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ABSTRACT 

 

Aim: to investigate the antimicrobial effects of six different intracanal medicaments on Enterococcus faecalis. 

 
Material & Methods: An agar well diffusion test was used to determine the efficacy of the experimental 

medicaments in removing E. faecalis (ATCC 29212). Medicaments were divided into 7 groups; calcium 

hydroxide (Ca(OH)2) with saline, Ca(OH)2 with anaesthetic solution, Ca(OH)2 with propylene glycol, 

commercially available premixed Ca(OH)2 paste, chlorhexidine gluconate gel, triple antibiotic paste 

(metronidazole, ciprofloxacin, doxicycline) with propylen glycol and talk powder with saline as negative control 

group. The diameters of the growth inhibition zones for each group were measured after 24 and 48 hours. 

Differences between groups were analysed using Kruskal-Wallis and Mann-Whitney U tests, and intragroup 

differences were analysed using Wilcoxon sign test. 

 

Results:  Diameter of the inhibition zone observed for the triple antibiotic paste was significantly larger 

(p<0.01) and the diameter of the inhibition zone observed for the chlorhexidine gluconate gel was significantly 

smaller in comparison to the other tested medicaments (p<0.05). 

 

Conclusion: All of the tested medicaments were found to be effective on E. faecalis. However the results suggest 

that the triple antibiotic paste would be the preferred medicament against E. faecalis as it has the greatest 

antibacterial effect among the tested medicaments. 

 

KEYWORDS : Agar well diffusion. Enterococcus faecalis. Triple antibiotic powder. 
http://dx.doi.org/10.19177/jrd.v7e3201913-17

 

INTRODUCTION 

One of the most essential steps 

in root canal treatment is the elimination 

of the bacterias and their by-products. 

For this purpose, several irrigation 

solutions, intracanal dressing 

medicaments and root canal 

instruments have been used to achieve 

disinfection of the root canals. Because 



Öztürk et al • Journal of Research in Dentistry 2019, 7(3):13-17 

 14| 

of the complex anatomy of the root 

canals, the use of intracanal 

medicaments were advised to use in 

addition to chemo-mechanical 

preparation to improve bacterial 

elimination.1 
Calcium hydroxide (Ca(OH)2) is 

the most commonly used intracanal 

dressing material.2 Antibacterial effect of 

Ca(OH)2 depends on maintenance of its 

high pH (12,5-12,8).3 To improve and 

retain the pH effect, several paste 

vehicles such as  aqueos, viscous and oily 

have been used. The vehicle plays a 

crucial role in determining the velocity of 

ionic dissociation. The solubilization 

and resorption of the paste also depend 

on it. If the viscosity is low, the ionic 

dissociation will be higher.4  
Triple antibiotic paste (TAP) is 

the combination of metronidazole, 

ciprofloxacin and minocyclin. It has 

been developed for the disinfection of 

oral lesions consisting of pulpal and 

periapical pathologies.5  When compared 

with Ca(OH)2, TAP was prefered   in large 

periapical lesions and  retreatment cases 

because of its antimicrobial properties in 

in-vivo studies.6 But, it has some 

disadvantages like discoloration and 

impossibility of removal from the root 

canals which prevent it from perfect 

intracanal dressing material.7,8 
Enterococcus faecalis (E. 

faecalis) is a Gram-positive facultative 

anaerobic bacterium which is generally 

involved in endodontic treatment 

failures.  It is the most common species 

isolated from secondary infections and 

root canal retreatments.9,10 During the 

chemomechanical preparation of the 

canal, high-sodium alkaline 

environment can be obtained by both 

irrigation and inter-appointmet 

dressings. However E. faecalis can 

tolerate this high pH.11 This situation was 

enlightened by Lleo et al in 1998.12 They 

demonstrated that E. faecalis can enter 

viable but non-cultuvable phase (VBNC), 

in which they can survive under harsh 

conditions, remain alive13 and continue 

to express virulence factors.14 When 

optional conditions get gained, they can 

maintain their pathogenicity12 and 

methabolic acticity.15 

Taking cognizance of resistant 

structure of E. faecalis, it was aimed to 

evaluate the antimicrobial effects of TAP,  

chlorhexidin gluconate gel and several 

Ca(OH)2 mixtures prepared with  

different  vehicles on E. faecalis and 

compare each  other in in-vitro 

conditions. 

