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ABSTRACT
Aim: To evaluate the antimicrobial efficacy of diode laser,
triphala, and sodium hypochlorite (NaOCl) against Enterococccus faecalis contaminated primary root canals.
Materials and methods: Forty-nine single-rooted human
primary teeth were reduced up to cemento-enamel junction
and biomechanically prepared. After sterilization, five teeth were
selected as negative controls and remaining teeth were inoculated with E. faecalis. The teeth were then randomly divided into
four groups. The first group was irradiated with diode laser, the
second group was irrigated with sodium hypochlorite, and the
third group with triphala solution. The fourth group served as
the positive control. The antimicrobial efficacy was tested by
collecting transfer fluid saline from the canals and counting the
colony forming units (CFUs) of viable E. faecalis on agar plates.
The Mann–Whitney test was used to analyze the results, using
Statistical Package for the Social Sciences software version 19.
Results: The results showed that mean bacterial CFU
were 8.00 ± 7.87 for laser, 58.60 ± 16.63 for triphala, and
69.80 ± 19.57 for NaOCl. Laser group showed significant
reduction in the colony count compared to the other groups.
Triphala group showed better antibacterial activity than NaOCl,
but the difference was not statistically significant.
Conclusion: Laser was most effective against E. faecalis and
triphala can be used as an alternative disinfectant to NaOCl
in primary root canals.
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INTRODUCTION
Pulpectomy involves complete removal of necrotic pulp
tissue in a primary tooth. The main goal of pulpectomy is
to disinfect the root canal completely. The biomechanical
preparation in primary teeth is done, not only to enlarge
the pulp canals but also to remove pulpal tissues. It is
impossible to remove all the remaining tissue due to
the tortuous root canals in the primary teeth. Use of
mechanical instrumentation alone cannot clean this
tubular network sufficiently. So irrigants have been used
along with mechanical instrumentation to achieve better
debridement. Medicaments are used to improve the prognosis and predictability of endodontic treatment. They are
used to eliminate any remaining viable bacteria in the root
canal system that has not been destroyed by biomechanical preparation. It reduces periradicular inflammation,
prevents or arrests inflammatory root resorption, prevents
reinfection of the root canal system, and reduces pain.1
Enterococcus faecalis is a facultative organism which
is resistant to various intracanal medicaments and persistently found in infected primary root canals.2 Sodium
hypochlorite (NaOCl) and chlorhexidine (CHX) have
shown antibacterial activity against E. faecalis. But studies
by Estrela et al,3 showed that NaOCl or CHX have low
ability to reduce E. faecalis. have demonstrated good
antimicrobial action in the root canal system. Gutknecht
et al4 showed that diode laser had reduced 74% of E. faecalis under in vitro conditions. Diode laser showed good
results in in vivo conditions also. It could eliminate the
microorganisms by deep penetration into the dentinal
tubules.5
Over the last decade, use of herbal drugs as intracanal
irrigants in endodontic treatment has increased. Triphala
is an ayurvedic medicine that mainly contains “halituki”
(Terminalia chebula), “amulaki” (Emblica officinalis), and
“bibhitaki” (terminalia bellirica). The citric acids from the
fruits aid in the removal of smear layer and act as chelating agent. Prabhakar et al6 evaluated the antimicrobial
activity of triphala against E. faecalis in permanent teeth
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Table 1: Mean bacterial colony forming units in different groups
Mean ± standard deviation
Median

Positive control
295.40 ± 21.90
293.00

Negative control
0
0

and have suggested it as an alternative to NaOCl. Literature search showed no articles on the use of triphala
as an intra canal irrigant in primary root canals. Hence
this study was planned to evaluate and compare the
antimicrobial efficacy of triphala with the gold standard
sodium hypochlorite and lasers in primary root canals
contaminated with E. faecalis.

