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Introduction
Advances in Endodontic therapy have 
enabled the clinician to retain teeth 
previously destined for extraction. Over 
the years, the procedure of RCT has been 
refined and perfected with a more 
predictable outcome. Bacteria and their 
products play an essential role in the 
initiation and perpetuation of pulpal and 

[1]periapical diseases.  Theoretically, all 
bacteria present in the oral cavity may 
invade the root canal during or after pulp 
pathosis, and thereby participate in 
Endodontic infections. However, 
because of bacterial interactions and 
varying oxygen pressures inside the root 
canal, bacteria present in Endodontic 
infections include a restricted group of 

[2]species.  The predominant organisms 
are obligate anaerobes, mainly gram 
negative such as black pigmented rods 

[2]and fusobacteria.
Researchers recovered a number of 
species of anaerobic bacteria from failed 
root canal treated systems. Some of these 
bacteria include Enterococcus faecalis, 
Streptococcus sanguis, Bacteroides 
gracillis and Fusobacterium nucleatum. 
From a l l  these  cases  s tud ied ,  
Enterococcus faecalis was found to be the 
most prevalent bacteria in failed root 
canal treated systems. Therefore, the 
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Abstract
Advances in Endodontic therapy have enabled the clinician to retain teeth previously destined for 
extraction. Theoretically, all bacteria present in the oral cavity may invade the root canal during or 
after pulp pathosis, and thereby participate in Endodontic infections. However, because of 
bacterial interactions and varying oxygen pressures inside the root canal, bacteria present in 
Endodontic infections include a restricted group of species. The objective of this ex-vivo study 
was to evaluate the antimicrobial efficiency of mineral trioxide aggregate with 0.12% 
chlorhexidine gluconate and sterile water on: Enterococcus faecalis, Pseudomonas aeruginosa, 
Candida albicans, Escherichia coli, Staphylococcus aureus The aim of this ex vivo, agar-
diffusion study is to determine whether substitution of Chlorhexidine Gluconate in place of sterile 
water as a mixing agent would enhance this antimicrobial activity. From the study we concluded 
that Mineral Trioxide Aggregate with Chlorhexidine exhibited greater antimicrobial efficacy than 
Mineral Trioxide Aggregate with water against all the microorganisms used in this study.
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elimination or reduction of bacteria from 
[3]the root canal  forms one of the 

components of the triad in root canal 
therapy. Mineral Trioxide Aggregate 
(MTA) was introduced to dentistry by 
Torabinejad et al in 1993 and has been 
used successfully as a root- end filling 
material. It has been advocated for 
repairing perforations, pulp capping, and 

[4]apexification.  MTA reacts with tissue 
fluids to form an apical barrier. As a 
result, MTA shows promise as a valuable 
material for use in one-visit apexification 
treatment, primarily for treating 
immature teeth with necrotic pulps.[4] 
Chlorhexidine is a broad spectrum 

[5]antimicrobial agent  and at low 
[6]concentrations it is bacteriostatic  and at 

higher concentrations Chlorhexidine will 
cause the coagulation and precipitation of 
cytoplasm and therefore is bactericidal.
Most of the endodontic failures are 
attributable to inadequate cleansing of 
the root canal and egress of bacteria and 
other antigens into periradicular tissues. 
Therefore, in addition to having good 
sealing ability and biocompatibility root 
end filling material should ideally have 
some anti microbial activity to prevent 

[7]bacterial growth.
The present study is to observe 
antimicrobial efficacy of MTA with 

Chlorhexidine, as this aspect will form a 
sound scientific foundation for the 
effective use or the acceptability of the 
combination in clinical situation.
The objective of this ex-vivo study is to 
evaluate the antimicrobial efficiency of 
MTA with 0.12% chlorhexidine 
gluconate and sterile water on:
1. Enterococcus faecalis
2. Pseudomonas aeruginosa
3. Candida albicans.
4. Escherichia coli
5. Staphylococcus aureus
The aim of this ex vivo, agar-diffusion 
s tudy is  to  determine whether  
substitution of Chlorhexidine Gluconate 
in place of sterile water as a mixing agent 
would enhance this antimicrobial 
activity.

