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Aim. To compare the disinfection effect of Er,Cr:YSGG laser using radial firing tips with NaOCI in root canals infected with C.
albicans and to evaluate the irradiation effect on the dentinal surfaces. Material and Methods. In total seventy-six mandibular
premolar teeth were used. In order to standardize the incubation and sterilization procedure, eight teeth were used. Sixty-eight of
the root canals were incubated with C. albicans suspension for 72 hours. The specimens were divided into 5 experimental groups.
Two groups were constituted as Group 1 was irradiated with 1.5W laser (𝑛 = 8) and group 2, which was irradiated with 2W laser
(𝑛 = 8). Two more groups were formed as Group 3 (2W laser (𝑛 = 25) and Group 4 NaOCI (5%) (𝑛 = 25). Group 5 (𝑛 = 2) did
not receive any treatment. Mann-Whitney U and Kruskal-Wallis H tests were used to compare the different laser output powers.
Wilcoxon Signed Ranks Test was used in order to compare the Candida cfu/ml levels according to treatment protocols (𝑃 < 0.05).
Results. Both 1.5W and 2W laser resulted in a major reduction of C. albicans without a significant difference. The comparison of
the dentin surfaces irradiated with Er,Cr:YSGG laser at two power settings resulted in similar morphological changes. However,
NaOCI was found to be more effective in reduction of C. albicans than 2W laser application. Conclusion. According to the results
of the present study, the Er,Cr:YSGG laser with radial firing tips presented less antifungal effects on C. albicans in root canals of
infected teeth than NaOCl solution.

1. Introduction

A number of factors have been identified as agents associated
with failure of endodontic therapy, including intraradicular
infections persisting in the apical part of the root canal, ex-
traradicular infections, extruded root canal filling, or other
materials that cause foreign body reactions and true cysts,
especially thosewith a significant accumulation of cholesterol
crystals [1, 2]. The most conclusive factor affecting the long-
termoutcome of endodontic treatment is persistence of infec-
tions in root canal system [3]. However the existence of acces-
sory canals, anastomoses and fins, makes the complete elimi-
nation of debris, bacteria, and yeast harder because of limited
penetration within the deeper layers of the dentin [4]. At
least 300 different microbial species can be found in root
canal infections of endodontic or periodontal origin [5].

Among these different species, yeasts have occasionally been
found in primary root canal infections, but they seem to be
more common in the root canals of obturated teeth in which
the treatment has failed [6]. Waltimo et al. [7] reported that
the majority of the recovered yeasts were Candida with
Candida albicans (C. albicans) being the most predominant
species. C. albicans can possibly be protected from the lethal
action of endodontic medicaments because they are able to
invade dentinal tubules to a variable extent [8]. In addition to
the invading ability, it has been demonstrated that C. albicans
are resistant to some medications commonly used in endo-
dontics, such as calcium hydroxide [6]. Both features may
help to explain why this particular fungal species has been
associated with cases of persistent root canal infections [6].

Although several irrigants have been suggested in root
canal disinfection over the years, sodium hypochlorite

Hindawi Publishing Corporation
BioMed Research International
Volume 2014, Article ID 938245, 8 pages
http://dx.doi.org/10.1155/2014/938245

http://dx.doi.org/10.1155/2014/938245


2 BioMed Research International

(NaOCl), at concentrations ranging from 0.5% to 5.25%,
remains the most effective and most widely used [9]. How-
ever, improper usage at high concentrations can lead to com-
plications during root canal irrigation, including accidental
injection of NaOCl into the periapical tissues, air emphy-
sema, and allergic reactions [10]. Additionally lasers have
been suggested to assist endodontic treatments recently, be-
cause of their ability to remove the smear layer and to achieve
efficient root canal system disinfection [11, 12]. The bacte-
ricidal effect of various laser systems in the root canal has
been investigated, and most studies showed favorable results
with regard to bacterial reduction [13–15]. Research on the
use of one such laser system, Erbium, Cromium: Yttri-
um-Scandium-Gallium-Garnet (Er,Cr:YSGG), has primarily
focused on the preparation of dental hard tissues and oss-
eous and apical and periodontal surgery. Additionally erbium
wavelengths can also be used in cleaning, shaping, and en-
larging the root canal system and also is an efficientmethod to
remove the smear layer [16–19].

