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Abstract Some lasers have demonstrated to provide effective
disinfection when used as adjunctive device to the conven-
tional treatment. The aim of this in vitro study was to deter-
mine the effectiveness of the erbium, chromium:yttrium scan-
dium gallium garnet (Er, Cr:YSGG) laser by measuring its
bactericidal effect inside the root canal experimentally colo-
nized with Enterococcus faecalis. The laser was tested at
different irradiation times (30 and 60 s) and energy of im-
pulses (75 and 25 mJ). A total of 52 single-rooted extracted
human teeth were endodontically prepared with rotary instru-
mentation. All were sterilized and inoculated with a suspen-
sion of E. faecalis (105 bacteria/ml). The teeth were random-
ized into three treatment (group 1, group 2, and group 3) and
one control groups. In all groups, teeth were chemically
irrigated with 5.25% sodium hypochlorite and 17% ethylene-
diaminetetraacetic acid. Groups 1 and 2 were also irradiated at
30 and 60 s, respectively, with an Er, Cr:YSGG laser at 75 mJ.
Teeth of group 3 were treated with laser for 60 s at 25 mJ.
Samples were processed to detect the presence of E. faecalis.
For all groups, a bactericidal effect was observed. The use of
laser at 75 mJ with an irradiation time of 30 and 60 s elimi-
nated a percentage of 92.3 and 100 % of E. faecalis, respec-
tively. In the control group, a reduction of 92.3 % was ob-
served. Lower percentage of reduction (46.1 %) was obtained
in teeth treated with laser at 25 mJ for 60 s. No statistical
differences were observed between the groups (P=0.543,
Fisher’s exact test). The results indicated a bactericidal effect
of Er, Cr:YSGG laser irradiation at the settings used in this

study. The highest bactericidal effect of this laser was ob-
served at 60 s of irradiation time, using an energy pulse of
75 mJ.
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Introduction

The success of endodontic treatment depends on the effective
elimination of microorganisms from the root canal. Approxi-
mately 50 microbiota have been quoted as being involved in
root canal infections, but anaerobic bacteria play a key role in
infectious conditions of the root canal [1]. Enterococcus
faecalis (E. faecalis) has been shown to be the most common-
ly encountered bacterium in posttreatment dental infections as
it is characterized by a marked persistence despite effective
chemo-mechanical procedures. Indeed, the biological proper-
ties of this species allow the bacterium to survive in the
adverse conditions within the canal, where concentrations of
nutrients are low and alkaline conditions are prevalent. It has
been reported that the bacterium could be isolated from one
third of root canals after unsuccessful endodontic treatment
[2–5].

The eradication of microorganisms from infected root ca-
nals is a complicated issue [6]. Several procedures have been
described by which to disinfect root canals, including the use
of numerous mechanical techniques, combined with different
irrigation regimens and intra-canal medicaments. As bacteri-
cidal potential is developed through direct cell contact, chem-
ical disinfections have to spread into the system in order to be
effective. It has been demonstrated that sodium hypochlorite
(NaOCl) is of limited use in penetrating and disinfecting
dentinal tubules, and its efficacy is susceptible to temperature,
concentration, and exposure time. Ethylenediaminetetraacetic
acid (EDTA) is more effective in penetrating dentinal tubules
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than NaOCl, but no total disinfection has been demonstrated.
The use of chlorexidine in disinfecting root canals was intro-
duced as a final rinse, but it has weak penetrative power
[7–11]. The relative importance of deep dentine infections
for the prognosis of treatment is not yet known, but all infected
habitats within the system may well represent important res-
ervoirs, from which root canal infection may reoccur after
treatment [12].

