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Abstract

Effectiveness of root canal

disinfection greatly determines

the success of endodontic treat-

ment. The purpose of this study

was to evaluate the bacterial

killing efficacy of chlorhexidine

(CHX) activated with a Gemni

980 nm diode laser. Bacterial kill at the apical one third of the endodontically

prepared roots were assessed using the 3D fluorescent microscope (SZX16) after

staining the tooth with BacLight SYTO 9 (Live/Dead). The percentage of bacterial

kill was calculated by measuring the total amount of green pixels (live bacteria)

and red pixels (dead bacteria) using the Image color summarizer image color sta-

tistics and clustering program (Circos—Circular Genome Visualization/Martin

Krzywinski). The 3D fluorescent ex-vivo tooth model allowed real time measure-

ment of the percentage of bacterial kill at specified time points by capturing the

bacterial kill on the external surface of the root, hence indicating the amount of

penetration of the irrigation solution through the radicular dentine. Compared to

CHX alone, both Endoactivator and diode laser treatment groups showed signifi-

cantly better bacterial kill following a 72-hour study period (P > .05). However, of

clinical importance is the larger number of bacteria killed with laser assisted irriga-

tion immediately following treatment when compared to the use of CHX alone.
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1 | INTRODUCTION

Due to the highly complex nature of the root canal system, a
complete elimination of bacteria inside the root canal system
remains one of the biggest challenges in successful

endodontic treatment [1–7]. Primary endodontic infections
have a polymicrobial nature, and is dominated by gramnega-
tive anaerobic rods. Refractory endodontic infections consist
of fewer bacterial species mostly gram-positive anaerobes.
Enterococcus faecalis is a Gram-positive facultative anaerobe

Received: 30 April 2020 Revised: 28 May 2020 Accepted: 25 June 2020

DOI: 10.1002/tbio.202000008

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.

© 2020 The Authors. Translational Biophotonics published by Wiley-VCH GmbH.

Translational Biophotonics. 2020;2:e202000008. www.tbio-journal.org 1 of 6

https://doi.org/10.1002/tbio.202000008

https://orcid.org/0000-0001-7876-1334
mailto:drroygeorge@gmail.com
http://creativecommons.org/licenses/by/4.0/
http://www.tbio-journal.org
https://doi.org/10.1002/tbio.202000008


and a persistent organism that plays amajor or role in the eti-
ology of persistent periradicular infection post endodontic
treatment. Eliminating E. faecalis will ensure greater end-
odontic success and prevention of reinfection [8].

The effectiveness of endodontic irrigation depends on
the ability of the irrigant to not only flush debris and
medicament out of the canal space but also its ability to
disinfect the root canal space and dissolve pulp remnants
[9]. Activating irrigants in the root canal space was
reported to improve their chemical and physical effi-
ciency [9, 10]. Common irrigants used in the canal space
are ethylendiaminetetraacetic acid (EDTA) and sodium
hypochlorite (NaOCl) used in combination to chelate
dentine particles, dissolve pulpal soft tissue and kill bac-
teria [5]. Chlorhexidine 2% and NaOCl 6% have been
reported to be the most effective irrigation solutions in
eliminating E. faecalis [8].

The Endoactivator is a sonically driven system
designed to safely activate intracanal irrigation solutions
and maximize the hydrodynamic phenomenon, which
enables more effective disinfection [11]. Endoactivator
system achieves hydrodynamic activation primarily
through the production of vigorous intracanal fluid agita-
tion with acoustic streaming and cavitation. This hydro-
dynamic activation is reported to enable better
penetration, circulation and flow of irrigants into more
inaccessible regions of the root canal system [12].

There has been growing evidence to support diode
lasers as an effective procedure in enhancing dentine
smear layer removal and disinfection of the root canal
system in endodontic treatment [10, 13]. Recent studies
have shifted its interest to laser generated shockwaves
(LGS) in fluids to assist agitation of irrigants with
enhanced debridement of the canal and removal of the
smear layer.

There is variability in the virulence of microorgan-
isms found throughout the infected root surface biofilms
[14]. A 3D model proposed by Ma et al. allowed for quan-
titative assessment of bacterial virulence for short- term
disinfection in sectioned roots [15]. Disadvantages of this
model stem from its inability to assess the uniformity of
bacterial kill of medicaments over set time points, or the
survival dynamic of the bacterial biofilms over a time
period. The study design allowed evaluation of only a
small section of the root dentine. A novel model devel-
oped by Chen et al. allowed assessment of the uniformity
of bacterial kill over the entire root surface in real time at
different time periods [16]. The ability to monitor bacte-
ria kill in real time following application of intra canal
medications could allow for better assessment of the effi-
cacy of treatment.

