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Abstract

Objective: This in vitro study evaluated the effectiveness of photodynamic therapy (PDT) for the inactivation of
different species of Candida on maxillary complete dentures. Background data: The treatment of denture sto-
matitis requires the inactivation of Candida spp. on dentures. PDT has been reported as an effective method for
Candida inactivation. Methods: Reference strains of C. albicans, C. glabrata, C. tropicalis, C. dubliniensis and C. krusei
were tested. Thirty-four dentures were fabricated in a standardized procedure and subjected to ethylene oxide
sterilization. The dentures were individually inoculated with one of the strains and incubated at 37�C for 24 h.
Dentures submitted to PDT (P + L + ) were individually sprayed with 50 mg/L of Photogem� (PS) and, after
30 min, illuminated by LED light for 26 min (37.5 J/cm2). Additional dentures were treated only with PS (P + L-)
or light (P-L + ) or neither (P-L-). Samples of serial dilutions were spread on Sabouraud dextrose agar and
incubated at 37�C for 48 h. The colonies were counted and the values of log (cfu/mL) were analyzed by Kruskall-
Wallis and Dunn tests ( p < 0.05). Results: For all species of Candida, PDT resulted in significant reduction
( p < 0.05) of cfu/mL values from dentures when compared with P-L- (reductions from 1.73 to 3.99 log10).
Significant differences ( p < 0.05), but lower reductions, were also observed for P + L- and P-L + when compared
with P-L- for some species of Candida. Conclusions: PDT was an effective method for reducing Candida spp. on
dentures.

Introduction

Denture stomatitis (DS) is the most common form of
oral candidosis, with overall incidence of 11–65% in

complete denture wearers.1 This recurring disease is charac-
terized by different degrees of inflammation of the mucosa
under the upper denture.2 Although there may be systemic
conditions related to DS, local factors also play an important
role in the etiology of this disease.3 Etiological factors associ-
ated with the use of dentures include: increased age of den-
ture, denture trauma, continuous denture wearing, and poor
denture hygiene.4 Nonetheless, the denture–palatal interface
offers a unique ecological niche for micro-organism coloni-
zation, because of the relatively anaerobic and acidic envi-
ronment favoring yeast proliferation without any other
predisposing factor present.5 Fungal species of Candida have
high affinity for adhering to and colonizing acrylic surfaces,6,7

which is considered the first step in the pathogenesis of DS.

Therefore, the presence of Candida spp. on dentures is con-
sidered a major factor in the development of this infection.8 C.
albicans is the most prevalent and virulent species found in DS,
but other species have been shown to cause infection, with C.
glabrata, C. dubliniensis, C. krusei, and C. tropicalis being the
most commonly described.9

Antifungal agents are commonly used to treat DS. Despite
their effectiveness, the recurrence of infection after treatment
is very common10 and the major problem associated with the
use of antifungal agents is the development of resistant
species.11 In addition, some Candida species, such as C.
glabrata and C. krusei, are intrinsically more resistant to an-
tifungals.12 Because these agents do not eradicate micro-
organisms that colonize the denture,13 it is also necessary to
improve denture hygiene, discontinue nocturnal denture
wearing, and eventually re-line or replace the dentures.
Nonetheless, the effective removal of denture plaque by
brushing requires a certain degree of manual dexterity which
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is commonly compromised in the elderly. In addition, the
irregularities and porosities present on the acrylic resin sur-
face may also contribute to penetration of micro-organisms
into the dentures, making it difficult to clean them by
brushing.14,15 Moreover the use of denture disinfectants has
been considered time consuming and inappropriate.

Photodynamic therapy (PDT) has been extensively inves-
tigated as an alternative antimicrobial modality. PDT com-
bines a photosensitizing agent (PS) and an appropriate
wavelength of light (the maximum absorption of the PS) in
the presence of oxygen, producing cytotoxic reactive spe-
cies.16,17 Because of the nonspecific oxidizing agents, organ-
isms resistant to conventional antifungal agents could be
successfully killed by PDT, and it seems to be unlikely that
they will develop resistance to such therapy. The photo-
inactivation of Candida spp. has been widely demonstrated
in vitro,18–23 including resistant strains,24,25 and also in vivo,26

suggesting that PDT could be an effective and alternative
method for treating oral candidosis. A previous study has
shown that the association of Photogem and blue LED light
resulted in the inactivation of fluconazole-resistant strains of
C. albicans and C. glabrata.25 Another in vivo study has
demonstrated that this association was also effective in re-
ducing C. albicans in a murine model of oral candidosis.26

However, for an effective treatment of DS, the inactivation
of Candida spp. on dentures is also necessary because of
the recurrent nature of this disease, as dentures may act as
a reservoir of micro-organisms. Surface roughness and
porosity of dentures facilitate retention and adhesion of
micro-organisms. Thus, the aim of this study was to simulate
the disinfection of dentures clinically using PDT. The effec-
tiveness of PDT, using Photogem and blue LED light, was
evaluated as an antifungal method for dentures colonized
with different species of Candida commonly found in DS.