Recently, new antimicrobial approaches to improving the
disinfection of root canals have been suggested, and one of
these includes the use of lasers. Laser light is thought to be
able to reach areas which are inaccessible with conventional
techniques (e.g., bacteria deeply located in the fins, lateral
canals isthmuses, and dentinal tubules). Given the character-
istics of laser light (i.e., monochromatic, coherent, and direc-
tional) and the fact that direct contact between the target and
fiber tip is not required, the use of laser (in addition to
traditional procedures) could point the way to disinfecting
areas which are difficult to access. Various laser systems have
demonstrated their disinfecting capability when used in addi-
tion to conventional treatment [13, 14]. For example, the
erbium, chromium:yttrium scandium gallium garnet (Er,
Cr:YSGG) laser has been approved by the FDA for the
cleaning of root canals [15]. Little is known about the effec-
tiveness of the Er, Cr:YSGG laser in eliminating bacteria
which may infect root canals, and the results of studies on this
field are somewhat conflicting. Moreover, few studies have
investigated the correlation between the irradiation time and
the effectiveness of bactericidal action. Finally, the effective-
ness of the Er, Cr:YSGG laser set at low impulse energy has
not been extensively researched.

The aim of this in vitro study was to determine the effec-
tiveness of the Er, Cr:YSGG laser by measuring its bacteri-
cidal effect inside root canals which had been experimentally
colonized with E. faecalis. We also tested its antimicrobial
effect for different irradiation times (30 and 60 s), and the
effectiveness of the Er, Cr:YSGG laser was evaluated using
different impulse energies in order to assess its disinfecting
capability in the absence of any thermal potential.

Material and methods

Specimens

Seventy human teeth were obtained from patients affected by
dental caries or severe periodontal disease. Those having one
root and single canal were selected, whereas those having
curved roots or any other abnormal shape were discarded.
Those roots having more than one canal were also discarded,
leaving a total of 52 human teeth which were used in the study.
The teeth were carefully cleaned with a curette to completely
remove soft tissues and adherent materials; they were then

stored in a phosphate buffer until required. The root was
separated from the rest of the tooth with the use of a diamond
bur, and the root canal depth was measured with a K-file
no.10. Selected roots were cleaned with a simultaneous tech-
nique deploying Ni-Ti files with a 30.06 gauging final apical
preparation, using an Mtwo file system (VDW GmbH, Mu-
nich, Germany) [16]. The whole operation was mechanically
performed under continuous irrigation with sodium hypo-
chloride 5.25 % and EDTA 17 %. The specimens were finally
rinsed with NaCl for 30 s, and the canals were closed in their
apical region bymeans of bonding to prevent bacterial leakage
(Fig. 1).

Experimental procedures

The specimens were placed into test tubes and sterilized by
autoclaving (121 °C for 20 min). Thereafter, the specimens
were dried and placed in a sterile box at 37 °C for 24 h. A pure
culture of E. faecalis, grown in a brain–heart infusion broth
(BHI) (Difco, Detroit, MI, USA) was used to contaminate the
root canals. The broth culture was obtained by incubating E.
faecalis at 37 °C for 24 h. After checking for turbidity (using a
McFarland standard and a quantitative determination by serial
dilutions), an aliquot of 10 μl of the E. faecalis broth culture at
a density of about 105 CFU/ml was inoculated into each root
canal using sterile 1-ml tuberculin syringes.

After contamination, the specimens were incubated at
37 °C for 24 h, according to previously described protocols
[17–19]; they were then divided into four groups (13 speci-
mens each) following a simple randomization and treated
according to the following protocols:

Group 1: laser irradiation, 30 s cycle in 17 % EDTA and
5.25 % NaOCl (E = 75 mJ);

Group 2: laser irradiation, 60 s cycle in 17 % EDTA and
5.25 % NaOCl (E = 75 mJ);

Group 3: laser irradiation, 60 s cycle in 17 % EDTA and
5.25 % NaOCl (E = 25 mJ);

Fig. 1 View of some specimens obtained after the mechanical
procedures
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Group 4: 17 % EDTA and 5.25 % NaOCl irrigation as a
control group.

The assignment of the specimens to the groups was
performed in a double-blind manner.

During the laser irradiation cycles, the root canals were
steadily irrigated with a 2-ml fluid in order to maintain hydra-
tion and levels, using a hand syringe with a 27-gauge needle
which was positioned at the root canal entrance, accordingly
to the above protocol (Fig. 2). Thereafter, the group 1, 2, and 3
specimens were immediately rinsed with saline water, and the
group 4 specimens were rinsed with saline water after 30 min.

