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Abstract The aim of this study was to evaluate the antifungal
effects of light-activated disinfection (LAD) in comparison
with contemporary root canal irrigation solutions: sodium
hypochlorite and 2 % chlorhexidine gluconate and a new
wound antiseptic, octenidine hydrochloride. Seventy extracted
teeth having single root canals were contaminated with Can-
dida albicans for 14 days. The samples were divided into five
experimental (n=10) and two control (positive and negative)
groups (n=10): (1) LAD with toluidine blue O, (2) octenidine
hydrochloride (OCT), (3) 2.5 % sodium hypochlorite (2.5 %
NaOCl), (4) 5.25 % sodium hypochlorite (5.25 % NaOC]l) and
(5) 2 % chlorhexidine. Five millilitres of each test solution was
applied for 3 min, and irradiation time used for LAD was 30 s.
After treatment, the dentin chips were collected from inner
canal walls into vials containing phosphate buffered saline,
vortexed, serially diluted, seeded on Tryptic Soy Agar plates
and incubated (37 °C, 48 h). The number of colony-forming
units was then counted. Differences between LAD group and
positive control group were statistically significant (P<0.05).
All Candida cells were totally eliminated in root canals irri-
gated with OCT, 2.5 % NaOCl, 5.25 % NaOCl and 2 %
chlorhexidine groups (CFU=0). Within the limitations of this
ex vivo study, LAD had minimal antimicrobial effect on C.
albicans when used 30 s, and further modifications in LAD
protocol are required to improve its antifungal capability. A
new wound antiseptic, octenidine hydrochloride, demonstrated
better potential than LAD in elimination of Candida albicans
cells and may be a promising alternative to NaOCI and chlor-
hexidine solutions in future.
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Introduction

The elimination of microbial infection from the root canal
system is one of the crucial factors in the success of endodon-
tic treatment [1]. Persistent microbial flora that cannot be
removed by using contemporary antimicrobial agents fre-
quently result in post-treatment disease [2, 3]. Candida
albicans is one of the common members of the oral microbiota
that have been isolated from obturated root canals in which
treatment has failed [4]. The presence of C. albicans in per-
sistent apical periodontitis may depend on its ability to pene-
trate deep into dentinal tubules and on its resistance to anti-
microbial agents [5, 6].

Sodium hypochlorite (NaOCI) has been widely used as an
endodontic irrigant due to its antimicrobial efficacy [7-9] and
its organic tissue dissolution properties [10]. However, an
alternative solution is still being researched because of
NaOCl's high toxicity on host tissues [11], its bad smell and
taste and its potential allergic effects [12]. Chlorhexidine
gluconate has been suggested as an alternative to NaOCl due
to its antibacterial activity, substantivity and relatively less
toxicity [7]. On the other hand, the disadvantage of chlorhex-
idine is that it has no tissue dissolution capacity [13].

Octenisept is a new antiseptic having 0.1 % octenidine hy-
drochloride as an active component with potential usage for
traumatic, acute, chronic and surgical or burn wounds, for mu-
cous membrane disinfection and as a mouth rinse. Octenidine
hydrochloride [N,N'-(1,10 decanediyldi-1[4H]-pyridinyl-4-
ylidene)bis(1-octanamine)dihydrochloride] possesses broad
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spectrum antimicrobial effects against both Gram-positive and
Gram-negative bacteria and fungi and some virus species [14,
15]. It has previously been tested as a root canal irrigant or
medicament on Enterococcus faecalis and has been compared
to some other antiseptics [16—19], but few studies have focused
on the antifungal potential of this disinfectant [15, 17-19].

Light-activated disinfection (LAD), also called photody-
namic therapy, functions with the action of light and a non-
toxic photosensitiser. It was developed as a therapy for
cancer and for localised microbial infections. The light-
sensitive photosensitiser reacts with molecular oxygen to gen-
erate highly reactive oxygen species that are cytotoxic to cells
of'the target tissue [20]. Several studies have reported not only
the antimicrobial effectiveness of LAD treatment ex vivo
[21-25] and in vitro [26-28] but also its relatively lower
toxicity to periodontal ligament fibroblasts than chlorhexidine
[29].