Methods

Photosensitizer and light source

The PS used in this study was a hematoporphyrin deriv-
ative produced in Moscow, Russia (Photogem�; Limited
Liability Company Photogem, Moscow, Russia). Solutions of
50 mg/L of Photogem (pH 6.6) were prepared instantly be-
fore use by dissolving the powder in sterile saline. This so-
lution was stored in a sterile spray bottle and kept in the
dark. The absorption bands of Photogem are shown in
Figure 1.

A light-emitting diode device (LEDs, LXHL-PR09, Lux-
eon� III Emitter, Lumileds Lighting, San Jose, CA) was de-
signed by the Instituto de Fı́sica de São Carlos (Physics
Institute, University of São Paulo, São Carlos, SP, Brazil). It
covered the wavelength range from 440 to 460 nm, with
maximum emission at 455 nm (royal blue). This device was
composed of 24 LEDs uniformly distributed throughout the
device, resulting in a light intensity of 24 mW/cm2, and three
air coolers to prevent the denture from heating.

Microorganisms and culture condition

Reference strains (ATCC; Rockville, MD) of C. albicans
(ATCC 90028), C. glabrata (ATCC 2001), C. tropicalis (ATCC
4563), C. krusei (ATCC 6258) and C. dubliniensis (ATCC 7987)
were used to contaminate the dentures. These strains were

individually maintained in yeast-peptone-glucose (YEPD,
1.0% yeast extract, 2.0% peptone, 2.0% glucose, 0.1M citrate-
phosphate buffer pH 5.0) and glycerol medium at - 70�C.
Each strain was reactivated by cultivation in Sabouraud
dextrose agar (SDA, Acumedia Manufactures Inc., Baltimore,
MD) containing 5 lg/mL gentamicin at 37�C for 48 h before
each experiment.

Simulated denture base production

A total of 34 dentures were made for this study, according
to the method described by Sanitá et al.27 A stainless steel
master die simulating an edentulous maxilla was duplicated
by using a high-viscosity silicone mould (RTV 3120, Dalto-
mare, Santo Amaro, SP, Brazil) to produce 34 dental stone
casts (Herodent, Vigodent, Bonsucesso, RJ, Brazil). On one of
prepared casts, a simulated maxillary complete denture base
was waxed and acrylic resin denture teeth were arranged on
it. This waxed-up denture was duplicated using the high-
viscosity silicone, and 34 identical simulated maxillary den-
tures were obtained. This was accomplished by first placing
the acrylic artificial teeth (Dental Vip Ltd, Pirassununga, SP,
Brazil) in the silicone mold, pouring the melted wax into it,
and fully seating a duplicate cast in the mold. After bench
cooling at room temperature for 30 min, the wax-simulated
dentures were removed from the silicone mold and con-
ventionally invested in metal dental flasks ( Jon 5.5, Jon
Produtos Odontológicos, São Paulo, SP, Brazil) with dental
stone. After the stone was set, the flasks were placed in
boiling water to soften the base plate wax. The flasks were
separated, the wax was removed, and the stone and teeth
were cleaned with boiling water and liquid detergent (ODD,
Bombril-Cirio, São Paulo, SP, Brazil). Two coats of sodium
alginate (Isolak, Clássico Dental Products, São Paulo, SP,
Brazil) were used as mold separator. Poly (methyl methac-
rylate) dental base resin (Lucitone 550-Dentsply International
Inc, York, PA) was prepared according to the manufacturer’s
directions by mixing 21 g polymer powder with 10 mL
monomer liquid. The denture base resin at dough stage was
packed into the molds and the flasks closed under pressure
using a hydraulic press (Dental Vip Ltd, Pirassununga,
SP, Brazil). The flasks were placed in an automatic

