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Abstract 

Microorganisms that infect the root canals system are the main etiologic factor of the periapical pathologies. Some microorganisms are 
resistant to the antimicrobial treatment and may survive in the root canal after the chemical mechanical preparation and intra- canal 
medication, characterizing a persistent infection. In cases of failure of the endodontic treatment, a new approach may be done using 
additional measures that involve this infectious process control through the elimination or maximum reduction of microorganisms. 
Therefore, this article aims to evaluate the antimicrobial potential of different formulations of intra-canal medication compared to strains of 
Enterococcus faecalis, Pseudomonas aeruginosa and Staphylococcus aureus in Petri plates. It was used diffusion test in agar where each 
Petri plate with the inoculated bacteria presented 5 wells that were filled with each medication. The diameters of the bacterial inhibition 
zones were measured and registered to each tested medication at the period of 24 hours, 48 hours, 1 week and 2 weeks. All the 
medications promoted inhibition halos; however, a higher elimination of micro- organisms can be significantly achieved through the 
association of different substances in the formulation of an intra-canal medication, with emphasis to HPG and Ca(OH)2 + CHX. 

Key-words: endodontic, bacteria, persistent infection, intra-canal medication 

Running tittle: Intra-canal medication versus microorganism 
 
 



www.commprac.com   

Jan-Jun Volume 17 Number 1 

 

Introduction 

The endodontic therapy presents predictable results when is done according to the recommended precepts through attendance protocols 
based in scientific evidences that guarantee a high rate of success[1]. Therefore, even some cases of well filled canals can shelter 

 

an infection that usually is the cause of the maintenance of a periapical 
lesion that leads to the need to a re-intervention by the professional [2]. 

Microorganisms that infect the root canals system are the main 
etiologic factor of the periapical pathologies [3]. For this reason, 
infectious diseases should be treated seeking to the maximum elimination 
of the microorganisms. That is, it should eliminate the endodontic 
infection or reduce it significantly to the treatment or re-treatment succeed 
[2]. 

The microbiota associated to the endodontic infections is 
heterogeneous, presenting different compositions to each type of infection 
and patients. The determination of the microbial population of the 
endodontic infections is very important to define the best strategy to the 
microbial control in the endodontic treatment [4]. 

The primary infection has polymicrobial nature, with strict 
anaerobic bacteria clearly dominating this condition [5]. Some 
microorganisms are resistant to the antimicrobial treatment and can 
survive in the root canal after the chemical mechanical prepare and intra- 
canal medication, characterizing a persistent infection [4, 6]. 

The composition of microorganisms present in the persistent 
infection is characterized as a microorganism’s association found in the 
primary and secondary infection [7]. 

The persistent infection is considered as the main cause of the 
majority of the endodontic problems, as persistent exudation and 
symptomatology, flare-up and failure of the endodontic treatment [2]. 
Studies have been demonstrated that the success index of tooth with filled 
canals in presence of detectable levels of cultivable bacteria is 
significantly shorter than in cases of negative culture [3, 8]. The results 
confirm that when bacteria stay viable into the root canals even when a 
fill is suitable, they continue to obtain nutrient and survive in an enough 
number to perpetuate a periapical lesion [6]. 

The reduction of microorganisms into the root canal system 
promoted by the chemical mechanical prepare is, most times, enough to 
allow that the mechanisms of periapical tissues occur. However, in cases 
where the perpetuation of a periapical lesion caused by the persistence of 
an endodontic infection demonstrates that the immediate instituted 
therapy there was not enough to the success of the treatment. 

In the failure cases of the endodontic treatment, a new approach 
may be done using additional measures that involve the control of this 
infectious process through the elimination or maximum reduction of 
microorganisms, using in the endodontic treatment an intra-canal 
medication with determined chemical substances that may be efficient, as 
it was demonstrated in different studies [3, 9, 10, 11, 12]. 