The E. faecalis residual colonies in the root canal were
extracted with sterile paper points which were left in the canal
for 1 min and then transferred into tubes containing 5 ml of
BHI broth. The broths were vortexed and incubated at 37 °C
to a maximum of 4 days. An aliquot of 100 μl of each broth
tube was then subcultured onto two vancomycin-resistant
enterococci (VRE) agar base plates, whilst the remaining
broth was incubated at 37 °C for 4 days. This allowed for a
qualitative and quantitative assessment of bacterial survival.
The turbidity of the incubated broth was inspected every day
for 4 days, and, when present, the presence of E. faecalis was
confirmed by subculturing the broth onto VRE agar.

Microbiological procedures were performed in a blind
manner.

The laser

An Er, Cr:YSGG laser (Biolase, Irvine, CA) with a wave-
length of 2,780 nm was used to irradiate the root canals after
mechanical instrumentation (Fig. 3). The laser operating pa-
rameters used for groups 1 and 2 (using the free-running
emissionmode) were as follows: E = 75mJ, 0.75W, 10 pulses
per second, with a pulse duration of 140μs, and peak power of
535 W. The laser was set at E = 25 mJ, 0.25 W, 10 pulses per
second, with a pulse duration of 140 μs, and peak power of
178W for group 3 specimens. The coaxial water spray feature

of the handpiece was set to off. The tip (Waterlase MD
Endolase RFT; diameter = 200 μm; length = 25 mm) was
placed at the root canal entrance, and it was kept stationary
and not advanced any further into the canal. The loss of power
was as much as 70 %, with the use of this tip.

Statistical analysis

The data obtained were statistically analyzed for differences
using the Fisher exact test, comparing pairs of groups, with a
significant level established at P<0.05. Data management and
analysis were performed using a statistical software program
(StatView 5.0.1., SAS Institute, Inc. Cary, NY).

Results

The data obtained for each treatment group are presented in
Table 1.

A bactericidal effect was observed for all groups. One of
the previously contaminated root canals untreated with laser
and one that had received laser irradiation lasting for 30 s
yielded positive cultures. Bacterial growth was verified in six
specimens treated with the laser for 60 s (E = 25 mJ). E.
faecalis was recovered from all positive cultures, and a posi-
tive culture was not detected among the group 2 specimens.

The use of the laser at 30 and 60 s (E = 75 mJ) eliminated
92.3 and 100 % of E. faecalis, respectively, and a reduction of

Fig. 2 The use of Er, Cr:YSGG laser during the experimental procedures

Fig. 3 The Er, Cr:YSGG laser used in the study

Table 1 Results of cultures, following treatment of the root canals
contaminated with E. faecalis

Treatment groups Positive cultures no. (%)

1 (laser irradiation, 30 s cycle (E = 75 mJ)) 1/13 (7.69)

2 (laser irradiation, 60 s cycle (E = 75 mJ)) 0/13 (0)

3 (laser irradiation, 60 s cycle (E = 25 mJ)) 6/13 (45.15)

4 (no laser irradiation) 1/13 (7.69)
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92.3 % was observed in the control group; a lower reduction
percentage (46.1 %) was obtained for the group 3 specimens.
No statistical differences were observed between the four
groups (P=0.543, Fisher’s exact test).

Discussion

In this study, the root canal system was contaminated with E.
faecalis, a facultative Gram-positive anaerobic coccus, also
known as an endodontic pathogen. It was selected for use
because it exhibits a high level of resistance to a wide range of
antimicrobial agents, and it is frequently recovered from the
root canals of teeth associated with posttreatment diseases
[2–5]. Instrumentation techniques using rotary instruments
and chemical irrigation still fail to completely eliminate this
microorganism from inside the root canal. It is important to
validate the bactericidal action of different methods by using a
resistant microorganism such as E. faecalis. In addition to its
resistance, the persistence of E. faecalis is associated with the
difficulty of hand-irrigated, antimicrobial agents reaching var-
ious areas of the root canal system (apical third of the canal,
oval extensions, isthmuses, and anastomoses) and penetrating
into the dentinal tubules.