FIG. 1. Absorption bands of Photogem� and intensity of
blue (455 nm) LED light.
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polymerization tank (Termotron P-100, Termotron Equipa-
mentos, Piracicaba, SP, Brazil) at 73�C for 90 min followed by
30 min in boiling water at 100�C. After polymerization, the
flasks were bench cooled for 30 min and placed under run-
ning tap water for 15 min. The flasks were opened, and the
dentures carefully removed and trimmed using a metal bur
(Maxi-Cut, Dentsply-Malleifer, Ballaigues, Switzerland).
After this they were finished with a handheld micromotor
(Kavo, Biberach/Riss, Germany) using 360, 400, 600, and
1200-grit abrasive papers (Norton, Saint-Gobain Abrasivos
Ltd, Guarulhos, SP, Brazil). Finally, the dentures were po-
lished on a wet rag wheel with a slurry of coarse pumice
followed by tin oxide. After polishing, the dentures were
stored, being individually placed in a 200 mL beaker of dis-
tilled water at 37�C – 1�C for 48 – 2 h.27,28

Denture sterilization

After 48 – 2 h of storage in water, all dentures were ster-
ilized with ethylene oxide (ACECIL – Comércio e Ester-
ilização a Óxido de Etileno Ltd, Campinas, SP, Brazil). To
confirm the effectiveness of this procedure, two additional
dentures were tested as negative controls as follows. Fifteen
days after sterilization, each of the dentures was individually
placed in 200 mL of Tryptic Soy Broth (TSB) (Acumedia
Manufactures, Inc. Baltimore, MD) in a 600-mL sterile beaker
that was sealed with foil. The beakers were then incubated at
37�C for 7 days. At 48 h and 7 days, the broths were evalu-
ated for microbial growth (turbidity). No turbidity was ob-
served in the broth beakers at 48 h and 7 days.

Contamination of dentures and PDT

The protocol used in this study to contaminate the den-
tures was based on a method described by Sanitá et al.,27

Silva et al.,29 and Dovigo et al.30 On day one, yeasts were
individually inoculated with 0.5 McFarland turbidity stan-
dard corresponding to 107 organisms/mL in 5 mL of TSB
and grown aerobically at 37�C for 24 h. The following day,
15 lL of inoculated TSB was transferred to each 600-mL
sterile beaker containing the 200 mL of sterile TSB. Each
sterile denture was aseptically placed into the beaker, sealed
with foil, and incubated for 24 h at 37�C.

After incubation, each denture was carefully transferred
into a 600-mL beaker and washed once with 200 mL of sterile
saline to remove excess medium and nonadherent cells.
Dentures submitted to PDT (P + L + group) were then asep-
tically removed from the saline solution and individually
sprayed with PS. For this, * 5 mL of PS was sprayed on the
inner and outer surfaces of each denture. Then, the denture
was placed in a transparent plastic bag and left in the dark
for 30 min (pre-irradiation time). For illumination, the den-
ture was placed inside the LED device and irradiated for
26 min (37.5 J/cm2). The denture was centered within the
device and surrounded by LEDs during illumination. Thus,
inner and outer surfaces of denture were illuminated. To
determine whether PS alone had any effect on cell viability,
additional inoculated dentures were individually exposed to
PS under identical conditions to those described previously,
but not to LED light (P + L- group). The effect of LED light
alone was determined by exposing contaminated dentures to
light without their being previously exposed to PS (P-L +
group). Inoculated dentures exposed to neither PS nor LED

light acted as an overall control (P-L- group). Thirty-two
dentures were used for each Candida species (eight for each
group). Before reusing, each denture was autoclaved,
cleaned, polished, and sterilized with ethylene oxide.

Next each denture was individually placed in sterile bea-
kers containing 200 mL of saline solution. These beakers
were vortexed vigorously in a shaker incubator (Model MA-
562, Marconi Equipamentos Laboratoriais Ltda, Piracicaba,
SP, Brazil) for 1 min and allowed to stand for 9 min, followed
by a short vortex to re-suspend any organisms present. To
determine the number of micro-organisms in the 10 - 1, 10 - 2,
10 - 3, and 10 - 4 dilutions, duplicate specimens (25 lL) of the
suspension were transferred to SDA plates. These plates
were incubated at 37�C for 48 h. After this 48-h incubation
period, yeast colony counts of each plated denture were
quantified using a digital colony counter (Phoenix CP 600
Plus, Phoenix Ind. e Com. de Equipamentos Cientı́ficos Ltd,
Araraquara, SP, Brazil). Only dilutions on plates showing a
good separation of colonies (between 30 and 300 colonies per
dilution) were considered. The average number of colonies
for each denture was calculated after counting duplicate
plates.