There is no study in the literature comparing the antifun-
gal effectiveness of LAD with the new promising antimicro-
bial octenisept solution. Therefore, the aim of this ex vivo
study was to evaluate the effectiveness of LAD in compari-
son with OCT and other common irrigants such as NaOCl
and chlorhexidine on C. albicans by using a modified dentin
block model.

Materials and methods
Specimen preparation and infection

A total of 70 freshly extracted single rooted human teeth were
stored in 0.5 % NaOCI for 2—4 weeks. Root surfaces were
cleaned of any calculus or soft tissues. Specimens were
decoronated to a standard 8-mm root length with a diamond
bur (MANI Inc., Tochigi, Japan) under continuous water
cooling. The root canal preparation was performed with
ProTaper series (Dentsply Maillefer, Swiss made, Ballaigues)
NiTi rotary files in a crown-down manner. The ProTaper files
were used as Sx-F3 according to the manufacturer's instruc-
tions. The canals were irrigated with 1 mL of 1 % NaOCl
solution (Caglayan Kimya, Konya, Turkey) between the
instruments. After canal preparation, the smear layer was
removed in an ultrasonic bath (Bandelin Sonorex, Berlin,
Germany) with sequential use of 17 % ethylene diamine
tetraacetic acid (EDTA) (pH 7.3) (Merck KGaA, Darmstadt,
Germany) and 5.25 % NaOCIl (Caglayan Kimya, Konya,
Turkey) for 5 min each [30]. Subsequently, the root specimens
were rinsed with distilled water and placed into vials con-
taining phosphate-buffered saline (PBS; Sigma-Aldrich, St.
Louis, MO, USA) solution and were autoclaved (HMC
Hirayama, Saitama, Japan) at 121 °C for 15 min. Finally, the
root canals were dried using sterile paper points (Gapadent
CO, Hamburg, Germany).
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A C. albicans strain was obtained (ATCC 90028, Refik
Saydam Institute, Ankara, Turkey) and was plated on Brain
Heart Agar (BHA) (bioMerieux, France) for 24 hat 37 °C. A
loopful of this yeast was then transferred to 10 mL of Brain
Heart Infusion (BHI) and was incubated at 37 °C for 48 h,
and 0.5 aliquots of this suspension were added to 100 mL of
BHI. After 12-h incubation, the suspension was spectropho-
tometrically adjusted to an optical density of 500 at 600 nm
to obtain a standard fungal solution.

The root specimens were randomly divided into five
experimental (n=10) and two control groups (n=10) and
placed into separate tubes. All specimens except negative
controls were infected with C. albicans suspension for 14 days
at 37 °C, and the media was changed every second day with a
new suspension having same optical density, to achieve suffi-
cient Candidal growth.

Testing procedures

The antimicrobial agents used in each group and their
manufacturers are given in Table 1. The canals were
irrigated with 5 mL of each test solution in a stan-
dard way, using a 27-gauge needle reaching three
quarters of the working length for 3 min in all irrigant
groups. The canals were then dried with sterile paper
points.

In the LAD group, the canals were treated according to the
manufacturer's recommendations. In clinical practice,
FotoSan™ is used in combination with a powerful red light
with wavelength of 620-640 nm with a peak of 630 nm and a
photosensitiser (FotoSan Agent). This agent contains ‘tolu-
idine blue O’ at a concentration of 0.1 mg/ml dissolved in a
1 % xanthan gel as an active ingredient for catalysing the
photochemical process (see Fig. 1a). The photosensitiser is
available in low, medium and high viscosities, with low
viscosity being recommended for endodontic treatments
and used in the present study. A fibre optic tip (Endo tip)
which is conic and which ends with a diameter of 0.5 mm
was used in this study.

