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Abstract

Aim: This study was aimed to evaluate the antibacterial effect of calcium hydroxide (CH) in different vehicles in an 
in vitro model. Materials and Methods: Calcium hydroxide paste prepared with two conventionally used vehicles 
namely, camphorated monochlophenol, distilled water and propylene glycol. The antibacterial activity of these paste 
were tested against five micro‑organisms that can commonly occur in the infected root canals. Results: The results of 
this study indicate that a paste of CH made with propylene glycol exerts significant antibacterial action. Hence, it can 
be recommended for use as an intracanal medicament in preference to a paste prepared with a tissue toxic phenolic 
compound like camphorated monochlorophenol.
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INTRODUCTION

The successful endodontic therapy depends upon 
instrumentation, irrigation, thorough cleaning and 
shaping of the root canal for elimination of responsible 
microbial flora from the root canal.[1‑4]

Calcium hydroxide (CH) is known to dentistry for its 
application since its introduction by Herman in 1930. In 
present day, it has become more popular as intra canal 
medicament. Its bactericidal or bacteriostatic action is 
related to its dissociation into calcium and hydroxyl ions 
thereby creating alkaline environment in its vicinity, not 

allowing the growth of acidophilic microorganisms. In 
addition to this, it also inhibits the enzymatic activity 
that is essential for microbial growth.[5]

To facilitate its application in the field of endodontics, 
it is generally mixed with vehicles such as camphorated 
monochlorophenol, distilled water, glycerin, or 
propylene glycol. Various studies are carried out to 
identify or to understand the most suitable vehicle and 
also to find out the effect of vehicle on the action of the 
CH as an intracanal medicament.[3,6‑9] CH when mixed 
with camphorated monochlorophenol showed dual 
effect that is its high pH has toxic action on bacteria 
and tissue mineralization due to activation of hydrolytic 
enzyme alkaline phosphatase. CH when mixed with 
propylene glycol exhibits dual effect and no tissue 
irritating effect and being alcoholic in nature, it remains 
in paste form for a longer time.[4,6‑9]

However, there are very few studies related to 
propylene glycol that serves as better vehicle when 
mixed with CH to form a paste for the purpose of 
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intracanal medicament. Hence, the present study 
was done to evaluate the antibacterial effect of CH 
when mixed with distilled water, camphorated 
monochlorophenol or propylene glycol.

MATERIALS AND METHODS

Five microorganisms, which are commonly found 
in infected root canal were selected in the study for 
evaluation namely; Hemophilus streptococcus, Enterococcus 
faecalis, Staphylococcus aureus, Pseudomonas aeuorginosa 
and Candida albicans. The study was conducted in 
Department of Microbiology, Grand Medical College, 
Sir. J.J. Group of Hospital Mumbai.

Calcium hydroxide powder was preweighed (1 g) and 
stored in autoclaved vials. Calcium hydroxide paste 
preparations were divided into four groups and tested 
for efficacy.
•	 Group I‑CH and distilled water.
•	 Group II‑CH and propylene glycol 90%.
•	 Group III‑CH and propylene glycol 100%.
•	  Group IV‑CH and camphorated 

monochlorophenol.

The ratio used in this study to prepare paste was 
1:1 (1 g CH powder with 1 cubic centimeter [cc] of 
appropriate liquid). Sterile instrument were used for 
each preparation.

A volume of 0.01 ml of the suspension of culture of 
test organism was spread across the plate using sterile 

cotton swab [Figure 1]. Then, it was filled with the 
four different preparation of CH and the culture 
plates were then incubated [Figure 2]. The plates of 
aerobic organisms were incubated aerobically at 37°C 
and the zone of inhibition measured after 24, 48, and 
72 h accordingly. The antibacterial sensitivity pattern 
represented as the zone of inhibition at its maximum 
diameter was measured around each well using a 
Caliper and results observed were tabulated [Figure 3].

RESULTS

In the present study, the result showed that CH 
distilled water paste (Group I) produced zone of 
inhibition that was significantly smaller than other 
groups, only C. albicans exhibited a large zone of 
inhibition. It requires more incubation period. It is a 
well‑established fact that CH has antibacterial property. 
CH paste prepared with distilled water does not possess 
antibacterial property.

Group II further divided into two subgroups. Group 
IIA, where 1 g of CH powder mixed with 1 cc of 100% 
of propylene glycol. Group IIB, where 1 g of CH 
powder mixed with 1 cc of 90% propylene glycol.

It was observed in the present study that among 
all the CH paste, only CH propylene glycol 
paste remain in the paste form for the longer 
period of time, which indicated good handling 
qualities and exerts significant antibacterial action. 
The average diameter of zone of inhibition for 

Figure 1: Culture plates for incubations



Ganesh, et al.: Antebacterial efficacy of calcium hydroxide in different vehicles

Journal of International Society of Preventive and Community Dentistry    58January-April 2014, Vol. 4, No. 1

Group II (CH + 90% propylene glycol) and Group III 
were similar (CH + 100% propylene glycol). Group III 
showed maximum zone of inhibition on culture plates.