Although favorable results have been achieved with the
conventional forward emitting tips; the fiber tips still showed
some room for improvement [20]. The beam geometry at the
fiber tip resembles a narrow cone, delivering the largest part
of the laser light straight towards the apex. Considering the
fact that the diameter of the irradiated root canal is wider
than the fiber diameter, a larger portion of the laser beam can
be directed at the root canal walls just by tilting the fiber tip
during the irradiation procedure. In order to prevent this,
Er,Cr:YSGG laser underwent further improvement, and radi-
al firing tips (RFT) has been developed that allow a more
homogeneous irradiation of root canal walls. Modifications
resulted with the ends of the RFT showing a conical outline
with an angle of 60∘.The outcome of this meant the laser light
expanded to form a broad cone, facilitating an even and better
coverage of the root canal wall [20].

Even though plenty of studies have investigated the bacte-
ricidal effects of Er,Cr:YSGG laser irradiation onmicroorgan-
isms, no attempt has yet beenmade to evaluate the antifungal
effects of Er,Cr:YSGG laser with the new generation fiber tips.
Hence, it was considered worthwhile to compare the disin-
fection effect of Er,Cr:YSGG laser using radial firing tips with
NaOCI in root canals infectedwithC. albicans and to evaluate
the irradiation effect on the dentinal surfaces at different laser
power settings togetherwith themorphological alterations on
dentinal surface using scanning electron microscopy (SEM).

2. Material and Methods

2.1. Sample Preparation. Seventy-six freshly extracted human
mature permanentmandibular premolar teeth in orthodontic
patients, with a single root canal and a closed apex, were used
in this study; those having curved roots, more than one canal
or any abnormal shape,were discarded.All patients gavewrit-
ten informed consent allowing the usage of their extracted
teeth in our investigation.

The teeth were stored in saline solution following extrac-
tion. Bone, calculus, and soft tissues on the root surface were
removed with curettes. The teeth were cut at 12mm from the

apex using a water-cooling diamond bur.The working length
was set at 1mm short of apical foramen. Root canals were
prepared using the step-back technique with Ni-Ti K-files (K
Files NITI FLEX, Dentsply, Germany) up to number 50 and
Gates Glidden burs (numbers 2, 3, and 4) (JS Dental, Ridge-
field, USA) which allowed entrance of the laser fiber to the
apical area. The root canals were irrigated with 0.9% saline
solution only; no EDTA (ethylenediaminetetraacetic acid)
was applied during preparation. One investigator was as-
signed to perform all of the root canal preparations (LO).

After the preparation process, flowable composite resin
(ClearfilMajesty Flow, KurarayMedical Inc.) was used to seal
the apex, whereas cotton pellets were used to seal the canal
orifices followed by temporary filling material (3M ESPE,
Cavit G). The roots were mounted vertically into Eppendorf
tubes partially filled with acrylic resin. Once the acrylic res-
in sets, temporary filling material and cotton pellet were
removed.

In order to standardize the incubation and sterilization
procedure, eight teethwere selected randomly.The teethwere
sterilized in order to check the outcome of the sterilization
procedure. The teeth were put into a container with an
indicator and autoclaved at 121∘C for 15 minutes.

2.2. Microbial Inoculation. Following the procedure, initially
four teeth were selected to standardize the inoculation pro-
cess. A standard fungal culture of C. albicans (ATCC 90028)
was obtained from Culture Collection. C. albicans was incu-
bated for 72 hours on Saboraud Dextrose Agar (Oxoid Ltd.,
UK) at 37∘C. 0.5 McFarland microbial suspension of C. albi-
cans colonies was formed in BrainHeart Infusion Broth.Then
10 𝜇L of the microbial suspension was transferred into the
canal lumen using sterile needles and incubated at 37∘C for
72 hours. Following incubation, themicrobial suspensionwas
removed from the canal lumen and inoculated onto Saboraud
Dextrose Agar to obtain the number of colony forming units.
Following incubation, the number of C. albicans was found
to be 100.000 cfu/mL, demonstrating their colonization.