Therefore, this article aims to evaluate the antimicrobial 
potential of different formulations of intra-canal medication compared to 
strains of Enterococcus faecalis, Pseudomonas aeruginosa and 
Staphylococcus aureus in Petri plates. 

Materials and methods 

Medicaments 

The medicaments include a) calcium hydroxide powder paste 
mixed with glycerin in the 2:1 proportion (vol:vol); b) calcium hydroxide 
powder paste mixed with camphorated paramonochlorophenol and 
glycerin in 3:1:1 proportion; c) chlorhexidine digluconate (2% gel; Floral 
Manipulation Pharmacy, Vassouras, Rio de Janeiro, Brazil); d) 
chlorhexidine digluconate paste (2% gel; Floral Manipulation Pharmacy, 
Vassouras, Rio de Janeiro, Brazil) mixed with calcium hydroxide powder 
in 2:1 proportion and e) magnesium oxide powder paste mixed with 
calcium hydroxide powder mixed with glycerin in 1:1:1 proportion. All 
the pastes were prepared aiming to a similar consistence to toothpastes 
(Chart 1). 

 
 

Group Components 
1 (HG) calcium hydroxide (calcium hydroxide p.a. 99 to 100,5%) and glycerin 
2 (HPG) chlorhexidine where each ml of the topic solution contains: 10mg chlorhexidine 

digluconate; 1ml qsp vehicles) 
3 (CHX) calcium hydroxide (calcium hydroxide p.a. 99 to 100,5% adding camphorated 

paramonochlorophenol chlorophenol (96º ethyl alcohol and deionized water) and 
glycerin 

4 (Ca(OH)2 + CHX) chlorhexidine where each ml of the topic solution contains: 10mg chlorhexidine 
digluconate; 1ml qsp vehicles added calcium hydroxide (calcium hydroxide p.a. 99 
to 100,5%) 

5 (MgO+ Ca(OH)2) 
 

C 

magnesium oxide p.a. added calcium hydroxide (calcium hydroxide p.a. 99 to 
100,5%) and glycerin 

art 1. Experimental groups of tested intracanal dressings. 
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Bacterial sample 

The antibacterial activities of the medicaments were 
evaluated against facultative anaerobic bacteria, 
Staphylococcus aureus (ATCC 9144), Enterococcus faecalis 
(ATCC 29212) and aerobic, Pseudomonas aeruginosa (ATCC 
27583). 

Experimental procedure 

Preparation of bacterial strains 

The bacterial strains previously frozen in brain and heart 
infusion broth (BHI) with 20% glycerol were thawed and 
streaked on Müeller Hinton agar (MH) containing 5% 
defibrinated lamb blood (SPlabor, Presidente Prudente, São 
Paulo, Brazil) . The incubation took place at 37 ° C for 24 h to 
assess its viability and morphotintorial characteristics. 

Inoculum preparation The phenotypic detection 
of drug resistance was performed according to the 

recommendations of the Clinical and Laboratory 
Standards Institute (CLSI). After 18 to 24 hours of 
incubation at 35°C on non-selective 

nutrient agar, colonies were suspended in brain and heart 
infusion broth (BHI) until a turbidity equivalent to the 
McFarland 0.5 scale was obtained, which corresponds to a 
concentration of approximately 1.5 x 108 microorganisms / 
ml. 

The facultative anaerobic microorganisms were maintained 
in brain and heart infusion (BHI) broth (SPlabor, 
Presidente Prudente, São Paulo, Brazil) and the aerobic 
bacterium was maintained in BHI broth with heminine 
(5mg/L) and menadione (0,5mg/L) (SPlabor, Presidente 
Prudente, São Paulo, Brazil). Afterward, 1 ml of culture of 
the bacteria to be tested was placed into the agar plates. 