Different preparation of CH used in this study 
produced some degree of inhibition of growth of the test 
organisms including enterococci. The average diameter 
of the zones of inhibition for aerobic organisms is shown 
in Table 1. The inhibition of growth was exhibited as 
clear zone, around the well. It had the appearance of a 
fresh agar surface and was smooth and clear.

Among the various preparation of CH, CH 
camphorated monochlorophenol combination 
demonstrated the highest degree of growth inhibition; 
all organisms exhibited high sensitivity to the paste.

The average diameter of the zone of inhibition for both 
experimental group CH with 90% propylene glycol and 
CH with 100% propylene glycol combinations were 
equal. In case of CH and distilled water paste, which 
acts as a control group, only C. albicans exhibited a large 
zone of inhibition.

There was distinct growth inhibition observed with 
enterococcus on 3 days of incubation with CH 
camphorated monochlorophenol paste. C. albicans 
showed no growth on the first day of incubation in all 
specimens. It required more incubation period.

DISCUSSION

It is a well‑known fact that success in endodontic 
therapy depends upon adhering strictly to various 
norms laid down namely diagnostic phase, preparatory 
phase, and phase of obturation.[10] CH is effective 
in eliminating micro‑organisms from the root canal 

space.[11] CH has bactericidal effect and its capacity to 
neutralize the bacterial endotoxins.[12]

In the present study, Group I (control) showed zone of 
inhibition that was significantly smaller than other groups. 
Only C. albicans exhibited a large zone of inhibition. It 
requires more incubation period. It is a well‑established 
fact that CH has antibacterial property. When CH paste 
prepared with distilled water, water acts as a vehicle only. 
It does not possess antibacterial property.[7,9,13]

Paul in 1997 evaluated the antibacterial efficacy of 
CH with different vehicles such as distilled water, 
camphorated monochloro phenol (CMCP), and 
propylene glycol. The results showed that CH paste 
with CMCP, and propylene glycol was more effective as 
compared to the CH distilled water paste as seen in our 
study.[14]

Antony in 1997 studied the antibacterial property of 
CH with four different vehicles namely distilled water, 

Figure 2: Chemicals used for culturing

Figure 3: Cultured plates after incubation
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glycerin, CMCP, and propylene glycol. The result of the 
study showed that all the different preparation of CH 
paste with glycerin, CMCP, and propylene glycol was 
more effective in controlling the micro‑organisms as 
compared to CH distilled water paste.[6]

Study done by Paul showed that the paste of the 
CH made with propylene glycol exert significant 
antibacterial action and it can be considered for use as 
an intracanal medicament in preference to the paste 
prepared with tissue irritating phenolic compound like 
CMCP.[14]

Propylene glycol which was suggested by Laws in 1962 
has been evaluated for its possible use as a vehicle in 
the field of endodontics.[8] It permits the release of 
calcium and hydroxyl ions essential for the therapeutic 
action. It has been found to be antibacterial, 
nonirritating to the periapical tissue. Both 90% and 
100% propylene glycol CH paste showed antibacterial 
properties, which might be due to the slow diffusion 
of calcium and hydroxyl ions as compared to the paste 
prepared with distilled water. The addition of 10% 
water was done in Group IIB with a view of facilitating 
immediate ionization of the CH which is necessary for 
its action. The addition of water did not facilitate the 
enhancement of antibacterial action.

In Group III, although maximum zone of inhibition 
was observed, but its clinical use if objectionable 

due to tissue irritating property of 100% propylene 
glycol. Its clinical use as objectionable due to its 
tissue irritating property. The size of the zone of 
bacterial inhibition does not necessarily reflect the 
strength of antibacterial agent. The zone size may 
be influenced by the molecular size of the chemical 
and its diffusion. An agent that diffuses more easily 
will exhibit a large zone and CMCP has been shown 
to diffuse readily through blood agar medium. 
Since disinfection of the root canal is established by 
comprehensive effect of biomechanical Preparation, 
irrigation and intra canal medicament. The loss of 
long‑term activity can be attributed to the insoluble 
weak salt formed in combination with the hydroxyl 
ions dissociation, thus affecting the biological activity 
of CH.[15]

Calcium hydroxide camphorated monochlorophenol 
paste has a tendency to become sticky and set fast. 
Besides, CMCP in volatile liquid and can be lost from 
the paste rapidly. The toxicity of phenol, camphorated 
phenol and camphorate monochlorophenol was 
evaluated by Saekont which confirmed the cytotoxicity 
of these antiseptics. They are irritant to the periapical 
tissue.[16] Even CMCP alone or with CH is effective 
more than other two pastes, but it is not preferred as it 
causes irritation to the periapical tissue.

CONCLUSIONS

The routine use of propylene glycol in place of 
camphorated monochlorophenol can be recommended 
as vehicle for CH in view of its efficacy and better 
handling properties of the resulting paste. The diffusion 
of CH propylene glycol paste along with tissue irritation 
and its efficacy in vivo require further investigation.

REFERENCES

1. Siqueira JF Jr, Rôças IN, Favieri A, Lima KC. Chemomechanical 
reduction of  the bacterial population in the root canal after 
instrumentation and irrigation with 1%, 2.5%, and 5.25% 
sodium hypochlorite. J Endod 2000;26:331‑4.