There is no current study on the use of diode laser
aided fluid dynamics in enhancing the action of

chlorhexidine gluconate. The aim of this study was to
compare and evaluate the percentage of bacterial kill in
dental biofilm by chlorhexidine alone and when agitated
with Endoactivator or 980 nm near-infrared diode laser.
We adopted a 3D model that measured the percentage of
bacterial kill on the external roots surface of the tooth,
which indicates the effectiveness of irrigation regimens
in penetrating radicular dentine and eradicating tubule
invasion.

2 | METHODOLOGY

Sixty extracted human teeth with one root and intact
crown were collected from the Griffith University Dental
School tooth bank. All teeth had their root surface scaled
using an ultrasonic scaler to remove any calculus and
debris, and subsequently autoclaved for 30 minutes at
121�C, then exposed to UV sterilization for 1 hour.
Straight-line access to the root canal system was obtained
with a sterile bur and the working length was determined
by inserting a size 10K file (Dentsply; Mount Waverley,
VIC, Australia) to the apical foramen of the tooth and
then retracted by 1 mm to render the apical stop 1 mm
short of the apical foramen. All canals were prepared to a
size corresponding to a Protaper Universal X3 file as per
the manufacturer's recommendations (Dentsply; Mount
Waverley, VIC, Australia). Teeth that exhibits external or
internal root resorption were omitted. Canals were irri-
gated using a 30 guage needle with 1% NaOCl (Dentalife
Pty Ltd, Dentalife, Ringwood, Victoria, Australia;
0.2 mL/s) and 15% EDTA containing cetrimide (Dentalife
Pty Ltd, EDTA-C 15%; Endoprep solution; Bayswater,
VC, Australia). Canals were irrigated with a final rinse of
EDTA-C for 2 minutes and dried with paper points
(Dentsply; Mount Waverley, VIC, Australia).

2.1 | Model setup and biofilm growth on
root surface

This study followed a similar ex-vivo 3D model as previ-
ously reported [16]. Each tooth was fitted in a 5 mL ster-
ile cylindrical vial, by puncturing a hole into the coverlid
of the vial and sealing it with sticky wax. To prevent bac-
terial ingress into the canal space via the apical foramen
during biofilm growth, a small amount of flowable com-
posite (Premise Flowable, Kerr Dental, NSW, Australia)
was used to seal the apex, and a sterile Protaper Next X2
paper point (Dentsply Sirona, Mount Waverly, Victoria,
Australia) placed into the canal space. The roots within
the vial were submerged in filtered human saliva (sup-
plied by a single volunteer) for 48 hours, incubated at
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37�C to ensure pellicle formation on the external root
surface [17]. E. faecalis strain DSI016 (ATCC 4083) cells
were cultured in Todd Hewitt broth (THB) (Oxoid, North
Ryde, NSW, Australia) and incubated at 37�C for
24 hours, shaking at 180 rpm (Thermo Scientific MaxQ
6000 Incubating Shaker; Vernon Hills, Illinois) and then
adjusted to an OD of 5 × 106 CFU/mL. The saliva in the
vial was removed after 48 hours and 5 mL of THB was
inoculated with 10 μL of the E. faecalis suspension and
placed in the vial. All samples were then incubated at
37�C in a static condition for 6 days and all of the THB
was replaced every 48 hours to ensure viability of
bacteria.

2.2 | Root canal irrigation

The samples were then divided into four groups
depending on the root canal irrigation regime: Group
1, no treatment; Group 2, chlorhexidine (CHX) delivered
with manual syringe and a 30-gauge needle at the rate of
0.2 mL/s; Group 3- CHX with Endoactivator agitation for
1 minute and Group 4- CHX with diode laser activation.
In Group 2 and 3 root canals were filled with the CHX
irrigant and agitated manually using the irrigation needle
or endo-activator respectively for 1 minute. CHX
(Colgate Savacol) was delivered into the canal with an
endodontic 30-gauge irrigant needle (Pro Rinse,
Dentsply, SW). The irrigant was not topped up during the
agitation process. In the Laser group CHX was delivered
into the canal as mentioned above, however following
this the canal was irradiated with a laser (Gemini Diode
Laser- using 980 nm wavelength at 4 watts) for five acti-
vation cycles lasting for 15 seconds with a gap of 5 sec-
onds applied for a total of 1 minute for each root canal
with the tip withdrawn from the root canal. Infrared laser
safety glasses (Glass Aqua VLT 70% DI 10600 L3, Univet;
Rezzato, BS, Italy) were worn prior to laser activation.
All groups had their canals dried with paper points and
access cavities sealed with Cavit G (3M; North Ryde,
NSW, Australia) following treatment and returned to
fresh 1/10 diluted THB. One trained researcher/operator
performed all the treatment procedures to maintain the
consistency.