Materials & Method
The present ex-vivo study has been 
undertaken in the Post-Graduate 
Department of Conservative Dentistry 
and Endodontics, S.P.P.G.I.D.M.S., 
Lucknow in association with the 
Department of Microbiology, Sanjay 
Gandhi Post Graduate Institute of 
Medical Sciences, Lucknow.
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Discussion
MTA has been used successfully in the 
repair of lateral root perforations, furcal 
perforations, as a vital pulp capping 
agent, as an apical plug in one visit 
apexification cases. As root-end filling 
material, MTA has the ability to stimulate 

[4]osteoblast activity.  Since 2002, MTA 
has been marketed as white colored 
ProRoot Mineral Trioxide Aggregate.

[8]According to Torabinejad et al.  MTA 
was divided into calcium oxide and 
calcium phosphate. Further analysis 
demonstrated that the former appeared as 
discrete crystals and the latter as an 
amorphous structure with no apparent 
crystal growth but a granular appearance. 

[9]Since MTA  can be compared to 
Portland cement, the water confined in 
hardened Portland cement finds itself 
within a structure saturated with calcium 
hydroxide. This calcium hydroxide is 
mainly the soluble fraction of set 
Portland cement. When the mix comes in 
contact with an aqueous environment of a 
different saline concentration, Portland 
cement absorbs water. The water trapped 
in the cement mix and saturated by 
calcium hydroxide is then released to the 
environment. The pores and capillaries of 
the structure, now empty absorb fresh 
water. This water is again released along 
with the calcium hydroxide that has 
dissolved. In this way, water is 
continuously diffusing in and going out 
of the mass. In the case of Mineral 
Trioxide Aggregate once placed in situ 
and left undisturbed there are very less 
chances of influx or efflux of fluid 
process in the cement mass because the 
surrounding tissues are already saturated 
with fluid. This situation will end up in 
making set MTA a structure containing 
capillaries filled with fluid rich in 
calcium hydroxide. This justifies the 
prolonged and sustained antimicrobial 
effect of MTA. Thus, MTA possesses 
antimicrobial activity because of its high 
Ph 12.5 and several studies have 
investigated this activity (Khalid Al-

[10]Hezaimi et al., 2005 ; Ayce Unverdi 
[11]Eldeniz et al. 2006 ; Khalid Al-Hezaimi 

[12]et al., 2006 ).
Chlorhexidine has been suggested as an 
irrigation solution and an intracanal 
medication. Chlorhexidine is a cationic 
molecule consist ing of  two 4-
chlorophenyl rings and two bisbiguanide 
group with optimal antimicrobial action 

[13]over the pH range of 5.5 to 7.0.  
Chlorhexidine has been proven to have 
strong antibacterial activity against a 

Armamentarium
1. Chlorhexidine (0.12%)
2. Sterile water
3. MTA-Mineral Trioxide Aggregate 

(Proroot, Dentsply Mallifer),
4. Test tubes (3 x 4 cm) - 56
5. Test tube holders
6. Ultrasonic stirrer
7. Agar plates
8. Antibiotic zone scale
9. Incubator
10. Luria Bertani broth
11. Brain heart infusion broth
12. Sabouraud’s dextrose media
13. Spirit lamp
14. Inoculating tubes
15. Drier
16. Micropippetes (20 µl, 200µl, 1000µl)
17. Cotton swab with wooden stick

The selected microorganisms were:
a) Standard Strains of Candida albicans 

ATCC 90028
b) Standard Strains of Pseudomonas 

aeruginosa ATCC 27853
c) Standard Strains of Staphylococcus 

aureus ATCC 25923
d) Standard Strains of E. coli ATCC 

25922
e) Standard Strains of Enterococcus 

faecalis ATCC 29212

Experimental groups were:
A) Mineral Trioxide Aggregate with 

Chlorhexidine Gluconate
B) Mineral Trioxide Aggregate with 

sterile water
C) Chlorhexidine
D) Sterile water

Method
ATCC strains of Enterococcus faecalis, 
Escherichia coli and Pseudomonas 
aeruginosa were inoculated into 5 ml 
samples of Luria Bertani broth and 
incubated aerobically for 24 hrs at 37° C.
Standard strains of Staphylococcus 
aureus was grown in brain heart infusion 
broth and incubated aerobically for 24 hrs 
at 37° C.
ATCC strains of Candida albicans was 
grown in Sabouraud’s dextrose media at 
37° C and incubated aerobically for 24 
hrs.
One hundred - micro liter aliquots of each 
suspension (standardized to McFarland 
4) were spread on 25 agar plates. Five 
plates per strain for the test. After 
inoculation, two wells of 5 mm diameter 
were made in the agar.
One pack of (100mg) of MTA is mixed 
with 36 micro liters of 0.12% CHG or 

