA solution 
(Darupakhsh, Tehran, Iran) followed by 5 mL 
of 0.9% saline (Darupakhsh, Tehran, Iran) and 
then 5 mL of 5.25% NaOCl (Darupakhsh,  
Tehran, Iran). Teeth were autoclaved for 30 
minutes and were incubated at 37ºC for 48 
hours. Sterilization was repeated if any opacity 
was detected in brain heart infusion broth 
[1,2]. 

Biofilm formation: 
Fresh suspension of E. faecalis (ATCC 

29212) was obtained from the Biological  
Resource Center (Tehran, Iran) and incubated 
in fresh brain heart infusion broth (Merck, 
Darmstadt, Germany) in aerobic atmosphere at 
37°C for 4-5 hours, until the optical density of 
600 nm was adjusted to a concentration of 
1.0×106 CFUs per milliliter (CFUs/mL), and 
was verified spectrophotometric ally (OD600: 
0.01–0.02). This suspension was inoculated 
into the canals by a 30-gauge needle. The  
samples were incubated at 37ºC for 8 weeks 
while placed on a shaker operating at 150 rpm 
[1]. 

Biofilm control: 
By the end of 8 weeks, two samples were 

randomly removed from the incubator, fixed 
and observed under a scanning electron  
microscope (SEM; Jeol-JSM 5600LV, Noran  
Instruments, Tokyo, Japan) at 15 kW, to  
confirm biofilm formation (Figures 1 and 2). 
Also, three samples were randomly selected to 
determine the number of pre-intervention 
CFUs. In order to determine the colony count, 
the biofilm was ultrasonically disrupted and 
transferred to phosphate buffer saline  
(Dulbecco's Modified Formula; ICN  
Biochemicals, England). After dilution, culture 

was prepared on agar medium, and incubated 
at 37ºC for 96 hours to count the primary 
number of CFUs [1]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. SEM micrograph of the first sample confirming 

the formation of eight-week biofilm on root canal wall at 

different magnifications: (A) 50 µm, (B) 10 µm, (C) 5 µm 

and (D) 2 µm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2. SEM micrograph of the second sample  

confirming the formation of eight-week biofilm on root 

canal wall at different magnifications: (A) 50 µm, (B) 10 

µm, (C) 5 µm and (D) 2 µm 
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Preparation and application of intracanal 

medicaments: 

The samples were randomly divided into 

three groups: 

Group 1 (CH + betamethasone) (n=30): one 

scoop (equal to 1.3 g) of CH powder (Pishro 

Dandan Co., Tehran, Iran) was mixed with 0.15 

mL (3 drops) of 0.1% betamethasone eye drop 

(Abooreihan Co., Tehran, Iran). This mixture 

contained 0.00015 g betamethasone.  

Group 2 (CH + ciprofloxacin) (n=30): one 

scoop (equal to 1.3 g) of CH powder (Pishro 

Dandan Co., Tehran, Iran) was mixed with 0.15 

mL (3 drops) of 0.3% ciprofloxacin eye drop 

(Abooreihan Co., Tehran, Iran). This mixture 

contained 0.00045 g ciprofloxacin. 

Group 3 (CH + saline) (n=30): one scoop 

(equal to 1.3 g) of CH powder (Pishro Dandan 

Co., Tehran, Iran) was mixed with 0.15 mL (3 

drops) of saline. 

The mixtures were delivered into the canals 

by means of a #30 lentulo spiral (Mani, Tochigi, 

Japan) [13].  

Microbial analysis: 

Microbial analysis and colony counting were 

performed at 1, 7 and 10 days. At each time 

point, 10 samples were selected from each 

group, and biofilm was disrupted by ultrasoni-

cation, and transferred to 0.9 mL of phosphate 

buffered saline (Dulbecco's Modified Formula; 

ICN Biochemicals, England). After dilution, the 

samples were spread on agar plate and  

incubated at 37ºC for 96 hours. After culture, 

the colony count was measured for the purpose 

of comparison with the primary colony count 

[13]. 

Statistical analysis: 

The Kolmogorov-Smirnov test was  

conducted to assess the normality of data  

distribution. Accordingly, the comparison 

among the groups was performed by two-way 

ANOVA and a post-hoc test using SPSS version 

20 (IBM SPSS Inc., Chicago, IL].  