2. Peters LB, van Winkelhoff  AJ, Buijs JF, Wesselink PR. Effects 
of  instrumentation, irrigation and dressing with calcium 
hydroxide on infection in pulpless teeth with periapical bone 
lesions. Int Endod J 2002;35:13‑21.

3. Law A, Messer H. An evidence‑based analysis of  the 
antibacterial effectiveness of  intracanal medicaments. J Endod 
2004;30:689‑94.

4. Gomes BP, Ferraz CC, Vianna ME, Berber VB, 
Teixeira FB, Souza‑Filho FJ. In vitro antimicrobial activity 
of  several concentrations of  sodium hypochlorite and 
chlorhexidine gluconate in the elimination of  Enterococcus faecalis. 
Int Endod J 2001;34:424‑8.

Table 1: Antibacterial activity of calcium hydroxide 
with various vehicles
Organism 
(fungal and 
aerobic)

Zone of  inhibition (in mm)
Days of  

incubation
CH+ 

distilled 
water

CH+ 
90% 
PG

CH+ 
100% 
PG

CH+ 
CMCP

Candida 
albicans

1st (no growth) candida required more incubation 
period

2nd 22 24 24 34
3rd 22 25 24 36

Hemophilus 
streptococcus

1st 15 18 18 30
2nd 16 19 19 32
3rd 16 19 19 32

Enterococcus 
faecalis

1st R R R 16
2nd R R R 16
3rd R R R 16

Staphylococcus 
aureus

1st 13 13 14 30
2nd 13 14 14 30
3rd 13.5 16 16 32

Pseudomonas 
aeroginosa

1st 12 12 14 26
2nd 12 12 14 29
3rd 12 12 14 29

CH = Calcium hydroxide, CMCP = Camphorated monochlorophenol



Ganesh, et al.: Antebacterial efficacy of calcium hydroxide in different vehicles

Journal of International Society of Preventive and Community Dentistry    60January-April 2014, Vol. 4, No. 1

5. Estrela C, Bammann LL, Pimenta FC, Pécora JD. Control of  
microorganisms in vitro by calcium hydroxide pastes. Int Endod J 
2001;34:341‑5.

6. Antony  B.  Comparitive  evaluation  of   antibacterial  efficacy  of  
calcium hydroxide with four different vehicles. Indian J Endod 
1997;9:50‑5.

7. 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.

8. Bhat KS, Walvekar SV. Evalution of  bactericidal property of  
propylene glycol for its possible use in endodontics. Arogya J 
Health Sci 1975;1:54‑9.

9. Bystrom A, Claesson R, Sundqvist G. The antibacterial effect 
of  camphorated paramonochlorophenol, camphorated phenol 
and calcium hydroxide in the treatment of  infected root canals. 
Endod Dent Traumatol 1985;1:170‑5.

10. Peters OA, Peter CI. Cleaning and shaping of  root canal. 
In: Hargreaves KM, Cohen S, editors. Chen’s Pathways of  
Pulp. 10th ed. Haryana, India: Elsevier; 2010.p. 283‑348.

11. Evans M, Davies JK, Sundqvist G, Figdor D. Mechanisms 
involved in the resistance of  Enterococcus faecalis to calcium 

hydroxide. Int Endod J 2002;35:221‑8.
12. Safavi KE, Nichols FC. Alteration of  biological properties of  

bacterial lipopolysaccharide by calcium hydroxide treatment. 
J Endod 1994;20:127‑9.

13. Stevens RH, Grossman LI. Evaluation of  the antimicrobial 
potential of  calcium hydroxide as an intracanal medicament. 
J Endod 1983;9:372‑4.

14. Paul K. Antibacterial property of  calcium hydroxide using 
different vehicles. Ind E J 1997;9:43‑9.

15. Safavi  K,  Nakayama  TA.  Influence  of   mixing  vehicle  on 
dissociation of  calcium hydroxide in solution. J Endod 
2000;26:649‑51.

16. Soekanto A, Kasugai S, Mataki S, Ohya K, Ogura H. Toxicity 
of  camphorated phenol and camphorated parachlorophenol in 
dental pulp cell culture. J Endod 1996;22:284‑9.

How to cite this article: Ganesh MR, Chaurasia VR, Masamatti VS, 
Mujeeb A, Jhamb A, Agarwal JH. In vitro evaluation of antibacterial 
efficacy of calcium hydroxide in different vehicles. J Int Soc Prevent 

Communit Dent 2014;4:56-60.
Source of Support: Nil, Conflict of Interest: None declared.

Announcement

iPhone App
A free application to browse and search the journal’s content is now available for iPhone/
iPad. The application provides “Table of Contents” of the latest issues, which are stored on the 
device for future offline browsing. Internet connection is required to access the back issues and 
search facility. The application is Compatible with iPhone, iPod touch, and iPad and Requires 
iOS 3.1 or later. The application can be downloaded from http://itunes.apple.com/us/app/
medknow‑journals/id458064375?ls=1&mt=8. For suggestions and comments do write back to 
us.