 

MATERIAL AND METHODS 
 

An agar well diffusion test 

(AWDT) was used to determine the 

efficacy of the experimental 

medicaments in removing E. faecalis 
(ATCC 29212) (American Type Culture 

Collection, Manassas, VA, USA). Bacteria 

were subcultured from the stock culture 

on Brain Heart Infusion agar (BHI) 

plates incubated at 35°C for 24 h. In order 

to confirmation of the colonies, Gram 

staining was used. The cell suspensions 

were adjusted equivalent to 0.5 Mc 

Farland standards, adjusted to 1.5 × 

108 CFU/mL-1 (CFU, colony forming 

units). Bacterial suspensions were 

dropped into the agar plates and 

inoculation was performed using sterile 

cotton swab sticks, rotating the plates 

around 60° in order to ensure the 

inoculum. Using a sterile agar puncher, 

wells of 6 mm width diameter were 

prepared in the agar plate.  

Selected medicaments used in 

this study;  

• Group 1: Ca(OH)2  (Sultan Chemists 

Inc., Englewood, NJ, USA) with 

saline; 

• Group 2: Ca(OH)2 with anesthetic 

solution; 

• Group 3: Ca(OH)2 with propylene 

glycol; 

• Group 4: Commercially available 

premixed Ca(OH)2 paste, (Calasept, 

Scania Dental, Sweden); 

• Group 5: Chlorhexidine gluconate 

gel, (Cerkamed Group, Nisko, 

Poland); 

• Group 6: (TAP) (metronidazole, 

ciprofloxacin, doxycycline) with 

propylene glycol.  

Talk powder with saline was 

chosen as negative control group. All 

calcium hydroxide groups were mixed at 

a ratio of 0.17g: 0.01 mL by mixing 

powder and solutions.16 TAP was 

prepared according to the American 

Association of Endodontics (AAE) 

instructions at a ratio 1:1:1. 

The experimental medicaments 

were added to the designed wells 

immediately after mixing up to the 

highest level of the agar. The plates were 

maintained at room temperature for 2 h 

to allow prediffusion of the materials. 

The diameters of the growth inhibition 

zones for each group were measured 

after 24 and 48 hours incubation (Figure 

1). The diameters of inhibition zones 

Figure 1a.  Immediately placed medicaments. 
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around the wells were measured and 

recorded for each medicaments. All 

measuremetns were performed by same 

operator. All the assays were repeated in 

4 times. 4 times. All the assays were 

repeated in 4 times. 

 

STATISTICAL ANALYSIS 

 
Differences between groups 

were analysed using Kruskal-Wallis and 

Mann-Whitney U tests, and intragroup 

differences were analysed using 

Wilcoxon sign test. 

 

RESULTS 
 

Diameter of the inhibition zone 

observed for TAP was significantly larger 

(p<0.01) and the diameter of the 

inhibition zone observed for the 

chlorhexidine gluconate gel was 

significantly smaller in comparison to 

the other tested medicaments (p<0.05) 

(Figure 2). Increase in time resulted in 

greater antibacterial effect in all groups, 

especially in Ca(OH)2 with propylene 

glycol and commercially available 

premixed Ca(OH)2 paste (p<0.01, 

p<0.05). 

 
DISCUSSION 
 

The main etiological factor of 

pulpal and periapical diseases are 

microorganisms. In order to remove 

these microorganisms and their 

products, intracanal medicaments are 

still widely used. Agar disc diffusion test 

is one of the most fundamental 

antimicrobial susceptibility test. It is 

practical, simple, easy to interpreted by 

clinicians, qualitative and well-

standardized.17 However, it should be 

kept in mind that, agar disc diffusion is 

an in-vitro test conditions and several 

problems will affect the results such as 

ionig charge and conformation of the 

active ingredients, concentration and 

age of inoculum, volume and type of 

medium and the incubation 

conditions.18 Nevertheless, this method 

is still in use at the present time. Estrela 

suggested that agar diffusion test is 

useful in the determination of the 

antimicrobial effect of Ca(OH)2.
19 In the 

same study, 48 h were found to be 

sufficient to observe complete 

antimicrobial effect of Ca(OH)2. In this 

study a waiting time of 48 h was applied 

to watch the inhibition zones, too.  

When Ca(OH)2 is mixed with a 

vehicle, an easily used and flowable paste 

forms. However, this paste should have 

some essential characteristics such as 

maintaining the high pH. The 

prophylene glycole, one of the viscous 

vehicles, was firstly used in endodontics 

as a vehicle in 1957.20 Simon et al. 

indicated that it both helped handling 

the paste and made control the pH level 

and Ca+2 release possible.21 They 

recomemended it as the best vehicle to 

prepare Ca(OH)2 mixtures. Contrary, 

Behnen et al. showed that less viscous 

preparation of Ca(OH)2 was more 

effective than the viscous ones in the 

elimination of E. faecalis.22  In the 

present study, prophylene glycol, was 

used to observe its effect against 

aqueous solutions. When compared with 

saline (Group 1) and anesthesic  (Group 

2) vehicles, propylen glycol groups 

showed larger inhibition zone (Group 3 

Figure 1b. 24h after incubation. Figure 1c. 48h after incubation. 