The root canals were filled with the photosensitiser agent,
using a lentulospiral (MANI Inc., Tochigi, Japan) of size 30,
to the level of the access cavity; they were inoculated for a
fixed period of time (60 s) to allow the agent to come into
contact with all of the surfaces. Subsequently, the endodontic
fibre tip was placed as close as possible to working length
with spiral movements from apical to cervical third of the
root samples in order to permit adequate distribution of the
light throughout the root canal. The irradiation was carried
out for 30 s in each root canal according to the manufac-
turer's suggestion (Fig. 1b). Afterwards, the root canals were
irrigated with 10 mL of sterile saline solution to remove the
agent [22] and were dried with sterile paper points. All
samples were stored in a freezer for 1 h at =27 °C before
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Table 1 Experimental antimicrobial agents and their manufacturers according to the groups

Group fino Antimicrobial agents Company

Group 1 Light-activated disinfection (LAD) with toluidine FotoSan™, CMS Dental ApS, Copenhagen, Denmark Fotosan
blue O solution Agent®, CMS Dental ApS, Copenhagen, Denmark

Group 2 Octenidine hydrochloride (OCT) Octenisept®, Schiilke & Mayr, Germany

Group 3 2.5 % Sodium hypochlorite (2.5 % NaOCl) Caglayan Kimya, Konya, Turkey

Group 4 5.25 % Sodium hypochlorite (5.25 % NaOCl) Caglayan Kimya, Konya, Turkey

Group 5 2 % Chlorhexidine Klorhex®, Drogsan, Turkey

obtaining the dentin powder, in order to avoid killing Can-
dida cells due to the excessive heat created by the friction
from using Gates Glidden burs on the dentin.

Sampling procedures

After 1 h of freezing at —27 °C, a 3-mm apical portion of the
root samples was resected to eliminate differences arising
from the apical delta and apical lateral canals [31]. The
dentin powder was obtained from inner root canal lumen
with the sequential use of sterile Gates Glidden burs (nos. 3,
4 and 5). Dentin samples were obtained directly over sepa-
rated test vials containing 2 mL of PBS and glass beads.
Vials were then vigorously shaken on a Vortex mixer (VWR,
Bedfordshire, UK) for 30 s. PBS with resuspended Candida
cells was serially diluted (1:10, 1:100, 1:1,000, 1:10,000),
and two droplets of 25 pL from each of the four parallel
dilutions were inoculated on BHA plates and incubated at
37 °C for 48 h [32]. All procedures were performed inside a
laminar flow chamber using sterile instruments in order to
achieve strict asepsis. A classical bacterial counting tech-
nique was used for recovery of viable C. albicans, and the

Fig. 1 a LAD was performed
using a LED lamp emitting in the
red spectrum with a peak
frequency at 630 nm (FotoSan®).
b The endodontic fibre tip was
placed as close as possible to the
working length of the root
samples for adequate distribution
of the light throughout the root
canal

number of visible colony-forming units (CFU) was deter-
mined for each sample.

Scanning electron microscopy

Seven more samples were incubated with Candida cells as
in other root samples and were divided into seven groups
and treated with one of the treatment groups mentioned
above. Scanning electron microscopy (EVO LS10, Zeiss,
Oberkochen, Germany) was used to visualise the establish-
ment of fungal colonisation on dentinal walls after the
various disinfection methods. Scanning electron microscopy
(SEM) microphotographs were obtained at different magnifi-
cations (x1,500 tox5,000) in representative areas of the
samples.

Statistical analysis

The CFU values were transformed to logl0 values. Mean
log10 CFU values with standard deviations were calculated.
Levene's test was done to analyse the homogeneity of the
variances. Statistical analysis was performed by SPSS 17.0
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(SPSS Inc., Chicago, IL, USA), using an independent two-
sample ¢ test with assumed equal variances. The level of
statistical significance was set at .05.

Results

The negative control group showed no growth after all
procedures (CFU=0), whereas the positive control group
yielded vigorous growth, confirming the yeast infection
(log10 CFU=4.04+0.52). All specimens in the positive con-
trol group yielded positive cultures. The number of colony-
forming units in the LAD group (logl0 CFU=3.63+0.03)
was lower when compared with the positive control group,
and the differences between the two groups were statistically
significant (P=0.009). The tested irrigants OCT, 2.5 %
NaOCl, 5.25 % NaOCI and chlorhexidine groups totally
eradicated all Candida cells (CFU=0; Fig. 2).