2.3. Treatment Protocol. After standardization of the proce-
dure, sixty-eight teeth were divided into 5 groups. All teeth
were sterilized and inoculated according to the procedure
above. In order to test the antifungal and the irradiation
effect on the dentinal surfaces at different laser power settings,
a power analysis (Power and Precision software, Biostat,
Englewood, NJ, USA) was conducted to differentiate between
two laser output power on sixteen teeth at a power of 0.8
(alpha = 0.05).Thus, the first step of the study was conducted
using 16 teeth randomly selected and divided into two groups
as follows.

Group 1 (𝑛 = 8). The root canals received 1.5W Er,Cr:YSGG
laser treatment, output power of 0.6, 20Hz, 25% water, and
35% air.

Group 2 (𝑛 = 8). The root canals received 2W Er,Cr:YSGG
laser treatment, output power of 0.45, 20Hz, 25% water, and
35% air.
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Table 1: Mean values of microbial counts (C. albicans) before and after laser irradiation in different output powers.

Group 𝑋 ± SD (initial) 𝑋 ± SD (final) 𝑃 value Fungal reduction mean (%)
2W laser (𝑛 = 8) 83750 ± 31139 21250 ± 2474 0.010∗ 75.4%
1.5W Laser (𝑛 = 8) 75000 ± 26726 25000 ± 7071 0.011∗ 67.7%
∗

𝑃 < 0.05; X: mean value; SD: standard deviation.

Table 2: Mean values of microbial counts (C. albicans) before/after laser irradiation and NaOCI irrigation.

Group 𝑋 ± SD (initial) 𝑋 ± SD (final) 𝑃 value Fungal reduction mean (%)
2W laser (𝑛 = 25) 96000 ± 13843 20000 ± 2670 0.019∗ 79.17%
NaOCI (𝑛 = 25) 90400 ± 18814 0 ± 0 0.001∗ 100%
∗

𝑃 < 0.05;𝑋: mean value; SD: standard deviation.

Then, twomore groups were constituted in order to com-
pare the disinfection effect of Er,Cr:YSGG laser with NaOCI
according to the law of large numbers.

Group 3 (𝑛 = 25). The root canals received 2W Er,Cr:YSGG
laser treatment, output power of 0.45, 20Hz, 25% water, and
35% air.

Group 4 (𝑛 = 25). 5% NaOCI was used as a root canal irriga-
tion solution.The samples were irrigated with 2mL of NaOCl
for 1 minute.

Group 5 (𝑛 = 2). The root canals did not receive any treat-
ment and served as the control group.

For laser irradiation, each sample was treated with one
lasing cycle, which consisted of four irradiations of ten sec-
onds each with 5 second intervals in between, where the fiber
tipwas inserted all theway down into the apex.Then, the laser
was activated and the root canal was irradiated from apical to
cervical region with helicoidal movements. One investigator
was assigned to perform all of the irradiations (LO).

2.4. Microbiological Evaluation. Following laser treatment,
the root canals were rinsed with 1mL of saline solution
(0.9%). From each root canal 10 𝜇L of remnant saline solution
was removed using a sterile needle and cultured on Saboraud
Dextrose Agar at 37∘C for 72 hours in order to obtain the
number of fungal colonies (cfu/mL). The colonies were then
counted and the total number of fungus (colony forming
units per mL of the extraction fluid) was assessed.

2.5. Scanning Electron Microscopy (SEM). In the first part
of scanning electron microscopy (JSM 6400, JEOL, Tokyo,
Japan) evaluation, we compared two different power settings
(1.5Wand 2W) to evaluate themorphologic changes induced
by laser irradiation (6 teeth in total, 3 samples from Group 1
and 3 samples fromGroup 2).We observed that there were no
significant differences between the two laser energy settings.
In the second section of the SEM analysis, in order to achieve
greater antifungal effect, setting of 2W power output was
used against NaOCl irrigation (8 teeth in total, 4 samples
from Group 3 and 4 samples from Group 4).The preparation
of the samples involvedmaking longitudinally grooves on the

buccal and lingual surfaces of the root with a diamond bur.
These grooves were used as guidance to split the roots into
two pieces. The samples were gold sputtered and mounted
on metal stubs for examination. Apical, middle, and coronal
thirds of the samples were evaluated separately with the aid
of scanning electron microscopy.