MATERIALS AND METHODS
The study protocol was analyzed and approved by the
Institutional Review Board of K.S.R. Institute of Dental
Science and Research, Tiruchengode, Tamil Nadu, India.
The study comprised of 49 single-rooted human primary
teeth which did not have physiological or pathological
resorption more than apical ⅓rd of root. The crowns of
the teeth were reduced up to the cement enamel junction.
Access opening was done and the pulp was removed
with a barbed broach, and the root canals were prepared
using stainless steel K files up to 40 size. Sterile saline
solution was used as an irrigant, and the root canals
were dried using sterile paper points. The apical foramina were sealed with composite resin. The samples were
then autoclaved for 15 minutes at 121°C. Five teeth were
selected randomly to serve as negative controls with no
bacterial contamination. A pure culture of Enterococous
faecalis in nutrient broth was used for inoculation into
the remaining 44 teeth. A 0.01 ml suspension from this
nutrient broth was inoculated into each canal using a
sterile insulin syringe. Then samples were incubated
for one week under aerobic conditions. To provide sufficient nutrients, 0.01 ml of nutrient broth was added
every day into each canal for one week and incubated.
After the incubation period, five inoculated teeth were
chosen to serve as positive controls, while the rest were
randomly divided into three experimental groups of 13
canals each. Randomization was done using a computer
generated table of random numbers. The nutrient broth
inside the canal was dried out completely, using sterile
paper points before intervening each canal. In first group
laser irradiation was done five times for 5 seconds, with
a 15-second interval between the irradiations. Laser
treatment was carried out with a diode laser (Piccaso,
AMD laser, Dentsply, USA), at a wavelength of 810 nm
and output power of 2 Watts (W) in the repeated pulse
mode, using a pulse duration of 20 minutes and a pulse
interval of 40 minutes. Irradiation was performed with
circling movements from down to up motion. The second

NaOCl
69.80 ± 19.57
71.00

Laser
8.00 ± 7.87
8.00

Triphala
58.60 ± 16.63
64.00

group was irrigated with 3% NaOCl solution (Vensons
India, Banglaore) for 5 minutes. The third group was
irrigated with triphala solution [made by dissolving the
commercially available triphala powder (Nilogram India
Pvt. Ltd, Bangalore) in the solvent 10% dimethyl sulfoxide
(DMSO) in 1:3 dilution] for 5 minutes. In positive control
group five teeth were irrigated with 5 mL of normal saline
for 5 minutes.
The root canals of all the teeth were dried with sterile
paper points, after the completion of procedures. The
canals of all the teeth were refilled with normal saline
as transfer fluid and kept for one minute.7 Sterile paper
points were used to collect the transfer fluid and placed
into a test tube containing 10 mL of sterile saline. This
saline from each test tube was applied to nutrient agar
culture plates and incubated at 37°C for 48 hours. The
CFU for each plate was calculated using bacterial colony
counter (Fig. 1). The bacterial count was statistically
analyzed with Statistical Package for the Social Sciences
software version 19, using Kruskall–Wallis analysis of
variance followed by posthoc Mann–Whitney U test.

RESULTS
The mean bacterial CFUs in the experimental groups
and positive control group has been shown in Table 1.
The positive control group showed the highest number
of bacteria (295.40 ± 21.90), and the laser diode group
showed the highest antimicrobial activity with least CFU
(8.0 ± 7.87). No colonies were inoculated in the negative control, and hence, no CFU were seen in them. The
mean CFUs of NaOCl group (69.80 ± 19.57) and triphala
group (58.60 ± 16.63) was almost same. Better antimicrobial efficacy was seen in laser, followed by triphala and
NaOCl. The comparison between the different groups has
been shown in Table 2. All experimental groups showed
statistically significant antimicrobial activity compared
to the positive control. Laser group showed significant
Table 2: Comparison of the antimicrobial efficacy of
different groups
Groups
Positive control vs NaOCl
Positive control vs laser
Positive control vs triphala
NaOCl vs laser
NaOCl vs triphala
Laser vs triphala

p value*
0.009
0.009
0.009
0.019
0.341
0.009

*Mann–Whitney U test; †Sodium Hypochlorite (NaOCl)
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antimicrobial efficacy than triphala (p = 0.009) and NaOCl
(p = 0.019). Triphala group showed more antibacterial
activity than NaOCl, but the difference was not statistically significant.