 

Antimicrobial susceptibility test 

It was used agar diffusion test. Petri plates containing BHI agar 
supplemented with heminine and menadione were inoculated with the 
tested bacteria using sterile appliers with cotton tip that were rubbed from 
the centers to the edges. Growth of the bacteria was observed at the end 
of the period of incubation by checking the morphology of colonies grown 
onto agar plates. In each Petri plate with the inoculated bacteria it was 
perforated 5 wells with 5mm of profundity and 6mm of diameter and it 
were filled with the tested medicaments. Positive control plates were 
streaked with bacteria, but no medicament was used. These wells were 
filled with each medicine through 100µl pipettes, and each drop contained 
25µl. The plates were incubated in 37°C for 14 days. After, the diameters 

of the bacterial inhibition zones were measured and registered to each 
tested material, with the 6mm diameter as cut-off value in the 24 hours, 
48 hours, 1-week e 2-weeks count. To fill each well of each Petri plate, 4 

 
25µl drops of each medication were deposited. Three agar plates were 
used for each bacterial strain tested. 

Results 
In the Table 1, there are the averages of the inhibition halos (in 

mm) propitiated by the materials in function of the microorganism in the 
aerobic condition measured in 24, 48 hours, 1 week and 2 weeks (Figures 
1 to 3). 
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Figure 1. Inhibition halos (in mm) placated by the tested materials in function of the Escherichia coli in aerobic condition measured in 24, 48 hours, 
1 week and 2 weeks. 

Figure 2. Inhibition halos (in mm) placated by the tested materials in function of the Pseudomonas aeruginosa in aerobic condition measured in 24, 
48 hours, 1 week and 2 weeks. 

Figure 3. Inhibition halos (in mm) placated by the tested materials in function of the Staphylococcus aureus in aerobic condition measured in 24, 48 
hours, 1 week and 2 weeks. 

 

 
 

 

 

 

The groups 2 and 4 presented big zones of inhibition against the tested 
bacteria. The groups 1 and 3 also presented inhibitor halos against all the 
strains; but, generally, it was not more efficient than the groups 2 and 4. 
The group 5, that presents a new formulation, was efficient against all the 
tested microorganisms. It was more efficient that group 1 in all the 

samples and more efficient that the group 3, except against Pseudomonas 
aeruginosa where they presented equivalent results. The group 1 
presented the worst results against all the bacteria strains used in this 
experiment. Bacteria survived in saline (control group) until the end of 
the experiment (two weeks). 

 
Microorganisms 

 Enterococcus 
faecalis 

 Staphylococcus aureus  Pseudomonas aeruginosa  

Time 24 
hours 

48 
hours 

1 
week 

2 
weeks 

24 
hours 

48 
hours 

1 
week 

2 
weeks 

24 
hours 

48 
hours 

1 
week 

2 
weeks 

Substances             

Ca (OH)2 
+ Glycerin 

16 16 16 20 15 15 15 17 18 18 18 18 
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Ca (OH)2 + 
PMN + 
Glycerin 

22 22 22 22 22 22 22 23 24 24 24 24 

CHX 2% 19 19 19 21 15 15 16 20 21 21 21 21 

 
CHX 2% + 
Ca(OH)2 

 
22 

 
22 

 
22 

 
22 

 
19 

 
19 

 
20 

 
21 

 
22 

 
22 

 
23 

 
24 

Ca (OH)2+ 
OM + 
Glycerin 

21 21 21 21 16 16 19 21 21 21 22 21 

Table 1.Halos mean (in mm) of t he substan ces, as a function o f the mic oorganis s under aerobic conditions.  

 
 

Discussion 

Microorganisms are the main etiologic agents of the endodontic 
infections6. The reduction or elimination of the bacteria seems a logic 
objective to the success of the endodontic treatment and indeed, the 
literature supports this concept. The microorganisms used in this work are 
commonly found in cases of persistent infection [13, 14]. 

After the chemical mechanical prepare done diligently, some 
canals can shelter detectable levels of cultivable bacteria. In Shuping et al 
[10] study the authors relate that in the instrumentation of canals irrigated 
with sodium hypochlorite (NaOCl), 61.9% of the canals were free of 
bacteria. 