2.6. Statistics. Statistical analysis was carried out using the
SPSS 12.0.1 (SPSS, Chicago, ILL) software program. Mann-
Whitney𝑈 and Kruskal-Wallis𝐻 tests were used to compare
the different laser output powers. Wilcoxon Signed Ranks
Test was used in order to compare the candida cfu/mL levels
according to treatment protocols. A 𝑃 value of less than or
equal to 0.05 was considered statistically significant.

3. Results

3.1. Comparison of Laser Power Settings. The disinfection
effects of the Er,Cr:YSGG laser on the infected root canals of
the extracted human teeth are reported in Table 1. At 1.5W
laser power setting 67.7% elimination of C. albicans was
achieved whereas at 2W laser power setting, 75.4% elimina-
tion of C. albicans was obtained. Significant difference was
found for both laser power settings before and after irradi-
ation (𝑃 < 0.05). However, there was no difference between
2W and 1.5W laser output powers according to C. albicans
elimination (𝑃 = 0.083).

Moreover, the comparison of the dentin surfaces irradi-
ated with Er,Cr:YSGG laser both at 1.5W and 2W resulted in
similar morphological changes. SEM images showed irregu-
lar irradiation for both power settings.The fiber optic used in
the helicoidal technique promoted irregular irradiation and
thus crack formation over the root surface (Figures 1 and 2).
Exposed dentinal tubules that were free of debris and smear
layer were clearly visible at both wavelengths and there was
no sign of either carbonization or melting. The irradiated
surfaces showed irregular areas, which looked like cracks and
fissures (Figures 1 and 2).

3.2. Comparison of Laser and NaOCI. The comparison
of the Er,Cr:YSGG laser and NaOCI on the infected root
canals reported in Table 2. At 2W laser power setting 79.1%
elimination of C. albicans was achieved whereas 100% elimi-
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Figure 1: SEM photos showing the samples treated with 1.5W Er,Cr:YSGG laser: (a) apical third, (b) middle third, and (c) coronal third;
magnification ×500.
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Figure 2: SEM photos showing the samples treated with 2W Er,Cr:YSGG laser: (a) apical third, (b) middle third, and (c) coronal third;
magnification ×500.
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Figure 3: SEM photos showing the samples irrigated with NaOCl: (a) apical third, (b) middle third, and (c) coronal third; magnification
×500.

nation of C. albicans was obtained using NaOCI. Significant
difference was found before and after laser irradiation (𝑃 =
0.019). There was also statistical significance for C. albicans
elimination using NaOCI. All fungal microorganisms were
eliminated after NaOCI irrigation (𝑃 = 0.001).

Examination of the specimen with SEM after NaOCI
treatment revealed that most of the dentinal wall was cov-
ered by a smear layer; only few open tubules were visible
(Figure 3). The smear layer was getting thicker from coronal
to apical third of the teeth. Moreover the smear layer in
NaOCI irrigated teeth was excessive to those with laser
irradiated ones.

4. Discussion

There is presently considerable research activity on new
methods and materials used for instrumentation, irrigation,
disinfection, and filling of the root canal space to achieve
complete elimination of root canal infection and to prevent
reinfection.

Previous studies on this subject indicated a wide range of
results. Berutti et al. [21] stated that the pathogenic microor-
ganisms are able to penetrate the root dentin up to a depth of
more than 1mm, whereas disinfection solutions only reach a
depth of 100 𝜇m. Laser irradiation has the potential to aid in
endodontic treatment [16], not only because of its improved
removal of debris and smear layer, but also because of its

ability to provide greater accessibility to formerly unreachable
parts of the tubular network [22]. The high penetration
depth of the laser light into the dentinal tissue seems to be
the most logical explanation for the successful bactericidal
effectiveness of different laser wavelengths [20]. Due to the
adjustable penetration depth of the laser irradiation, lasers
can result in better access to complex regions of the root canal
system, compared with rinsing solutions [23].