Figure 2. Inhibition zone. 
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and 6). Furthermore, their antimicrobial 

effect also improved through time. 

Mozayeni et al. reported that 

chlorhexidine gluconate gel was the 

most effective medicament against E. 

faecalis compared with Ca(OH)2, TAP 

and nanosilver.23 In the present study 

when considering both the diameter of 

inhibiton zone and increasing the 

antimicrobial efficacy in time, 

clorhexidine gluconate gel showed the 

poor properties which was statistically 

significant (p<0.05). This results may be 

related to the method that used to 

evaluate antimicrobial efficacy. 

Mozayeni et al. used extracted teeth and 

take samples from the root canals with 

paper points.23 They also did not report 

their powder/liquid ratios and also used 

saline solution as a vehicle. In present 

study, agar plates were used. Because the 

extracted teeth were not used, the 

buffering effect of dentine may not be 

evaluated. Also, ratios were determined 

according to both AAE 

recommendations and previous studies. 

These may also effect the present study’s 

results 

E. faecalis gets through the 

growth, stationary and starvation 

phases. Starvation phase was shown to 

be the most resistant phase and living 

cells could not be eliminated by the 

medicaments totally.24 Adl et al. 

evaluated the antimicrobial effect of 

both TAP and Ca(OH)2 against E. faecalis 

in in-vitro conditions.25 They reported 

that E. faecalis penetrated into 200 µm 

dentine depth and TAP was more 

effective than Ca(OH)2 at the end of 7th 

day, which was in agreement with the 

study of Mozayeni et al.23 The results of 

these previous studies are also correlated 

with the present research in which TAP 

resulted in the largest inhibition zone. 

However, TAP has some disadvantages, 

such as the inability to remove the 

antibiotics from the root canal and 

crown discoloration.7,8 Thus, new 

medicines and antibiotic combinations 

should be developed.  

 

CONCLUSION 
 

All tested medicaments were 
found to be effective on E. faecalis. 
However, the results suggest that TAP 
would be the preferred medicament 
against E. faecalis as it has the greatest 
antibacterial effect among the tested 
medicaments. Increase in time may 
cause prolonged inhibition effect of 
Ca(OH)2 with propylene glycol and 
commercially available premixed 
Ca(OH)2 paste. Further studies should 
be performed to determine the best time 
intervals when applying these 
medicaments. 

 
ACKNOWLEDGEMENT 
 

This study was presented as a 
poster presentation at the FDI World 
Dental Congress 28-31 August 2013, 
İstanbul, Turkey. 
 
REFERENCES 
 
1. Byström A, Claesson R, Sundqvist G. 
The antibacterial effect of camphorated 
paramonochlorophenol, camphorated 
phenol and calcium hydroxide in the 
treatment of infected root canals. 
Endodontics and Dental Traumatology 
1985;1:170–5.  
 
2. Mustafa M, Saujanya KP, Jain D, 
Sajanshetty S, Arun A, Uppin L and Kadri 
M. Role of Calcium Hydroxide in 
Endodontics: A Review. Global Journal of 
Medicine and Public Health 2012;1:66-70. 
  
3. Siqueira JF Jr, Lopes HP. Mechanisms 
of antimicrobial activity of calcium 
hydroxide: a critical review. Int Endod J 
1999;32:361-9.  
 

4. Fava LRG., Saunders WP. Calcium 
hydroxide pastes: classification and 
clinical indications. Inter Endod J. 
1999:32;257-282. 
 
5. Hoshino E, Takushige T. LSTR 3Mix-
MP method- better and efficient clinical 
procedure of lesion sterilization and 
tissue repair (LSTR) therapy. Dental 
Review. 1998; 666:57-106. 
 
6. Taneja S, Kumari M. Use of triple 
antibiotic paste in the treatment of large 
periradicular lesions. J Investig Clin 
Dent 2012;3:72–6.  
 
7. Arslan H, Çapar ID, Saygılı G, Uysal B, 
Gök T, Ertaş H, Topçuoğlu HS. Efficacy 
of various irrigation protocols on the 
removal of triple antibiotic paste Int 
Endod J 2014;47(6): 94-599. 
 