Scanning electron microscopy

SEM images of various test groups are shown in Fig. 3. SEM
pictures of the positive control group showed sufficient
Candidal growth on root canal walls after a 14-day infection
period (Fig. 3a). Damaged fungal cells were seen covering
the dentinal walls after LAD treatment (Fig. 3c). Total erad-
ication of C. albicans was observed after irrigation with
OCT, 2.5 % NaOCl, 5.25 % NaOCI and chlorhexidine
(Fig. 3d—g). No fungal cells were visible in the negative
control group (Fig. 3b).
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Fig.2 Antifungal activity of LAD, OCT, 2.5 % NaOCl, 5.25 % NaOCl
and Chlorhexidine groups on C. albicans. Recovered mean CFU counts
from various experimental groups
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Discussion

The absorbent paper cones method [22, 24, 25], one of the
conventional culturing methods, has limitations because the
paper points can only detect planktonic microorganisms. The
paper points also cannot access irregularities and other re-
gions of the root canal system. As a result, this method might
fail to harvest viable bacteria in biofilms or bacteria that
reside within the dentinal tubules [33]. Thus, the dentin-
powder model developed by Haapasalo and @rstavik [30],
with some modifications, was preferred because of the re-
ported good correlation between histology and the culturing
of dentin dust in their study. That study was also later
confirmed by Peters et al. [1], who showed that the grinding
and culturing of dentin gave better quantitative information
about the extent of the infection. Consequently, we used
Gates Glidden burs at low speed to remove dentin from the
root canal walls and dentinal tubules, allowing more predict-
able sampling.

C. albicans was chosen as a test microorganism in the
present ex vivo study because of its pathogenic characteris-
tics such as binding to dentin collagen and invasion to deeper
dentinal tubules, biofilm formation, and its activation of host
defences as well as for its resistance to antimicrobial agents
used in endodontics [4—6]. It was also proved that the fungal
cells could be found in the resorption lacunae of periapical
root surfaces and also in periapical granuloma [4].

No deactivating agent was used to reduce the carry-over
effect of the disinfectant solutions, not only because of a lack
of any “universal” neutraliser agent appropriate for all the
disinfectants which were tested but also due to the limited
carriage possibility of the disinfectants, while sampling with
Gates Glidden burs, because of their evaporation. Some of
the previously suggested neutralising agents, such as 0.6 %
sodium thiosulfate for NaOCl; 3 % Tween 80 (a detergent)
and 0.3 % Lecithin for chlorhexidine; and 3 % Tween 80,
0.3 % Lecithin and 0.1 % Cystein for OCT [18], have various
antimicrobial effects which might also deteriorate the results
[34], and therefore, all groups were tested under same con-
ditions in the present study.

LAD has been suggested for the endodontic treatment
protocols owing to its root canal disinfection ability [22-25,
35] and the fact that its cytotoxic effects on host tissues are
lower than those of NaOCI and chlorhexidine solutions [29].
However, it is difficult to compare the results of this study with
previous studies that tested the antimicrobial activity of LAD
because of the differences of type and concentration of the
photosensitiser, the agitation of the photosensitiser, the
photosensitiser incubation period before the light irradiation,
the exposure period and the density of laser energy. In this study,
LAD treatment was applied to the infected root canals according
to the manufacturer's instructions suggested for endodontic
treatment. Nevertheless, the LAD group was the only group that
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Fig. 3 Scanning electron microscopic micrographs of root canal den-
tin. a Positive control group; note the dense fungal colonisation on
dentinal walls (original magnification x5,000); b negative control
group; presence of no fungal cell (original magnification x1,500); ¢
dentin section treated with LAD; arrows denote the damaged fungal

cells (original magnification x5,000); d OCT group; e 2.5 % NaOCl
group; f 5.25 % NaOCI group; no fungal cells are visible (original
magnification x2,500); g chlorhexidine group; no apparent fungal cells
(original magnification x5,000)
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did not succeed in fungal elimination in agreement with the
reports of some previous researchers [25, 28]. The limited
irradiation time of 30 s (as per the manufacturer's instructions)
could be effective on bacteria such as Streptococcus intermedius,
Escherichia coli, E. faecalis and Fusobacterium nucleatum, but
it seems that the irradiation time may not be sufficient for the
total elimination of Candida cells as Schlafer and colleagues
[24] reported. These researchers showed in their additional
experiments that a higher antifungal effect could be achieved
when the irradiation time was prolonged from 30 to 120 s.