When a medication based in calcium hydroxide was used for 
minimally 1 week, 92.5% of the canals do not present bacteria. This 
reduction was considered significantly when compared with the 
instrumentation and irrigation with NaOCl, in isolation. The authors 
concluded that even the chemical mechanical prepare is an important step 
in the reduction of the bacteria during the endodontic treatment, the 
addition of a medication containing calcium hydroxide may be used to 
reach a more predictable result. 

In 2007, Siqueira et al [14] concluded that the instrumentation 
of the canals using 2.5% sodium hypochlorite as irrigator reduced 
significantly the number of bacteria in the canal. However, bacteria stay 
cultivable in more than half the cases (54.5%). The using of calcium 
hydroxide intra-canal medication associated to camphorated 
paramonochlorophenol in inert vehicle for 7 days increased significantly 
the number of cases with negative cultures (90.9%). According to the 
authors of this study, even calcium hydroxide combined with an inert 
vehicle can eliminate the majority of the endodontic bacteria when in 
direct contact, these effects cannot be as pronounced in the environment 
of the root canal, in what that contact cannot be always reached or, given 

 
the low solubility of the calcium hydroxide, the concentration of hydroxyl 
ions may not reach enough levels to a broad elimination of bacteria in 
biofilms at the untouched canal walls, dentin tubules, irregularities and 
other anatomic variations. 

The physical-chemical limitations of the calcium hydroxide and 
the resistance reported by some microbial species motivated the 
association of Ca(OH)2 with other antimicrobial, as the camphorated 
paramonochlorophenol(PMCFC). PMCFC has strong antibacterial 
activity, with the action in distance in reason of the volatility of the 
paramonochlorophenol and satisfactory biocompatibility due to its lent 
release when associated to the Ca(OH)2 and glycerin [15, 16]. 

In 1996, Siqueira, Uzeda [15] accomplished a study aiming to 
compare the antibacterial effect of calcium hydroxide in an inert vehicle 
and in a biologically active vehicle (PMCFC) against facultative 
anaerobic bacteria. The infected specimens were exposed to the 
medications of calcium hydroxide mixed with saline solution (inert 
vehicle) or camphorated paramonochlorophenol for 1 hour, 1 day and 1- 
week periods. The viability of the bacteria after these exposition times 
was evaluated by incubation of samples in culture medium to compare the 
efficiency. The Ca(OH)2 + PMCFC association was efficient to eliminate 
bacteria after 1 hour of exposition, except by Enterococcus faecalis that 
was eliminated only after one day of exposition. In contrast, Ca(OH)2 in 
inert vehicle was ineffective against all the microorganisms tested even 
after 1 week of exposition. The results showed that PMCFC increased the 
antibacterial effects of the calcium hydroxide. These data are confirmed 
in this study because the inhibitor halos formed by HPG are higher than 
HG against all the tested microorganisms (Table 2). Other studies 
obtained equivalent results, where HPG presented higher potential to 
eliminate different species of microorganisms when compared to 
Ca(OH)2 in inert vehicles, as glycerin or saline [2, 16]. 



www.commprac.com   

Jan-Jun Volume 17 Number 1 

Table 2. Difference of halos of inhibition of HPG with versus HG. 