8. Akçay M, Arslan H, Yasa B, Kavrık F, 
Yasa E. Spectrophotometric analysis of 
crown discoloration induced by various 
antibiotic pastes used in 
revascularization. J Endod 2014; 40(6): 
845-84. 
 
9. Stuart CH, Schwartz SA, Beeson TJ and 
Owatz CB . Enterococcus faecalis: its role 
in root canal treatment failure and 
current concepts in retreatment. J. 
Endod.2006;32:93-98.  
 
10. Gomes BP, Pinheiro ET, Sousa EL, 
Jacinto RC, et al. Enterococcus faecalis in 
dental root canals detected by culture 
and by polymerase chain reaction 
analysis. Oral Surg. Oral Med. Oral 
Pathol. Oral Radiol. Endod. 
2006;102:247-253.  
 
11. Flahaut S, Hartke A, Giard JC and 
Auffray Y. Alkaline stress response in 
Enterococcus faecalis: adaptation, cross 
protection, and changes in protein 
synthesis. Appl. Environ. Microbiol. 
1997;63:812-814.  
 
12. Lleò MM, Tafi MC and Canepari P. 
Nonculturable Enterococcus faecalis 
cells are metabolically active and capable 



Öztürk et al • Journal of Research in Dentistry 2019, 7(3):13-17 

 17| 

of resuming active growth. Syst. Appl. 
Microbiol. 1998;21:333-339.  
 
13. Smith B and Oliver JD. In situ and in 
vitro gene expression by Vibrio 
vulnificus during entry into, persistence 
within, and resuscitation from the viable 
but nonculturable state. Appl. Environ. 
Microbiol. 2006;72:1445-1451. 
 
14. Pruzzo C, Tarsi R, Lleò MM, 
Signoretto C, et al. In vitro adhesion to 
human cells by viable but nonculturable 
Enterococcus faecalis. Curr. Microbiol. 
2002;45:105-110. 
 
15. Lleò MM, Pierobon S, Tafi MC, 
Signoretto C, et al. mRNA detection by 
reverse transcription-PCR for 
monitoring viability over time in an 
Enterococcus faecalis viable but 
nonculturable population maintained in 
a laboratory microcosm. Appl. Environ. 
Microbiol.2000;66:4564-4567.  
 
16. Reddy S, Ramakrishna Y. Evaluation 
of antimicrobial efficacy of various root 
canal filling materials used in primary 
teeth: a microbiological study. Journal of 
Clinical Pediatric Dentistry 2007;31:193–
8.  
 
17. Jorgensen JH., Ferraro MJ. 
Antimicrobial Susceptibility Testing: A 
Review of General Principles and 
Contemporary Practices Clinical 
Infectious Diseases 2009;49:1749–55  
 
18. Griffin SG, Markham JL, Leach DN. 
An Agar Dilution Method for the 
Determination of the Minimum 
Inhibitory Concentration of Essential 
Oils. J Essent Oil Res 2000;12:249-55. 
 
19. Estrela C, Rodrigues de Araújo Estrela 
C, Bammann LL, Pecora  JD. Two 
methods to evaluate the antimicrobial 
action of calcium  hydroxide paste. J 
Endod 2001;27:720-3.  
 
20. Saiijo Y. Clinico-pathological study 
on vital amputation with calcium 
hydroxide added to various kinds of 

antibacterial substances. J Tokyo Dent 
Coll Soc. 1957;57:357–63. 
 
21. Simon ST, Bhat KS., Francis R. Effect 
of four vehicles on the pH of calcium 
hydroxide and the release of calcium ion 
1995. OOOE: 80:4:459-464 
 
22. Behnen MJ, West LA, Liewehr FR, 
Buxton TB, McPherson JC  3rd. 
Antimicrobial activity of several calcium 
hydroxide preparations in root canal 
dentin. J Endod 2001;27:765-7.   
 
23. Mozayeni MA, Haeri A, Dianat O, 
Jafari AR. Antimicrobial effects of four 
intracanal medicaments on 
Enterococcus faecalis: An in vitro study. 
Iran Endod J. 2014; 9(3): 195-198. 
 
24. Portenier I, Waltimo T, Ørstavik D, 
Haapasalo M. The susceptibility of 
starved, stationary phase, and growing 
cells of Enterococcus faecalis to 
endodontic medicaments. J Endod 
2005;31:380-6. 
 
25. Adl A, Hamedi S, Sedigh Shams M, 
Motamedifar M, Sobhnamayan F. The 
ability of triple antibiotic paste and 
calcium hydroxide in disinfection of 
dentinal tubules. Iran Endod J. 2014; 9(2): 
123-126. 