Additionally, unsatisfactory results found in our study might
have occurred due to a greater resistance of C. albicans to the
LAD treatment than that of bacteria [24, 28, 36]. The presence
of a nuclear membrane in the structure of fungi and also the
greater cell size and reduced concentration of singlet oxygen
may result in a stronger resistance of C. albicans to
photoinactivation [28]. Also, the photosensitiser agent might
not have diffused well into the dentinal tubules and may not
have achieved direct contact with the fungi on the root canal
walls, especially in tubules and irregularities, when compared
with the test irrigants. These findings do not necessarily mean
that the LAD system cannot be beneficial in fungal elimination
from infected root canals, but they emphasise the fact that further
research is necessary to establish the appropriate laser parame-
ters and application time for endodontic treatment protocols.

Octenisept is composed of 0.1 g octenidine dihydrochloride
and 2.0 g 2-phenoxyethanol, a derivate of ethanol. Although
the concentration of phenoxyethanol is higher than octenidine
in solution, it has been proposed that octenidine itself is the
active agent and provides the antimicrobial property of OCT
[16]. Furthermore, the resistance of OCT to blood, albumin
and mucin [17] and its constant efficacy in the presence of
organic matter [37] are known from medical literature. It has
previously been shown that not only does the presence of such
organic materials in the root canal system have an inhibitory
effect on antimicrobial agents but also that the dentin, com-
posed of organic and inorganic materials, may cause a reduc-
tion in antimicrobial efficacy [38]. With the experimental
procedure described above, it may be assumed that OCT could
retain its high antimicrobial properties due to its resistance
against the organic substances present in the dentin structure,
and this warrants further investigation. The manufacturer of
octenisept does not specify any usage for endodontic disinfec-
tion and only recommends a 2-min wash of the mouth when
OCT is used for rinsing purposes. We preferred to use a 3-min
irrigation time with this solution in the root canals due to the
difficulty in reaching the inner part of the dentinal tubules.

To our knowledge, there is no study in the literature about
allergic reactions of the relatively new disinfection solution,
octenisept, on gingiva and oral tissues. The allergenic poten-
tial is classified as low, based on the data obtained from a
previous animal study [15]. Some eczematous reactions were
reported related to octenidine treatment from 2 to 8 weeks in
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11 of 251 patients (4.4 %) who had chronic wounds [39].
Previously, some clinical cases were published about allergic
reactions to sodium hypochlorite [40—43], but there is no
data about the percentage of these reactions in the literature.

Within the limitations of this ex vivo study, the LAD
protocol suggested for endodontic treatment exhibited min-
imal antifungal activity. Therefore, further modifications in
the LAD protocol may be required to enhance the capacity of
fungal elimination. In contrast, OCT showed the potential for
use as an effective fungicidal agent for patients in whom
fungal infection is suspected.

Acknowledgments This study was partially supported by a grant
given by Selcuk University, Scientific Research Project Coordination
Center and conducted in the Research Laboratories of Faculty of Den-
tistry. The authors thank Assoc. Prof. Coskun Kus for his generous help
with the statistics.

References

1. Peters LB, Wesselink PR, Buijs JF, van Winkelhoff AJ (2001)
Viable bacteria in root dentinal tubules of teeth with apical peri-
odontitis. J Endod 27:76-81

2. Sjogren U, Figdor D, Persson S, Sundqvist G (1997) Influence of
infection at the time of root filling on the outcome of endodontic
treatment of teeth with apical periodontitis. Int Endod J 30:297-306

3. Gomes BP, Lilley JD, Drucker DB (1996) Variations in the suscep-
tibilities of components of the endodontic microflora to biomechan-
ical procedures. Int Endod J 29:235-241

4. Siqueira JF Jr, Sen BH (2004) Fungi in endodontic infections. Oral
Surg Oral Med Oral Pathol Oral Radiol Endod 97:632—-641

5. Sen BH, Safavi KE, Spangberg LS (1997) Growth patterns of
Candida albicans in relation to radicular dentin. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod 84:68-73

6. Waltimo TMT, Sirén EK, Torkko HL, Olsen I, Haapasalo MP
(1997) Fungi in therapy-resistant apical periodontitis. Int Endod J
30:96-101