 
 

 
Microorganisms 

 Enterococcus 
faecalis 

 Staphylococcus 
aureus 

 Pseudomonas 
aeruginosa 

Time 24 
hours 

1 
week 

24 hours 1 
week 

24 hours 1 
week 

Substances       

Ca (OH)2 + Glycerin 16 16 15 15 18 18 

Ca (OH)2 + PMCFC + Glycerin 
      

 22 22 22 22 24 24 

Diference em mm (%) 6 mm (37%) 6 mm (37%) 7 mm (46%) 7 mm (46%) 6 mm 
(33%) 

6 mm (33%) 

 

 

 
The combination of 2% Chlorhexidine in gel associated with calcium 
hydroxide (Ca(OH)2) obtained similar results to HPG group. However, 
the inhibitor halos of HPG were almost 3mm higher than Staphylococcus 
aureus in the period of 24 hours and 2mm after 2 weeks. In the plates that 
contain Pseudomonas aeruginosa strains, this difference was shorter, 
almost 2mm and 1mm after 24 hours and 1-week periods, respectively. In 
2003, Siqueira et al. [2] also reported equivalent results when HPG and 
Ca(OH)2 + CHX were compared. In this study, a discreet difference in the 
antibacterial action of HPG was perceived when compared to Ca(OH)2 + 
CHX. But both presented the highest inhibition halos. 

When compared with all the other groups, the group with the 
Ca(OH)2 + CHX combination presented higher inhibition halos, except 
when achieved the same inhibition halo than the group that contains 
MgO+ Ca(OH)2 in the period of 2 weeks. The superior antibacterial action 
of Ca(OH)2 + CHX when compared with the groups 1 and 3 also was 
reported in the study of Manzur et. al. [17]. The results highlighted by 
Manzur et al. [17]. Revealed presence of microorganisms in 18%, 45% 
and 1% of the samples when Ca(OH)2 in an inert vehicle, 2% CHX and 
the combination of 2% Ca(OH)2 + CHX were used, respectively. In this 
study, the combination of calcium hydroxide associated to magnesium 
oxide (MgO+ Ca(OH)2) in inert vehicle (glycerin) presented higher 
inhibition halo than 2% chlorhexidine in gel in the period of 24 hours and 
1 week in the Petri plates containing Enterococcus faecalis and 
Staphylococos aureus. In the plates with the Pseudomonas aeruginosa 
bacterium, the difference of 1mm in the inhibition halo favoring MgO+ 
Ca(OH)2 was perceived in the period of 1 week. There was not found in 
the literature, MgO+ Ca(OH)2 comparative analysis in relation to other 
medications when used culture methods or through collected samples into 
the root canals system. When compared to Ca(OH)2 in inert vehicle, 
MgO+ Ca(OH)2 presented better results in all the samples. 

Among the metallic oxides, the magnesium oxide (MgO) is 
presented as stable in adverse conditions and can be considered safe to 
human beings [18, 19]. In medicine, MgO is used to combat heartburn 
due to this high pH (almost 12) and in the bony regeneration [20, 21]. 
Recently, MgO particles presented highlighted potential as antimicrobial 
agent. Makhlufet al. [22] demonstrated that small particles of MgO 
presented satisfactory antibacterial activity against Escherichia coli and 
Staphylococcus aureus. Though the antibacterial mechanism of MgO is 
not defined, three antibacterial mechanisms have been reported. Reactive 
oxygen formation that leads to damages to the bacterial AND, antioxidant 
action and damages to the cell metabolism: damages to the cell wall and 
the alkaline effect [23, 24]. These authors highlight also the promising 

antibacterial potential of MgO, but it is necessary more studies about the 
MgO particles activity in relation to other microorganism’s species. 

Conclusion 

According to the information exposed above, the chemical 
mechanical prepare reduces significantly the bacterial concentration into 
the root canal. However, the application of intra-canal medication for 1 
week seems to be recommended to increase the bacterial elimination. For 
a more predictable result in the endodontic therapy in cases of infected 
canals, the results of this study corroborate many previous studies 
[11,15,16,17,18] suggesting that a higher elimination of microorganisms 
can be significantly achieved through the association of different 
substances in the formulation of an intra-canal medication, with focus in 
HPG e Ca(OH)2 + CHX. There are the inhibition halos average (in mm) 
propitiated by the materials in function of the microorganism in the 
aerobic condition measured in 24 hour, 48 hours, 1 week and 2 weeks. 
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