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Introduction
Obtaining a root canal system free of irritants is a major goal of 
root canal treatment because remains micro-organisms may cause 
persistent inflammation in the periradicular tissues [1,2].

It has been reported that viable bacteria remain within the 
canal system even after mechanical preparation [3]. These 
observations call for an effective intracranial disinfection of the 
root canal system. The effectiveness of intracanal medications in 
achieving disinfection is still controversial. Tissue toxicity seems 
to be directly related to its antimicrobial effects. The most potent 
antimicrobial medications are also the most irritating to the host 
tissues [4].

Sodium hypochlorite, a clear straw-colored reducing agent, 
in concentrations ranging from 0.5% to 5.25% is currently one 
of the most commonly used reagents in endodontic therapy. Its 
antimicrobial and tissue-dissolving properties have been widely 
reported. In addition, it is inexpensive, has a long shelf-life, and 
is readily available. Unfortunately, the use of NaOCl does not 
come without reservations. Its extreme cytotoxicity elicits severe 
inflammatory tissue reaction, when accidentally injected beyond 
the root apex, followed by extreme pain, edema, and hematoma 
[4-6].

Chlorhexidine gluconate solutions in varying concentrations 
of (0.2-2%) have been recommended as an endodontic irrigant. 
Its broad spectrum activity against Gram-positive and Gram-
negative bacteria, its ability to adsorb to dental tissues and mucous 
membrane with prolonged gradual release at therapeutic levels, as 
well as its biocompatibility are some of the properties that justify 
its clinical use [4-6].

Enterococcus faecalis, is a facultative Gram-positive anaerobic 
coccus that is a known endodontic pathogen. It has been frequently 
recovered from the root canals of teeth associated post-treatment 
diseases and persistently causes root canal infection. It is also 
resistant to interappointment medicaments, including calcium 
hydroxide. It may also reside in the canals as single species without 
the support of other microorganisms. These microorganisms under 
specific conditions have the ability to infect the whole length 
of tubules within few days. Hence it’s of prime importance to 
eradicate these bacteria from the root canal [2].

With the introduction of lasers to the field of conservative 
dentistry and endodontic treatment has been enriched by a 
multitude of new treatment methods that improved the chances for 
a successful treatment outcome.

With the great progresses in the field of laser technology, 
semiconductor lasers such as diode laser are gaining increasing 
importance. The diode laser can achieve an output power of several 
watts and shown to be highly reliable and effective; the diode 
laser can be recommended for endodontic treatment because its 
wavelength of 980nm which is within the infrared range, it also has 
thin, flexible light-conductor fiber [7-9].

Medicaments or irritants used in combination or in succession 
have been reported to be effective for canal disinfection [10].
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Methods and materials
70 extracted single rooted teeth with fully developed apices 

were collected from the Department of Oral and maxillofacial 
surgery, A. B. Shetty Memorial Institute of Dental Sciences, 
NITTE University, Mangalore. The teeth used for study purposes 
were obtained from the patients after receiving their consent. The 
teeth were disinfected as per Occupational Safety and Health 
Act (OSHA) / Centre of Diseases Control (CDC) regulations 
and cleaned from attachment debris and calculus, and used [3]. 
The crowns were then removed 2 mm above the cemento-enamel 
junction by using a high-speed diamond bur (SS White®Burs, 
USA, and ISO 9001) with water coolant. Working length will be 
determined with the help of the Dental radiovisiography (Intra 
Skan. DC, SKANRAY Technologies, Mysore, India). The roots 
would be prepared by serial preparation to #30 k-file (DENTSPLY 
Maillefer, China), with saline as irrigant, for easier inoculation 
of bacteria. The preparation would be stopped at the apical 
constriction. Two coats of nail Varnish are applied to seal the apex. 
The canals have to be dried with sterile paper points (DENTSPLY 
Maillefer, China) and sterilization achieved using an Autoclave at 
121°C (MELAG Medizintechnik Geneststraβe, Berlin, Germany) 
for 15 min with teeth immersed in distilled water [2].