The use of lasers at different wavelengths has been pro-
posed to supplement conventional endodontic cleaning pro-
cedures in order to enhance the success of this treatment. The
action of the laser is founded not on the direct elimination of
microorganisms by thermal vaporization but probably by the
photomechanical streaming of fluids whichwere laser-activated
in the coronal portion of the tooth, with the formation of a
cavity containing bubbles inside a fluid (cavitation). This light
energy phenomenon is described as photon-induced photo-
acoustic streaming [20]. This process can allow the irrigants
to access otherwise inaccessible areas more easily, which
might be of assistance in the cleaning of canals of various
shapes. In addition, the cavitation bubbles expand, become
unstable, and then collapse (implosion) [21]. This implosion
will have an impact on the surfaces of the root canal, causing
shear forces, surface deformation, and the removal of surface
material [22].

In this study, an Er, Cr:YSGG laser was developed.
During the experimental procedures, the tip of the laser
was accurately placed in the coronal portion of the root
and kept there for the entire duration of irradiation. Thus,
the undesired effects of the thermal energy (previously de-
scribed in the literature) were avoided. Moreover, it has been
suggested that this facilitates the occurrence of the photome-
chanical effects in the root canal, and this may be of use in
cleaning canals of different shapes [23]. As the laser beam
delivers energy only where it is focused, a special 200-μm
diameter endodontic fiber tip was used to enhance directing
the laser light into the root canals. Moreover, access to the

entrance of the root canal was improved by virtue of the
reduced dimension of the tip.

The Er, Cr:YSGG laser was tested for different irradiation
times (30 and 60 s) and at different impulse energies to
investigate the importance of time as a variable for the effec-
tiveness of the bactericidal action, as reported in previous
studies [23, 24]. The different impulse energies (75 vs
25 mJ) were used in order to detect any differences in the
effectiveness of disinfection in the absence of any thermal
potential. As the tooth root is in contact with the alveolar bone
(via the periodontal membrane and ligament), thermal injury
to the periodontal tissues is of concern during laser use for
intracanalar applications. Thus, the use of low energy would
be beneficial in minimizing the increase in temperature in the
surrounding areas.

In this study, a solution of sodium hypochlorite was applied
to the root canals for 30 min because the latter corresponds to
the time required for this agent to be activated [25]. The time
difference between laser and sodium hypochlorite treatments
(30 and 60 s vs 30 min) is acknowledged, and it reflects
clinical conditions.

The results of this study have demonstrated a bactericidal
effect of Er, Cr:YSGG laser irradiation at the settings used in
this study. The highest bactericidal effect of this laser was
observed for an irradiation time of 60 s with an impulse energy
of 75 mJ. Bacterial growth of E. faecalis was verified in six
specimens treated with laser for 60 s at E = 25 mJ, in one
specimen treated with laser for 30 s at E = 75 mJ, and in the
control group. A greater degree of disinfection was thus
observed at higher irradiation times and impulse energies.
However, these differences did not prove to be statistically
significant.

Similar results have been obtained by Arnabat et al. [26]
who investigated the effectiveness of the Er, Cr:YSGG laser
by measuring its bactericidal effect inside root canals, exper-
imentally colonized with E. faecalis. They concluded that
NaOCl 5 % was as effective as the laser with an irradiation
time of 60 s. However, the laser was set at a higher power in
their study than that of this study (2 vs 0.25 W and 0.75 W).
Thus, the impulse energy used would consequently be higher
with the probable development of a thermal effect [26].

Cheng et al. [27] reached a similar conclusion when they
tested an Er, Cr:YSGG laser for disinfecting root canals con-
taminated with E. faecalis. The bacterial reductions in the root
canals treated with laser were significantly greater after treat-
ment than those obtained after only being treated with saline
[27]. The ability of an Er, Cr:YSGG laser to disinfect E.
Faecalis-infected canal roots was also investigated by Gordon
et al. [24]. As in this study, the authors found that bacterial
recovery decreased with increasing laser irradiation duration
or power [24].