 

Results  
At 1 day, the highest colony count was  

observed in CH + betamethasone group  

followed by CH + saline, and the difference  

between them was highly significant 

(P<0.001). The difference between CH +  

betamethasone and CH + saline, and also the 

difference between CH + betamethasone and 

CH + ciprofloxacin was also significant in  

colony count (P=0.043). 

At 7 and 10 days, the highest colony count was 

observed in CH + saline samples. While the  

difference between CH + ciprofloxacin and CH 

+ betamethasone samples (P=0.67 at 7 days 

and P=0.272 at 10 days), and the difference 

between CH + betamethasone and CH + saline 

were not significant (P=0.13 at 7 days and 

P=0.272 at 10 days).  

CH + ciprofloxacin group showed significantly 

lower colony count than CH + saline at 1 

(P=0.001), 7 (P=0.004) and 10 (P=0.002) days 

(Tables 1 and 2; Figure 3). 

 

Discussion 
The present study evaluated the  

antibacterial effect of CH in combination 

with saline, betamethasone or ciprofloxacin 

on 8-week biofilm of E. faecalis in root  

canals of extracted human teeth. The results 

showed the lowest and the highest colony 

count in CH + ciprofloxacin and CH + saline 

groups, respectively. The combination of CH 

+betamethasone also showed some  

antibacterial activity. The alternative  

hypothesis behind the primary research 

question was confirmed: through colony 

counting, it was shown that combination of 

CH with ciprofloxacin or betamethasone 

improved the ex vivo antibacterial effects of 

CH paste on eight-week biofilm of E. faecalis. 

When a carious lesion extends to the 

pulp chamber and the hard tissue barrier is 

breached, bacteria can invade the pulp  

tissue. In apical periodontitis, bacteria  

invade further and colonize the entire root 

canal system. Accordingly, to promote  

healing of apical periodontitis and cleaning 

of the root canal system, microorganisms 

within the root canal system must be  

eliminated.  
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Table 1. Mean colony count in the three groups at 1, 7 and 10 days 

 

 

 

 

 

 

 

Table 2. Pairwise comparisons of the antibacterial effects of different medicaments  

 
 Day 1 Day 7 Day 10 

CH + betamethasone / CH + ciprofloxacin  P=0.043** P=0.67 P=0.272 

CH + betamethasone / CH + saline P=0.043** P=0.13 P=0.272 

CH + ciprofloxacin / CH + saline P<0.001** P=0.004** P=0.002** 

**significant at 0.05 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Colony count (CFUs/mL) in different groups 

 

During root canal preparation, cleaning 

of the canals and dentinal tubules is 

achieved through both mechanical and 

chemical preparation. Use of intra-canal 

medicaments between sessions is a  

common approach to reduce bacterial and 

inflammatory contents of the canals and 

periapical regions with CH as the  

most-widely used medicament [20]. For  

antibacterial effect, CH must break down 

into calcium and hydroxyl ions which occurs 

when CH is mixed with an appropriate  

carrier [20]. CH is effective on most of the 

 

 

bacteria because of its high pH. However, E. 

faecalis does not respond to CH as it resides 

in deeper parts of dentinal tubules where 

pH is stable because of the buffering action 

of dentin. Moreover, by driving protons to 

the cytoplasm of bacteria through the action 

of proton pump [13], cocci can tolerate  

intracellular pH and show resistance [5]. 

Disinfection of teeth with tubular infection 

and long-lasting apical periodontitis can be 

a challenge that needs specific disinfection 

procedures in comparison with endodontic 

treatment of vital teeth [10].  