Selection and preparation of bacteria: A pure bacterial 
culture of the Gram-positive cocci Enterococcus faecalis (ATCC 
10541) [Hi Media Laboratories, Mumbai, India] was obtained. 
The grown bacterial colonies were then harvested and placed in 
Mueller-Hinton nutrient broth (Hi Media Laboratories, Mumbai, 
India) and incubated for 24 hrs at 37°C under aerobic conditions. 
The turbidity of Mueller-Hinton broth containing E. faecalis was 
adjusted to McFarl and 0.5 standard which corresponds to 1.5×108 
colonies. Then the 20 µL of the bacterial culture was transferred 
into the canal lumen of the mechanically enlarged root canals 
using a sterile micropipette and stored at 48 hrs at 37°C.

The selected prepared teeth were randomly divided into 7 
groups (ten teeth for each group) (Table 1):

Group 1: Sterility control here canals are not contaminated 
with E. faecalis this is done to evaluate that there should be no 
contamination of the canals by other micro-organism.

Group 2: positive control here the canals is inoculated with E. 
faecalis and were not treated with any irritant 

Group 3: In these samples between each step of biomechanical 
preparation, 3% NaOCI will be used as an irritant.

Group 4: In these samples between each step of biomechanical 
preparation, 2% CHX will be used as an irritant.

Group 5: Here after the biomechanical preparation 980 NM 
Diode laser (KaVo GENTLEray 980 Classic Plus, Switzerland) 
is used with a fiber tip of 200 µm with the power of 2.5 watts in 
continuous mode. The fiber tip was inserted into the root canal at a 
distance of 1mm from the apical foramen and moved from apex to 

coronal region in consecutive circular motion with 3 cycles each 
cycle of 5 secs [4].

Group 6: Here between each step of preparation, 3% NaOCI 
(Vensons Pvt. Ltd, Bangalore, India) will be used as irrigant. And 
980 nm diode laser will be used after preparation as used in group 5.

Group 7: Here between each step of preparation, 2% CHX 
(Vishal Dentocare Pvt. Ltd, Nashik, India) will be used as irrigant. 
And 980 nm diode laser will be used after preparation as used in 
group 5.

The experimental teeth were then irrigated with 1 ml of normal 
saline solution. The saline solution from the canals was collected 
in a sterile test tube. Samples from test tubes showing turbidity 
were streaked with nichrome wire loops (4 mm) on agar plates and 
incubated at 37°C for 48 h, for the confirmation of Enterococcus 
colony growth). Data obtained were tabulated and analyzed 
statistically for differences using chi-squared test, comparing pairs 
of groups, with a significance level established at P<0.05.

Results 
The comparisons between all the groups is shows there is a 
significant difference between the control groups and the test 
groups (Tables 2 and 3) (p=<0.001). In Group 1, no E. faecalis 
was inoculated and there was no contamination. Group 3 and 6 
were significantly effective as there was no growth of E. faecalis 
compared to group 4 and 5 (p=<0.001) (Tables 4 and 5; Figure 1), 
group 7 was significantly more effective than group 4 and group 
5 (p=<0.001) (Tables 6 and 7; Figure 2). There was no statistical 
significance between group 7 and group 3, 6 (p=0.474), maximum 
amount of growth was seen in group 2 (Tables 8 and 9; Figure 3).

Discussion
Microorganisms in the root canals have long been recognized 
as the primary etiologic factors in the development of pulp and 
periapical lesions [11]. Elimination of the micro-organisms is one 
of the important objectives for successful root canal treatment. It 
is necessary to chemically Debride teeth with complex internal 
anatomy or other irregularities that might be missed by the 
instrumentation of the root canals [12]. Hence the use of irrigants 
during root canal treatment is of prime importance.

The use of irrigating solutions is basically used for removal 
of tissue debris and microorganisms and prevents formation 
of apical plug that can block the root canal which is produced 
during instrumentation [13]. It is also used for removal of smear 
layer and increase cutting efficiency of the instruments [14]. The 
ideal requirement of irrigating solution was: dissolving action, 
germicidal effect and non irritating to the periapical tissue. 
Unfortunately, no single irrigant fulfills all of these criteria [15].