7. Jeansonne MJ, White RR (1994) A comparison of 2.0 % chlorhex-
idine gluconate and 5.25 % sodium hypochlorite as antimicrobial
endodontic irrigants. J Endod 20:276-278

8. Clegg MS, Vertucci FJ, Walker C, Belanger M, Britto LR (2006)
The effect of exposure to irrigant solutions on apical dentin biofilms
in vitro. J Endod 32(5):434-437

9. Chavez de Paz LE, Bergenholtz G, Svensiter G (2010) The effects
of antimicrobials on endodontic biofilm bacteria. J Endod 36:70-77

10. Stojicic S, Zivkovic S, Qian W, Zhang H, Haapasalo M (2010)
Tissue dissolution by sodium hypochlorite: effect of concentration,
temperature, agitation, and surfactant. J Endod 36:1558-1562

11. Yesilsoy C, Whitaker E, Cleveland D, Phillips E, Trope M (1995)
Antimicrobial and toxic effects of established and potential root
canal irrigants. J Endod 21:513-515

12. Kaufman AY, Keila S (1989) Hypersensitivity to sodium hypochlo-
rite. J Endod 15:224-226

13. Mohammadi Z, Abbott PV (2009) The properties and applications
of chlorhexidine in endodontics. Int Endod J 42:288-302

14. Slee AM, O'Connor JR (1983) In vitro antiplaque activity of
octenidine dihydrochloride (WIN 41464-2) against preformed
plaques of selected oral plaque-forming microorganisms. Antimicrob
Agents Chemother 23:379-384



Lasers Med Sci (2015) 30:669-675

675

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Sedlock DM, Bailey DM (1985) Microbicidal activity of octenidine
hydrochloride, a new alkanediylbis[pyridine] germicidal agent.
Antimicrob Agents Chemother 28:786—790

Tandjung L, Waltimo T, Hauser I, Heide P, Decker EM, Weiger R
(2007) Octenidine in root canal and dentin disinfection ex vivo. Int
Endod J 40:845-851

Pitten FA, Werner HP, Kramer A (2003) A standardized test to
assess the impact of different organic challenges on the antimicro-
bial activity of antiseptics. J Hosp Infect 55:108—115

Tirali RE, Bodur H, Ece G (2012) In vitro antimicrobial activity of
sodium hypochlorite, chlorhexidine gluconate and octenidine
dihydrochloride in elimination of microorganisms within dentinal
tubules of primary and permanent teeth. Med Oral Patol Oral Cir
Bucal 17:517-522

Tirali RE, Turan Y, Akal N, Karahan ZC (2009) In vitro antimicro-
bial activity of several concentrations of NaOCl and octenisept in
elimination of endodontic pathogens. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 108:e117-120

Dougherty TJ, Gomer CJ, Henderson BW, Jori G, Kessel D,
Korbelik M, Moan J, Peng Q (1998) Photodynamic therapy. J Natl
Cancer Inst 90:889-905

Garcez AS, Ribeiro MS, Tegos GP, Nuiiez SC, Jorge AO, Hamblin
MR (2007) Antimicrobial photodynamic therapy combined with
conventional endodontic treatment to eliminate root canal biofilm
infection. Lasers Surg Med 39:59-66

Garcez AS, Nuiez SC, Hamblin MR, Ribeiro MS (2008) Antimi-
crobial effects of photodynamic therapy on patients with necrotic
pulps and periapical lesion. J Endod 34:138-142

Fimple JL, Fontana CR, Foschi F, Ruggiero K, Song X, Pagonis
TC, Tanner AC, Kent R, Doukas AG, Stashenko PP, Soukos NS
(2008) Photodynamic treatment of endodontic polymicrobial infec-
tion in vitro. J Endod 34:728-734

Schlafer S, Vaeth M, Hersted-Bindslev P, Frandsen EV (2010)
Endodontic photoactivated disinfection using a conventional light
source: an in vitro and ex vivo study. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 109:634—641

Souza LC, Brito PR, de Oliveira JC, Alves FR, Moreira EJ,
Sampaio-Filho HR, Régas IN, Siqueira JF Jr (2010) Photodynamic
therapy with two different photosensitizers as a supplement to
instrumentation/irrigation procedures in promoting intracanal re-
duction of Enterococcus faecalis. J Endod 36:292-296