sterile water.
The resultant mixture is divided into 
three equal parts; one part is transferred 
to a well on each plate so that each of the 
25 experimental agar plates had one well 
filled with the MTA / CHG mixture 
(33mg MTA/12microlitre Chlorhexidine 
per well) and the other filled with the 
M TA /  Wa t e r  m i x t u r e  ( 3 3 m g  
MTA/12microlitre sterile water per 
well). Fives independent assays were 
p e r f o r m e d  f o r  e a c h  o f  t h e  
microorganisms.
A control Mueller Hinton agar plate for 
each of the microorganisms was made 
using sterile paper disc of 5 mm diameter 
from Whatman filter paper placed on 
opposite sides of the agar plate saturated 
with equal 12-µl samples of 0.12% CHG 
or sterile water were used to saturate each 
disc.
All plates were incubated at 37°C for 24 
hrs and the zones of diameters were 
measured after 24 hours.

Criteria For Evaluation
The antimicrobial sensitivity pattern 
represented as the zone of inhibition was 
measured around each disc. Antibiotic 
zone scale was used for this purpose and 
measurements of each zone were 
recorded in millimeters.

Results And Observations
• Water did not show any antimicrobial 

a c t i v i t y  a t  a l l .  H o w e v e r ,  
Chlorhexidine showed maximum 
antimicrobial activity against C. 
albicans (18 mm) while minimum for 
E. faecalis (10 mm) (Table: 1)

• MTA was a lways inhibi tory 
regardless of the mixing liquid used

• The mean antimicrobial efficacy of 
Chlorhexidine with MTA was 
significantly higher as comparedto 
Water+MTA. (Table:2)

Table 2 : Antimicrobial Efficacy Of Mta With Sterile Water 
And Mta With Chlorhexidine (Overall Antimicrobial Efficacy)

S. No.

1.

2.

Compounds Tested

Water+mta

Chx+mta

N

25

25

Mean

13.36

15.16

Sd

2.12

2.32

"T"

2.863

"P"

0.006

Table 1 : Zones Of Inhibition Seen For Sterile Water And 
Chlorhexidine

S. No.

1.

2.

3.

4.

5.

Microbial Strain

E. Faecalis

P. Aeruginosa

C. Albicans

S. Aureus

E. Coli

Zone Of Inhibition (In Mm)

Water

0

0

0

0

0

Chlorhexidine

10

12

18

12

13
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MTA/Chlorhexidine mixtures produced 
greater zones of inhibition than the 
MTA/Water mixtures.

[17]According to Mahmut Summer et al.  
MTA mixed with Chlorhexidine 
materials created weak inflammatory 
responses characterized by the presence 
of fibrous connective tissue, indicated 
that they were well tolerated by the 
tissues, therefore, MTA / CHG seemed to 
be biocompatible.
Control group of sterile water showed no 
inhibition and control groups of 
Chlorhexidine always were inhibitory. It 
showed a good response by inhibiting the 
growth. From these findings it can be 
concluded that the Chlorhexidine in the 
MTA mixture was producing the 
enhanced antimicrobial action.
It is imperative for the bactericidal 
material to be harmful to the bacterial 
cells or otherwise since targeted 
antibacterial/cytotoxic effect is still an 
illusive phenomenon. The antibacterial 
substances do have their cytotoxic effects 
which are beyond the purview of the 
organization of the present study.
Thus, to conclude in this in vitro study 
substitution of 0.12% Chlorhexidine 
gluconate for sterile water in ProRoot 
Mineral Trioxide Aggregate increased 
the antimicrobial effect.
This present study analyzed only the 
antimicrobial efficacy of Mineral 
Trioxide Aggregate/Chlorhexidine in Ex-
vivo environment, further studies are of 
essential paramount before one could 
recommend the combination of Mineral 
Trioxide Aggregate/Chlorhexidine for 
clinical use.

Conclusion
The following conclusion is arrived from 
the present ex-vivo study:
Mineral Trioxide Aggregate with 
Chlorhexidine exhibited greater 
antimicrobial efficacy than Mineral 
Trioxide Aggregate with water against all 
the microorganisms used in this study.
The ex-vivo settings in the present study 
preclude the many variables found in the 
actual clinical situation because of the 
differences in the physical state (e.g. 
setting and working times). Considering 
the results of the present investigation, 
Chlorhexidine has several properties that 
suggest it can be a suitable alternative to 
water to be mixed with Mineral Trioxide 
Aggregate, but further research is 
required to assess various other aspects.
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