E. faecalis (ATCC 10541) was selected as the test organism 
because it is commonly associated with root canal failure cases and 
persistent apical periodontitis. It is also resistant interappointment 
calcium hydroxide dressing [2]. They also have the ability to 
reside in the canals without the support of other micro-organisms 
and under specific conditions have the ability to infect the whole 
length of tubules within few days.

In the present study 3% NaOCl is used as an irritant that showed 
no growth of E. faecalis in the canals, it is a broad-spectrum 
antimicrobial agent. It has powerful oxidative activity not only 
dissolves the papal and dentinal tissue but also flushes them out 
of the canals [16]. Even though being one of the most widely used 

Table 1. Description of the various study groups.

Groups Group Description 
Group I Sterility Control Group
Group II Positive Control Group
Group III 3% NaOCl Group
Group IV 2% CHX Group
Group V 980 nm Diode Laser Group
Group VI 3% NaOCl + 980 nm Diode Laser Group
Group VII 2% CHX + 980 nm Diode Laser Group
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reagents in endodontic therapy but its toxicity to periapical tissues 
remains a principle concern [17]. Hence there is a need of irrigant 
which could be used as a substitute to sodium hypochlorite having 
similar advantages and lesser cytotoxic effects.

Chlorhexidine is used in various concentrations (0.002-2%), 
they have the ability to bind to the hydroxyapatite components and 
gradually releases bound chlorhexidine hence they protect against 
the microbial colonization beyond the intended period [5,17]. 

As per the results, 2% CHX solution was efficient in partially 
disinfecting the canals hence cannot be suggested as sole root 
canal irrigant.

Recently lasers have shown great promise in the field of 
Endodontics also in the removal of smear layer in instrumented 
root canals. Studies have demonstrated the bactericidal effects of 
diode laser are very promising in root canals [18,19]. Moritz et 
al. reported that an 809-nm diode laser was able to clean the root 

Groups Total
Positive 
Control

Negative 
Control

CHX NaOCl Laser CHX + 
Laser

NaOCl + 
Laser

Growth NG     Count 0 10 0 10 0 8 10 38
% within 
Growth

0.0% 26.3% 0.0% 26.3% 0.0% 21.1% 26.3% 100.0%

% within 
group

0.0% 100.0% 0.0% 100.0% 0.0% 80.0% 100.0% 54.3%

< 103 Count 0 0 2 0 10 2 0 14
% within 
Growth

0.0% 0.0% 14.3% 0.0% 71.4% 14.3% 0.0% 100.0%

% within 
group

0.0% 0.0% 20.0% 0.0% 100.0% 20.0% 0.0% 20.0%

103 Count 0 0 8 0 0 0 0 8
% within 
Growth

0.0% 0.0% 100.0% 0.0% 0.0% 0.0% 0.0% 100.0%

% within 
group

0.0% 0.0% 80.0% 0.0% 0.0% 0.0% 0.0% 11.4%

105 Count 10 0 0 0 0 0 0 10
% within 
Growth

100.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0%

% within 
group

100.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 14.3%

Total Count 10 10 10 10 10 10 10 70
% within 
Growth

14.3% 14.3% 14.3% 14.3% 14.3% 14.3% 14.3% 100.0%

% within 
group

100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

(NG- no growth, CFU- colony forming units, CHX- chlorhexidine, NaOCl- sodium  hypochlorite, LA- laser) 

Table 2. Description of the various study groups.

Table 3. Chi-Square Tests (p value).

Value Exact Sig. (2-sided)
Fisher's Exact Test 107.236 .000
No of Valid Cases 70

(NG- no growth, CFU- colony forming units, CHX- chlorhexidine,NaOCl- sodium hypochlorite, LA- laser)

Colony Total
NG <1000 >=1000

Group CHX Count 0 2 8 10
% within Group 0.0% 20.0% 80.0% 100.0%
% within Colony 0.0% 16.7% 100.0% 33.3%

NaOCl Count 10 0 0 10
% within Group 100.0% 0.0% 0.0% 100.0%
% within Colony 100.0% 0.0% 0.0% 33.3%