2.3 | Fluorescent evaluation of samples

The Baclight (Invitrogen Corporation, Carlsbad, Califor-
nia) stain was prepared as per the manufacturer's instruc-
tions. Root surface biofilms were stained with the
Baclight by submerging the roots in 3 mL of stain for
15 minutes in the dark at 37�C. Excess stain was removed

by immersing the root three times in fresh 1× phosphate
buffered saline (PBS). The mesial and distal root surfaces
and apical third of all samples were photographed at
0, 24, 48 and 72 hours using an Olympus 3D fluorescent
microscope (SZX16) with a mounted DP 72 Olympus
12.5-megapixel digital camera. The images were captured
using a GFPHQ (green) for live bacteria or RFP1 (red) fil-
ter for dead bacteria. The images were then analyzed
using the IMAGE COLOR SUMMARIZER RGB, HSV,
LCH & Lab image color statistics and clustering. Roots
and associated biofilms-maintained hydration between
time points by placing 5 mL volume of 1/10 THB into
vials.

3 | RESULTS

All treatment groups showed a higher percentage of
dead bacteria compared to the “No treatment” group
(Figure 1). ‘No treatment’ group showed minimal bacte-
rial killing over time. CHX group demonstrated less
than 35% kill rate at the initial time points (0 hours and
24 hours) (Figure 2B) which improved with time
(Figure 2C,D). Bacterial kill for CHX + Endo-activator
and CHX + Laser treatment group was above 60% bacte-
rial kill at 24 and 48 hours and both groups maintained
a steady increase at later time points (48, 72 hours).
Interestingly, CHX + Laser treatment group showed
over 80% of bacterial kill by 48 hours, indicating that
the irrigation effect was more effective at 48 hours of
being in the canal system. Chlorhexidine with manual
agitation was the least effective treatment group com-
pared to the Endo-activator and near infrared diode
laser treatment groups. Overall, data showed that CHX
+ Laser treatment group was most effective at all time
points tested compared to no treatment group, with a

FIGURE 1 Percentage of bacterial kill over a 72 hours time

period
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significant (P < .05) bacterial kill during 0 hours to
48 hours when compared to CHX alone (Figure 1).
However, in terms of the effect of Endo-activator vs near
infrared diode laser, observationally we did notice a
trend that the near infrared diode laser was more effec-
tive in terms of bacterial kill, however statistically the
difference was not significant (P = .0593).

4 | DISCUSSION

This study evaluated the efficacy of chlorhexidine in
removing external root surface biofilm when agitated with
a 980 nm near infrared diode laser and Endoactivator.
Due to the complexity of the root canal system, it is
established that root canal instruments will not completely
shape and clean the canals walls and hence chemical dis-
infection of the root canal system is critical for the success
of root canal treatment [18]. Efficacy of irrigation is depen-
dent on the irrigation volume [17], closer proximity of

irrigation to the apex [19], the temperature of the solution
[20] and the type of fluid dynamics produced by agitating
devices [21]. This study used conventional side venting
needles syringe irrigation with manual agitation as con-
trol. Manual agitation of irrigant is recognized to only pro-
duce weak fluid movement that is not sufficient to remove
bacterial biofilms [22] and hence this corresponds to the
lowest percentage of bacterial kill compared to the other
treatment groups; achieving less than 30% total kill up to
24 hours. A recent report by Walia et al. [23], looked into
irrigation solution for pulpectomy in deciduous teeth in
which E. faecalis was isolated. The study showed no signif-
icant difference between using CHX or sodium hypochlo-
rite, both achieved significant bacterial reduction, hence
CHX was chosen for this study as it has fewer complica-
tions for clinical use compared to NaOCl or hydrogen per-
oxide. The antimicrobial action of CHX increases with
time [24], and slowly penetrates through the dentine
layers, our results are consistent with that observation con-
sidering the percentage of bacterial kill in the CHX group
increases significantly only after 48 hours. The Endo-
activator is a sonically driven irrigation system that pro-
duces hydrodynamic forces allowing for better contact of
the irrigation solution with the complex radicular dentine
anatomy and hence disruption of the biofilm and smear
layer [25]. Therefore, the initial increase in percentage of
bacterial kill of approximately 60% and is maintained
through 72 hours but no significant increases at each time
point.