All lasers in the Erbium family have been shown to reduce
bacteria in the root canal system [24]. Several studies were
conducted using laser irradiation with and without NaOCI
and their effect was investigated particularly on Escherichia
coli (E. coli) or Enterococcus faecalis (E. faecalis). Schoop et al.
[25] used Er,Cr:YSGG laser with power settings of 1W and
1.5W on two test bacteria—E. coli or E. faecalis. They con-
cluded that Er,Cr:YSGG laser was effective in eliminating the
microorganisms. Wang et al. [17] compared 1W/1.5W Er,Cr:
YSGG laser, neodymium-doped yttrium aluminum garnet
laser (Nd:YAG), and 2.5%NaOCI.They have shown that both
laser systems have significant bactericidal effects. However
Nd:YAG was more effective than Er,Cr:YSGG laser. Franzen
et al. [26] investigated Er,Cr:YSGG laser at a pulse energy of
3.13mJ and found a significant bacterial reduction up to a
dentin thickness of 500 𝜇m. Eldeniz et al. [16] compared
NaOCI and Er,Cr:YSGG irradiation in contaminated root
canals; they concluded that Er,Cr:YSGG laser reduced but did
not eradicate all bacteria. Recently Yavari et al. [27] stated that
2W and 3W powers of Er,Cr:YSGG had antibacterial effects
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on E. faecalis in root canals. Arnabat et al. [18] indicated that
2W laser for 60 secondswas effective asNaOCI 5% for reduc-
tion bacterial colony. However, only very limited studies was
conducted on laser application and its effect on C. albicans.
Onay et al. [28] used Er,Cr:YSGG laser at power settings of
1W and 0.75W in conjunction with and without NaOCl.
They reported a higher fungal reduction (92%) with combi-
nation treatment of NaOCl and 1W laser.

In this study, we evaluated the effectiveness of Er,Cr:
YSGG laser irradiation through a radial firing tipwith a diam-
eter of 200𝜇m on C. albicans and also determined the mor-
phological alterations on dentinal surface at different power
settings using a scanning electron microscope.

As the study of Yamazaki et al. [29] revealed carboniza-
tion and crack formation all over the root canal surface at irra-
diation above 2W, we conducted this study at power settings
of 1.5 and 2W. As a result, 67.7% microbiological elimination
was achieved at a lower power setting of 1.5W, whereas better
results were obtained at a higher power setting of 2W (75.4%)
without a statistical difference.This result is in line with Onay
et al. [28], but the reduction rate was lower than their study.
This can be attributed to their combination therapy of NaOCl
and 1W laser usage.

Moreover, we compared 2W laser treatment with 5%
NaOCI for fungal reduction, where complete elimination of
C. albicans with 5% NaOCI was obtained. NaOCI performed
better results for disinfection of C. albicans from root ca-
nals. However, the Er,Cr:YSGG laser with radial firing tips
demonstrated a considerable effect on yeast reduction within
infected root canal. The different laser power settings had
similar cleaning effects for root canals infected with C.
albicans.

Recently, new studies have been conducted using the
“new” radial firing tip as in our study. This upgrade led to
more uniform exposure of the whole dentinal surface due to
the conical shape of the fiber tip, which allowed laser light to
be emitted in the form of a broad cone with an angle of about
60∘ [20].

Gordon et al. [30] used the radial firing tip in Er,Cr:YSGG
laser and compared with NaOCI in order to eliminate E. fae-
calis. They concluded that 120 seconds application of laser
had greater disinfection effect than with NaOCI alone.
Schoop et al. [20] also used Er,Cr:YSGG with radial firing
tips (0.6W and 0.9W) on two test bacteria—E. coli or E.
faecalis. Through their findings they stated that the radial
firing tip is a suitable tool for elimination, especially with
a higher diameter of 300 𝜇m or 400𝜇m, allowing a higher
energy output ranging around 1.5W. Scoop et al. [25] also
tested the same equipment at 1W and 1.5W and found
similar results which indicated reduction of number of
bacterial colonies. Recently Martins et al. [31] conducted an
in vivo study using Er,Cr:YSGG with the radial firing tips
and compared this with 3% NaOCI and interim calcium
hydroxide paste. They concluded that these tips can be
used with Er,Cr:YSGG laser in endodontic treatment with
less restriction and adverse effects than irrigation solutions.
Although no study was conducted with radial firing tips on
C. albicans, our results were in accordance with the findings

showing that radial firing tips made significant bacterial
reduction.