LA Count 0 10 0 10
% within Group 0.0% 100.0% 0.0% 100.0%
% within Colony 0.0% 83.3% 0.0% 33.3%

Total Count 10 12 8 30
% within Group 33.3% 40.0% 26.7% 100.0%
% within Colony 100.0% 100.0% 100.0% 100.0%

Table 4. Cross tabulation of CFU in various groups.
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canal wall as well as close the dentinal tubules [13].
In this study 980 nm diode laser is used, the antibacterial 

action of the diode laser is not as effective as 3% NaOCl but is 
significantly more effect compared to 2% CHX. The inability of 
the diode laser to completely kill the bacteria could attribute to the 
penetration of E. faecalis deep into the dentinal tubules because 
of the removal of smear layer prior to contamination [20]. The 
delivery of energy of the laser beam is only when it is focused due 
to this it may not be possible to direct the beam over the entire 
root canal surface. Another factor that could prevent complete 
elimination of E. faecalis could be the anatomy of the root canals.

This problem could be solved with the use of combination 

between laser and irrigants. The combination of diode laser and 
2% CHX have proved to be significantly effective compared to the 
use of laser and chlorhexidine alone. A combined regimen of CHX 
with laser irradiation was found to be a potentially very effective 
in inhibition of bacterial growth [20].

In this study there was no significant difference is the effect 
between 3% NaOCl and the combination of 980 nm diode laser 
and 2% CHX hence a combination of 2% CHX and diode laser 
can be used as an alternative to 3% NaOCl for disinfection of 
root canals to prevent from hypochlorite accident and in cases 
where NaOCl is contraindicated such as cases with open apex and 
blunderbuss canals and in patients with NaOCl allergy [21,22].

Value Exact Sig. (2-sided)
Fisher's Exact Test 42.619 .<0.001
No of Valid Cases 30

Table 5. Chi-Square Tests (p value).

Value Exact Sig. (2-sided)
Fisher's Exact Test 17.217 <0.001
No of Valid Cases 20

Table 7: Chi-Square Tests (p value).

Figure 1. Group wise comparisons of the growth of 
E. faecalis in Group 3, 4 and 5.

(NG- no growth, CHX- chlorhexidine, CHX+LA- chlorhexidine in combination with laser)

Colony Total
NG <1000 >=1000

Group

CHX
Count 0 2 8 10

% within GROUP 0.0% 20.0% 80.0% 100.0%
% within COLONY 0.0% 50.0% 100.0% 50.0%

CHX+LA
Count 8 2 0 10

% within GROUP 80.0% 20.0% 0.0% 100.0%
% within COLONY 100.0% 50.0% 0.0% 50.0%

Total
Count 8 4 8 20

% within GROUP 40.0% 20.0% 40.0% 100.0%
% within COLONY 100.0% 100.0% 100.0% 100.0%

Table 6. Cross tabulation of CFU in various groups.
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Figure 2. Group Wise comparisons of the 
growth of E. faecalis in group 4 and 7.

Group Total
NaOCL CHX+ LASER

Growth NG Count 10 8 18
% within growth 55.6% 44.4% 100.0%
% within group 100.0% 80.0% 90.0%

<1000 Count 0 2 2
% within growth 0.0% 100.0% 100.0%
% within group 0.0% 20.0% 10.0%

Total Count 10 10 20
% within growth 50.0% 50.0% 100.0%
% within group 100.0% 100.0% 100.0%

Table 8. Cross tabulation of CFU in various groups.

Figure 3. Group Wise comparisons of the growth of E. faecalis in 
group 3 and 7.

Value df Asymp. Sig. (2-sided) Exact Sig. (2-sided)
Pearson Chi-Square 2.222a 1 .136 .474
N of Valid Cases 20

Table 9. Chi-Square Tests (p value).
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Conclusion
From the results of this study it could be concluded that 3% NaOCl 
was the most effective irrigant for disinfection of root canals with 
E. faecalis. 980 diode laser was significantly more effective than 
2% CHX and combination of 2% CHX and laser was significantly 
more effective than laser alone and was as effective as 3% NaOCl 
and hence can be used as an alternative for 3% NaOCl.
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