In this context, use of TAP suggested for 

treatment of open-apex necrotic teeth [13] 

has come to attention. TAP is an antibiotic 

powder composed of equal portions  

of metronidazole, ciprofloxacin, and  

minocycline which is dissolved in 3 mL of 

carrier of choice (distilled water or  

propylene glycol) (33 mg of each  

antibiotic/mL) [21]. TAP can affect Gram-

negative, Gram-positive, and anaerobic  

bacteria, which are involved in odontogenic 

infections [14]. In previous studies, TAP  

was reported to be more effective against E.  

faecalis than CH [22,23]. Ciprofloxacin,  

present in TAP, is a synthetic fluoroquino-

Mean ± std. deviation of CFU 

 Day 1 Day 7 Day 10 

CH + betamethasone 51904 ± 29719 262720 ± 82355.1 292352 ±49317.9 

CH + ciprofloxacin 0 ± 0 237632 ± 65974 243776 ± 45444.5 

CH + saline 372928 ±62470.8 346944 ± 51601 353216 ± 60823.7 
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lone with fast bactericidal activity [24]. In 

the 1980s, fluorination of original quinolone 

antibiotics yielded fluoroquinolones, with 

enhanced antibacterial spectrum [25]. In the 

present ex vivo study, combined use of CH with 

ciprofloxacin showed the highest antibacterial 

activity against E. faecalis.  

For some clinicians, the probable incidence 

of allergy may raise an issue of concern with 

common use of a combination of CH and  

ciprofloxacin. However, one must know that 

the incidence of quinolone allergy is lower than 

beta-lactam allergy and is most likely  

associated with the expanded use of systemic 

quinolones and/or introduction of  

moxifloxacin which appears to be more  

immunogenic than other quinolones [25]. In 

the present study, one scoop (1.3 g) of CH 

powder was mixed with 3 drops (0.15 mL) of 

0.3% ciprofloxacin eye drop. This mixture  

contains 0.00045 g ciprofloxacin which is far 

beyond the level that could cause allergic  

reactions. Ciprofloxacin has appropriate  

tubular penetration, lengthy half-life, and  

wide-spectrum activity [26]. Ciprofloxacin eye 

drop is an easily accessible product which can 

be mixed with CH without diminishing its  

antimicrobial effect. It must be noted that  

association of antibiotic with CH did not  

interfere with the pH of CH paste and increased 

the antimicrobial action of CH against E. 

faecalis biofilm formation [5]. As a result, its 

safe use as a synergistic carrier for CH can be 

considered as a powerful option in chronic or 

persistent cases of root canal infection.  

However, development of resistant strains  

remains an issue to prohibit common use of 

this mixture [27,28]. 

In the present study, the reduction in colony 

count was significantly greater in CH and  

betamethasone combination compared with 

CH and saline although the difference was not 

significant at 7 and 10 days. This result was 

consistent with the study carried out by  

Tabrizizadeh et al. [17], which stated that when 

betamethasone was used as a carrier for CH, 

not only the antibacterial efficacy did not alter 

but it also conferred anti-inflammatory  

property to the medicament. Betamethasone 

does not interfere with antibacterial efficacy of 

CH because it maintains the alkaline pH of CH 

[17]. Corticosteroids have anti-inflammatory 

properties which can reduce pain in  

apical pathosis followed by infected root canals 

[29]. Corticosteroids like betamethasone are 

valuable carriers for CH provided that they do 

not reduce its antibacterial effects [29].  

Moreover, betamethasone has been generally 

proven as an inhibitor of the growth of many  

bacterial strains such as Pseudomonadaceae, 

Enterobacteriaceae, staphylococci, enterococci, 

streptococci and Staphylococcus aureus, which 

are susceptible to its action [30]. The most  

important indications of corticosteroids in  

endodontics include their topical use on the 

root surface, systemic administration, or their 

intracanal application as a medicament is case 

of root resorption, especially after trauma [31]. 

As a result, easy combination of one scoop (1.3 

g) of CH powder with 3 drops (0.15 mL) of 

0.1% betamethasone eye drop can be  

beneficial specifically in traumatic dental  

injuries because this mixture contains 0.00015 

g betamethasone and showed bactericidal  

effect more than CH mixed with saline. 

Last but not least, in spite of gross reduction 

in colony count in all experimental groups, no 

intra-canal medicament was able to eradicate 

all the bacteria from the root canals. This  

fact magnifies the role of mechanical  

instrumentation that can be complemented 

with different antibacterial chemical strategies. 

 

Conclusion 

Betamethasone and ciprofloxacin are  

appropriate carriers for CH when applied as 

intracanal medicament. Addition of  

betamethasone to CH did not interfere with its 

antimicrobial effectiveness while addition of 

ciprofloxacin provided stronger antimicrobial 

effects against E. faecalis biofilm.  
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