Recently there has been increasing interest in laser
generated shockwaves (LSG) in fluids. However, this abil-
ity of LGS to debride the canal, remove smear layer and
disinfect the root canal space depends upon the energy
absorption within the fluid, shape and duration of the
laser pulse, and the power density achieved at the fiber
tip [10]. It has been reported the development of micro
and macro-bubbles and their collapse (cavitation) could
help increase the contact of irrigant fluids, and hence effi-
cacy of root canal irrigants by creating a fluid movement
and shear stress that helps remove smear layer [26, 27].
Amongst the various near infrared diode laser available
for use in dentistry, the 980 nm has a better water
absorption [28]. During the laser agitation process the
photo-thermal process allowed for formation of macro
bubbles within the first 5 seconds. Heated CHX is known
to have better disinfectant properties [29] therefore the
initial high increase in percentage of bacterial kill at
0 hours (close to 80%) could be attributed to not just the
photo-thermal process, but also the agitation consequent
with the formation and collapse of microbubbles. Jain
2012 used a similar in vitro fluorescent technique to mea-
sure the percentage of bacteria kill on matured biofilm,
warm CHX reported an average 67% dead bacteria

FIGURE 2 Representative images of bacterial kill (Green

indicating live bacteria and red or loss of green indicating bacteria

kill) at 0 hours and 24 hours. A, Control No Treatment; B,

Chlorhexidine (CHX); C, CHX + Endoactivator; D, CHX + Laser

activation

4 of 6 JIANG ET AL.



compared cold CHX at only 20% [20]. While a rise in tem-
perature could damage the surrounding periodontal tissues,
Schoop et al. [30] however reported that diode lasers had
the safest temperature increase compared to other lasers,
hence is ideal for root canal disinfection [31]. Regardless of
the design of the end firing tip (radial or forward firing) it is
important to ensure that the dose is adjusted based on the
volume of the canal and tip is in constant motion while acti-
vated in the root canal [26, 27].

Endodontic pathogens can be present several hun-
dred microns into the dentinal tubules [32]. Photothermal
laser disinfection using a near infra-red diode class of
laser takes into consideration the bactericidal effect that
may be beyond 1 mm of the thickness of dentin [33]. Near
infra-red diode lasers activate and agitate irrigant fluids
thus enhancing the overall disinfection of the root canal
system [26]. Importantly the ability to modify laser fiber
optic tips to direct laser energy on to the walls of the
root canal space, can further enhances the agitation effect
and prevents extrusion of the irrigating past the apex
[34]. For this study direct irradiation with the fiber tip
was placed within the root canal at its working length,
and light emission at tip and from the lateral sides, thus
leading to even horizontal and vertical light distribution
for disinfection. According to Walia et al. [23] 980 nm
near-infrared diode has antimicrobial action on its own
due to laser scattered radiation and photodynamic effects,
therefore not just purely relying on the irrigation solution
to disinfect the canal space. For this study, clinically near
infrared diode laser combines with CHX demonstrated
the highest percentage of bacterial kill (>80%) compared
to the other treatment groups with over 80% achieved on
the external root surface over a 72-hour period.

Clinically this study is significant in terms of establishing
the action of 980 nm near infrared diode laser in combina-
tion with CHX in achieving instant bacterial kill at the time
of application, as supported by the initial high kill rate that
was steadily increased to >80% by 72 hours. This can be use-
ful when it comes to performing pulpotomy where achieving
hemostasis and initial disinfection is vital. As 980 nm wave-
length is highly absorbed in hemoglobin it has the ability to
control bleeding and the potential to achieve hemostasis in a
shorter amount time [35]. The significantly more bacteria
killed with laser assisted irrigation supports the incorpora-
tion of diode laser into the endodontic irrigation protocol.
This could not only enhance treatment outcome but also
reduce the number of appointments or even under take sin-
gle visit procedures. This study did not use enhanced side-
firing tips which could have allowed for better dispersion of
laser energy on the walls of the root canal [26, 32, 33].

For this experiment we measured the percentage of
bacterial kill on the external root surface, as over time
the irrigation solution is able to penetrate the radicular

dentine to reach the outside of the root. This indicates
there is an unrecorded larger percentage of bacterial kill
may be present closer to the internal root canals where
the solution was initially deposited. There was a signifi-
cant increase in bacterial kill up to 48 hours for both
Endo-activator and laser group compared to CHX alone,
whereas CHX group showed a slow increase of bacterial
kill at 48 and 72 hours, reaching to just above 60% even
at 72 hours, indicating the effect of penetration of CHX
solution is limited without the aid of an agitating device
such as near infrared diode laser.

5 | CONCLUSION

Agitation of irrigation may facilitate more effective and
deeper penetration of CHX solution into the dentinal
tubules. Compared to CHX alone both Endoactivator and
diode laser treatment groups showed significantly more
bacterial kill following a 72-hour period. However, the
significantly larger bacteria killed with laser assisted irri-
gation immediately following treatment when compared
to the use of Endoactivator may be considered as clini-
cally relevant. Not only may these findings provide
grounds for expanding the use of mid-infra-red diode lasers
into other applications in dentistry, but also to more reliably
assist the disinfection of the root canal space.
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