DISCUSSION
This randomized control trial was conducted to determine the efficacy of triphala, diode laser, and NaOCl to
eradicate E. faecalis from the experimentally contaminated
primary root canals.
E. faecalis is a gram positive facultative anaerobe and a
known endodontic pathogen. E. faecalis reduces the action
of lymphocytes and hence result in endodontic failure.
It has serine protease, collagen-binding protein (Ace),
which helps the bacteria to attach to dentin. They are also
small enough to invade and survive within the dentinal
tubules8 and can be isolated frequently from the failed
root canal treated teeth.2 The efficacy of an irrigant can be
demonstrated by evaluating the antimicrobial activity of
the irrigant against these E. Faecalis.
Sodium hypochlorite has been commonly used for
endodontic procedures in primary teeth. The bactericidal
effect of NaOCl was due to the release of hypochlorous
acid and active chlorine.9 The depth of penetration of
NaOCl is limited to 100 μm, whereas the depth of penetration of E. faecalis is up to 300 to 400 μm.10,11
Bacteria deep in root dentin are safe from instrumentation and irrigation, due to limited depth of penetration of
the irrigants. This has led to the search of new disinfectants against endodontic pathogens like E. faecalis. Diode
laser was introduced to root canal treatment as a effective
tool in disinfecting the canals.4 The depth of penetration of
diode laser was up to 1000 μm into dentinal tubules which
attributes to the superior bactericidal effect of diode laser
irradiation.10,11 Laser irradiation with its inherent properties of local intensity enhancement, light scattering,
and attenuation makes superior antimicrobial efficacy

A

B

and light penetration deeper in the dentin tubules.12,13
The diode laser has thermal photodisruptive action in
dentin, resulting in an increased bactericidal effect in the
root canal system. Kuvvetli et al14 recommended the use
of diode laser five times for 5 seconds each time, with a
interval of 15 seconds between irradiations at a wavelength of 810 nm and output power of 2 W. Gutknecht
et al4 have shown that laser had good antibacterial activity in permanent teeth. There is limited literature which
assessed the antibacterial effect of lasers in primary root
canals. In this study, the diode laser showed maximum
antibacterial activity against E. faecalis in primary teeth.
This was congruent with the study done by Mehrvarzfar
et al,7 where laser had better antimicrobial activity than
NaOCl and CHX. But the use of laser in a clinical setting
may not be convenient considering the safety control
and the cost.15
Natural products have been used in dental and
medical fields for many years and have become more
popular today. With changes in lifestyles and treatment modalities, the pathogens are also becoming more
resistant. The importance of the natural medicine and
herbal drugs come to play in these situations as they
have an advantage of being safe, biocompatible, and
nontoxic. Many herbal medicines have a potential use
in endodontics. Although herbal intracanal irrigants
have been used in permanent teeth, studies are limited
in primary teeth.16,17 Triphala solution in 10% Dimethyl
sulfioxide (DMSO) has good antibacterial effect and can
be used as an intracanal irrigant in permanent teeth.6 No
literature is available on the use of triphala in primary
teeth. Hence, in this study, an attempt was made to find
the minimum inhibitory concentration (MIC) of triphala
solution. MIC of triphala in different concentrations of
DMSO was evaluated. 1gm of triphala powder in 2ml of
DMSO showed maximum antibacterial activity. In this
concentration, the solution was too viscous to be loaded
in the irrigation syringe. So in this study, triphala solution

C

Figs 1A to C: Sample of nutrient agar plate: (A) After spreading the transfer fluid from root canals; (B) after incubation with
numerous colonies of E. faecalis; and (C) after incubation with few colonies of E. faecalis
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was used in 1:3 dilution. This dilution showed a slightly
better antibacterial efficacy than NaOCl, but it was not
statistically significant. Hence triphala solution can be
used as an alternative to the conventional irrigant, NaOCl.
In children, accidental exposure or overdose of NaOCl or
other chemical irrigants can be harmful. Hence there is
always a need for safe and natural irrigants while treating
children. This in-vitro study has brought into light a) the
antimicrobial efficacy of triphala solution in primary teeth
b) laser has better antimicrobial efficacy than triphala and
NaOCl. Further in-vivo research is required for better
understanding of the efficacy of triphala as an intracanal
irrigant in primary teeth.

CONCLUSION
Within the limitations and the experimental conditions of
this study, the following conclusions can be made:
• Diode laser almost completely eradicated E. faecalis
from the root canals of primary teeth.
• Saline was not able to eradicate E. faecalis.
• Triphala showed better antibacterial efficacy than
NaOCl. Sodium hypochlorite can be substituted with
triphala due to its herbal properties.