A correlation between the duration of Er, Cr:YSGG laser
irradiation and its effectiveness in removing a smear layer and
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debriding the root canal walls was also found by DiVito et al.
[23]. They showed that root canals irradiated for 40 s were
significantly cleaner than those irradiated for 20 s. Unlike our
study, they showed that standardized instrumentation, follow-
ed by a final Er:YAG laser irradiation resulted in significantly
improved smear layer removal than was the case with tradi-
tional irrigation methods. However, the root canals of the
control group were irrigated with saline, which does not have
an antibacterial effect [23].

The irradiation time was also analyzed by Peeters and
Suardita [28], who observed the total absence of a smear layer
in root canals treated with Er, Cr:YSGG laser for 60 s, while
the root canals of teeth irradiated for 30 s exhibited a moderate
smear layer [28]. Different results to this study were also
reached by Eldeniz et al. [29] who compared the efficacy of
Er, Cr;YSGG laser with 3 % NaOCl in root canals contami-
nated with E. faecalis using similar experimental procedures.
Their findings showed that treatment with laser reduced the
viable microbial population in root canals, but it did not
eradicate all bacteria, while the NaOCl solution effectively
sterilized all root canals. However, in this study by Eldeniz
et al. [29], the pulse energy setting was not specified (the
authors referred to a range of between 25 and 300 mJ) and
the tip was inserted into the root canal and moved from the
apex to crown; therefore, it is not possible to make a compar-
ison between the two studies [29].

It is the opinion of the authors of this paper that an Er,
Cr:YSGG laser used at E = 75 mJ and irradiated for 60 s
constitutes a valid alternative to conventional treatment pro-
tocols (without a laser). One reason is the greatly reduced time
required for total disinfection which was obtained by using a
laser compared with the time spent during treatment using
chemical–mechanical protocols; in our study, the same bacte-
ricidal potential was observed when the laser was used for 60 s
and when irrigation was reduced in the root canals after a
period of 30 min. This is an important advantage (a) for the
dentist who could perform a successful endodontic disinfec-
tion, reducing operative times, and (b) for patients who would
benefit from reduced recovery time, thereby minimizing fear
and anxiety. Moreover, the complete sterilization of root ca-
nals was observed in this study when the laser was used for
60 s at 75 mJ. The study demonstrated that the photoactivated
irrigant could reach all bacterial cells and also those located in
the irregularities of the root canal. On the other hand, root
canals of teeth treated without laser revealed the persistence of
E. faecalis, even to a small degree. In a clinical setting, this
would be associated with unsuccessful endodontic treatment.

Furthermore, the activation of NaOCl by the Er, Cr:YSGG
laser enables the irrigant to reach less accessible areas without
any risk to the patient [30]; NaOCl is unselective and damages
human cells, dentine, and periodontal tissues with clinical
consequences. The branches of the facial nerves or the inferior
alveolar nerve have been reported to have been affected by

NaOCl which can lead to severe sequelae [31, 32]. This could
happen when irrigation is performed at high pressure, with a
discharge of the irrigant exiting the apex. Newly developed
commercial devices for irrigating have been proposed which
would permit the dissemination of NaOCl throughout the
canal areas, thus minimizing the risk of discharge. To date,
these devices have met with little success due to their com-
plexity of use [33, 34]; the use of lasers with the tip placed in
the coronal aspect of the canal involves minimal risk, requir-
ing a shallower learning curve by the operator.

In conclusion, the results presented in this paper indicate a
bactericidal effect of Er, Cr:YSGG laser irradiation for the
settings used in this study. Chemical–mechanical treatment in
the absence of a laser, as recommended by the standard
protocol, has demonstrated the same potential. Moreover,
the highest bactericidal effect of this laser was observed at a
60-s irradiation time with a pulse energy of 75 mJ, although
the differences between the groups were not statistical signif-
icant. These findings suggest that the addition of laser treat-
ment to conventional treatment protocols provides similar
bactericidal effects to conventional treatment alone but in a
shorter time. These results are of practical relevance as they
have demonstrated that the use of Er, Cr:YSGG laser leads to a
high bactericidal effect with a significant reduction in opera-
tive times (for dentists and patients), with a shallower learning
curve for dentists. Moreover, the clinical procedures per-
formed in endodontic treatment with this laser greatly reduce
any risk to the patient.
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