Souza RC, Junqueira JC, Rossoni RD, Pereira CA, Munin E, Jorge AO
(2010) Comparison of the photodynamic fungicidal efficacy of meth-
ylene blue, toluidine blue, malachite green and low-power laser irradi-
ation alone against Candida albicans. Lasers Med Sci 25:385-389
Dovigo LN, Pavarina AC, de Oliveira Mima EG, Giampaolo ET,
Vergani CE, Bagnato VS (2011) Fungicidal effect of photodynamic
therapy against fluconazole-resistant Candida albicans and Candi-
da glabrata. Mycoses 54:123-130

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Pereira CA, Romeiro RL, Costa AC, Machado AK, Junqueira JC,
Jorge AO (2011) Susceptibility of Candida albicans, Staphylococ-
cus aureus, and Streptococcus mutans biofilms to photodynamic
inactivation: an in vitro study. Lasers Med Sci 26:341-348
Gambarini G, Plotino G, Grande NM, Nocca G, Lupi A, Giardina B,
De Luca M, Testarelli L (2011) In vitro evaluation of the cytotoxicity
of FotoSan™ light-activated disinfection on human fibroblasts. Med
Sci Monit 17:MT21-MT25

Haapasalo M, Orstavik D (1987) In vitro infection and disinfection
of dentinal tubules. J Dent Res 66:1375-1379

Vertucci FJ (1984) Root canal anatomy of the human permanent
teeth. Oral Sur Oral Med Oral Pathol 58:589-599

Siqueira JF Jr, Rocas IN, Magalhdes FA, de Uzeda M (2001)
Antifungal effects of endodontic medicaments. Aust Endod J 27:
112-114

Siqueira JF Jr, Alves FR, Almeida BM, de Oliveira JC, Rogas IN
(2010) Ability of chemomechanical preparation with either rotary
instruments or self-adjusting file to disinfect oval-shaped root ca-
nals. J Endod 36:1860-1865

Arias-Moliz MT, Ferrer-Luque CM, Gonzalez-Rodriguez MP,
Valderrama MJ, Baca P (2010) Eradication of Enterococcus faecalis
biofilms by cetrimide and chlorhexidine. J Endod 36:87-90
Bergmans L, Moisiadis P, Huybrechts B, Van Meerbeck B,
Quirynen M, Lambrechts P (2008) Effect of photo-activated
disinfection on endodontic pathogens ex vivo. Int Endod J
41:227-239

Ribeiro DG, Pavarina AC, Dovigo LN, Mima EG, Machado AL,
Bagnato VS, Vergani CE (2012) Photodynamic inactivation of
microorganisms present on complete dentures. A clinical investi-
gation. Lasers Med Sci 27:161-168

Amalaradjou MA, Norris CE, Venkitanarayanan K (2009) Effect of
octenidine hydrochloride on planktonic cells and biofilms of
Listeria monocytogenes. Appl Environ Microbiol 75:4089-4092
Haapasalo HK, Sirén EK, Waltimo TM, Orstavik D, Haapasalo MP
(2000) Inactivation of local root canal medicaments by dentine: an
in vitro study. Int Endod J 33:126-131

Calow T, Oberle K, Bruckner-Tuderman L, Jakob T, Schumann H
(2009) Contact dermatitis due to use of Octenisept in wound care. J
Dtsch Dermatol Ges 7:759-765

Eun HC, Lee AY, Lee YS (1984) Sodium hypochlorite dermatitis.
Contact Dermatitis 11:45

Habets JM, Geursen-Reitsma AM, Stolz E, van Joost T (1986)
Sensitization to sodium hypochlorite causing hand dermatitis. Con-
tact Dermatitis 15:140-142

Kaufman AY, Keila S (1989) Hypersensitivity to sodium hypochlo-
rite. J Endod 5:224-226

Caliskan MK, Tiirkiin M, Alper S (1994) Allergy to sodium hypo-
chlorite during root canal therapy: a case report. Int Endod J 27:
163-167

@ Springer



	Comparative...
	Abstract
	Introduction
	Materials and methods
	Specimen preparation and infection
	Testing procedures
	Sampling procedures
	Scanning electron microscopy
	Statistical analysis

	Results
	Scanning electron microscopy

	Discussion
	References