ACKNOWLEDGMENTS
Authors would like to acknowledge Dr Chandrashekar
Varadharaju, PhD; Prathaban Munisamy, MSc; and
Sharmila Devi Natarajan, MPhil for helping them carry
out the study.

REFERENCES
1. Murvindran V, Raj D J. Antibiotics as an Intracanal Medicament in Endodontics. J Pharm Sci Res 2014;6(9):297-301.
2. Rana V, Baba SM, Pandey A. Bacteriology of infected deciduous root canal – a review. People J Sci Res 2009;2(2):45-48.
3. Estrela C, Silva JA, de Alencar AH, Leles CR, Decurcio DA.
Efficacy of sodium hypochlorite and chlorhexidine against
Enterococcus faecalis – a systematic review. J Appl Oral Sci
2008 Nov-Dec;16(6):364-368.
4. Gutknecht N, van Gogswaardt D, Conrads G, Apel C,
Schubert C, Lampert F. Diode laser radiation and its bactericidal effect in root canal wall dentin. J Clin Laser Med Surg
2000 Apr;18(2):57-60.

5. Moritz A, Gutknecht N, Schoop U, Goharkhay K, Doertbudak O,
Sperr W. Irradiation of infected root canals with a diode laser
in vivo: results of microbiological examinations. Lasers Surg
Med 1997;21(3):221-226.
6. Prabhakar J, Senthilkumar M, Priya MS, Mahalakshmi K,
Sehgal PK, Sukumaran VG. Evaluation of antimicrobial
efficacy of herbal alternatives (Triphala and green tea
polyphenols), MTAD, and 5% sodium hypochlorite against
Enterococcus faecalis biofilm formed on tooth substrate: an
in vitro study. J Endod 2010 Jan;36(1):83-86.
7. Mehrvarzfar P, Saghiri MA, Asatourian A, Fekrazad R,
Karamifar K, Eslami G, Dadresanfar B. Additive effect of a
diode laser on the antibacterial activity of 2.5% NaOCl, 2%
CHX and MTAD against Enterococcus faecalis contaminating root canals: an in vitro study. J Oral Sci 2011 Sep;53(3):
355-360.
8. Stuart CH, Schwartz SA, Beeson TJ, Owatz CB. Enterococcus
faecalis: its role in root canal treatment failure and current
concepts in retreatment. J Endod 2006 Feb;32(2):93-98.
9. 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 Jun;26(6):331-335.
10. George S, Kishen A, Song KP. The role of environmental
changes on monospecies biofilm formation on root canal wall
by Enterococcus faecalis. J Endod 2005 Dec;31(12):867-872.
11. Moritz, A.; Beer, F.; Goharkhay, K.; Schoop, U. Laser supported
root canal sterilization. Oral Laser Application. 1st ed. Chicago
(IL): Quintessence Publishing; 2006. p. 254-277.
12. de Souza EB, Cai S, Simionato MR, Lage-Marques JL. Highpower diode laser in the disinfection in depth of the root canal
dentin. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
2008 Jul;106(1):e68-e72.
13. Schoop U, Kluger W, Moritz A, Nedjelik N, Georgopoulos A,
Sperr W. Bactericidal effect of different laser systems in the
deep layers of dentin. Lasers Surg Med 2004;35(2):111-116.
14. Kuvvetli SS, Sandalli N, Topcuoglu N, Kulekci G. Antibacterial
efficacy of diode and Er:YAG laser irradiation in experimentally contaminated primary molar root canals. J Clin Pediatr
Dent 2009 Fall;34(1):43-48.
15. Parker S. Laser regulation and safety in general dental practice.
Br Dent J 2007 May;202(9):523-532.
16. Nara A, Dhanu, Chandra A, Anandakrishna L, Dhananjaya.
Comparative Evaluation of Antimicrobial Efficacy of MTAD,
3% NaOCl and Propolis Against E Faecalis. Int J Clin Pediatr
Dent 2010 Jan-Apr;3(1):21-25.
17. de Rezende GP, da Costa LR, Pimenta FC, Baroni DA. In vitro
antimicrobial activity of endodontic pastes with propolis
extracts and calcium hydroxide: a preliminary study. Braz
Dent J 2008;19(4):301-305.

International Journal of Clinical Pediatric Dentistry, January-March 2017;10(1):14-17

17