The effects of NaOCl and Er,Cr:YSGG laser on smear
layer and the morphological alterations on dentinal surfaces
were compared in our study. We did not use EDTA in the
current study since it has the potential to remove the smear
layer after root canal preparation [32, 33]. Rather than us-
ing EDTA, the removal potential of Er,Cr:YSGG laser on
smear layer was evaluated. It has been demonstrated that me-
chanical instrumentation creates a smear layer of calcified de-
tritus that adheres to the dentinal surface. In order to de-
crease the amount of smear layer on root canal surfaces, ir-
rigants and antiseptic agents are used, enhancing the effect of
hand instrumentation and improving the efficiency of the so-
dium hypochlorite. However, studies have shown that a com-
bination of NaOCl and EDTA remove the smear layer only
partially [12, 32, 33]. In addition to this, Sen et al. [34] inves-
tigated the antifungal effects of 0.12% chlorhexidine (CHX)
and 1% and 5%NaOCl onC. albicans and concluded that both
the smear layer and biofilms ofC. albicans delayed or stopped
the antifungal capacity of NaOCl and CHX. Thus, we at-
tempted to evaluate the effect of Er,CR:YSGG laser on smear
layer.

Through SEM, we found that the Er,Cr:YSGG laser at
power settings of 1.5 and 2W removes the smear layer and
debris from the root canal walls and opens up the dentinal
tubule orifices. This should help the practitioners seal the
root canal tightly. The irradiated surfaces showed irregular
areas, which looked like cracks and there were no signs of
carbonization or melting in our SEM images. Our findings
coincide with the results of Yamazaki et al. [29], which re-
ported carbonization and crack formation all over the root
canal surfaces when irradiated withmore than 2W. Schoop et
al. [25] observed both damaged surfaces on the periluminal
dentin together with melting and crystallization of the denti-
nal surfaces at power settings of 1 and 1.5W. It was thought to
be due to the laser being used without the water-air delivery
system. The findings from other studies have indicated that
after irradiation without water spray, carbonization is seen
in enamel and dentin, associated with an irregular structure
withmanymicroholes [25, 29, 35]. As a result, throughout our
study we applied laser irradiation with water-air delivery sys-
tem which showed no melting or crystallization as in Schoop
et al.’s study [25]. Similar to our results Silva et al. [19] showed
that root canal surfaces were free of smear layer and dentinal
tubules were opened at power settings of 1.5 and 2W. There
were no signs of melting and carbonization, only cracks and
fissures were observed as in our study. It can be concluded
that using Er,Cr:YSGG laser with water-air delivery system
decreases the possibility of melting and carbonization.

Er,Cr:YSGG laser device that emits a laser beam having a
wavelength of 2.78 𝜇m has a mechanism of laser energy in-
teraction with water at the tissue interface and has therefore
been termed a hydrokinetic system (HKS). It has been spec-
ulated that the mechanism of cutting involved absorption
of laser energy by fine water droplets, resulting in a violent
yet controlled microexpansion that included strong mechan-
ical forces on targeted tissue surface [35]. This resulted in
hydrokinetic forces that produce mechanical separation of
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the calcified tissue surfaces causing quick and clean tissue
removal [36]. Highly magnified observation by SEM analysis
in our study revealed concave and convex surfaces and cracks
that were thought to be caused by microablation. Our results
support the former hypothesis of laser ablationmechanism of
HKS.

As a limitation of the current study, there were differences
between the sample sizes of the experimental groups. The
first two groups (𝑛 = 8) were used as a prior pilot study for
confirming the reliability of the efficiency of different output
powers. As a result of this, it has been decided to use 2W laser
irradiation in root canal disinfection. After standardization
of this procedure, the remaining fifty-two teeth were divided
into 3 groups as Group 3 (𝑛 = 25), Group 4 (𝑛 = 25), and
Group 5 (𝑛 = 2).

Theother possible limitationmay be the lack of SEManal-
ysis before the root canal preparation and laser irradiation. It
would be useful and interesting to have the images of intact
root canal surfaces in order to compare with the alterations
after root canal preparation and laser irradiation. Further
studies should be done in order to test these limitations.

5. Conclusions

According to the results of the present study, the Er,Cr:YSGG
laser with radial firing tips presented less antifungal effects on
C. albicans in root canals of infected teeth than NaOCl solu-
tion. NaOCl solution inhibited the growth of C. albicans and
effectively disinfected all root canals. When the Er,Cr:YSGG
laser’s smear layer removal effect is considered, combination
usage of lower concentrations of NaOCl and Er,Cr:YSGG
laser should be evaluated in follow-up studies.
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