Statistical analysis

The logarithm of colony-forming units per milliliter (log
cfu/mL) was calculated. Adherence to the assumptions of
normality and homoscedasticity was verified using the
Shapiro–Wilk and Bartlett’s tests (a = 0.05). Because the data
did not conform to the requirements of a normal distribution
and homoscedasticity, a Kruskal Wallis one-way analysis of
variance, at 95% confidence level (a = 0.05) on ranks was
used. If significant differences ( p < 0.05) in the log cfu/mL
numbers were found, pairwise multiple comparison proce-
dures (Dunn test) were performed to analyze the data
(a = 0.05).

Results

For all species of Candida evaluated, control group (P-L-)
showed the highest cfu/mL values (Figs. 2–6), and dentures
submitted to PDT (P + L) showed significant reduction in cfu/
mL values ( p < 0.05) when compared with the control (P-L-).

FIG. 2. Values of log (cfu/mL) obtained from dentures
contaminated with C. tropicalis. *Significant difference
( p < 0.05) when compared with control group (P-L-). xSigni-
ficant difference ( p < 0.05) when compared with P + L- group.
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C. tropicalis showed the highest reduction (3.99 log10, Fig. 2) in
cfu/mL values after PDT, whereas reductions of 2.67, 2.29,
2.17, and 1.73 log10 were observed for C. krusei, C. albicans,
C. glabrata and C. dubliniensis, respectively (Figs. 3–6).

When dentures were treated with PS or LED light only,
significant differences were observed for some species of
Candida. For C. albicans (Fig. 4), spraying PS on dentures
without light (P + L-) promoted significant reduction in
cfu/mL values ( p < 0.05) when compared with the control
(P-L-). When dentures were only illuminated by LED light
(P-L + ), a significant reduction in cfu/mL values ( p < 0.05)
was verified for C. tropicalis (Fig. 2), C. krusei (Fig. 3), C.
glabrata (Fig. 5) and C. dubliniensis (Fig. 6) in comparison with
the control (P-L-). Dentures subjected to PDT (P + L + ) also
showed significant reduction ( p < 0.05) for C. albicans (Fig. 4)
when compared with dentures treated with LED light alone
(P-L + ), and for C. tropicalis (Fig. 2), C. krusei (Fig. 3), C.
glabrata (Fig. 5), and C. dubliniensis (Fig. 6) when compared
with dentures treated with PS alone (P + L-). Nonetheless, no
significant difference was observed between dentures treated

with PS alone (P + L-) and those treated with light alone (P-
L + ) for any species of Candida evaluated.

Discussion

This investigation demonstrated that PDT applied to
dentures promoted a significant reduction in the viability of
different species of Candida commonly found in DS. Topical
application of Photogem followed by illumination of den-
tures with blue LED light resulted in reduction ranging from
1.73 to 3.99 log10 in the viability of Candida spp. This outcome
is in agreement with previous studies that verified the pho-
toinactivation of Candida spp. with Photogem and LED light
(455 nm) in vitro and in vivo.25,26 However, complete yeast
inactivation was not achieved in the present investigation,
which evaluated only one concentration of the PS and light
fluence. Dovigo et al.25 observed dose-dependent photo-
inactivation of C. albicans and C. glabrata strains using several
concentrations of Photogem and blue (455 nm) LED light
fluences. According to these authors, complete killing of
planktonic cultures of all strains was observed when 50 mg/L
of Photogem was associated with 37.5 J/cm2 of LED light.25

FIG. 3. Values of log (cfu/mL) obtained from dentures
contaminated with C. krusei. *Significant difference ( p < 0.05)
when compared with control group (P-L-). xSignificant dif-
ference ( p < 0.05) when compared with P + L- group.

FIG. 4. Values of log (cfu/mL) obtained from dentures
contaminated with C. albicans. *Significant difference
( p < 0.05) when compared with control group (P-L-). #Sig-
nificant difference ( p < 0.05) when compared with P-L +
group.

FIG. 5. Values of log (cfu/mL) obtained from dentures
contaminated with C. glabrata. *Significant difference
( p < 0.05) when compared with control group (P-L-). xSigni-
ficant difference ( p < 0.05) when compared with P + L- group.

FIG. 6. Values of log (cfu/mL) obtained from dentures
contaminated with C. dubliniensis. *Significant difference
( p < 0.05) when compared with control group (P-L-). xSigni-
ficant difference ( p < 0.05) when compared with P + L- group.
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As these parameters were the same as those used in the
present study for PDT application, it may be suggested that
the dentures could have contributed to the yeast survival.
Porosities, roughness, free energy and surface characteristics
of the denture resin as well as cell surface mannoprotein and
hydrophobicity are factors responsible for Candida adher-
ence,31 and the complex interaction between yeast and acrylic
may contribute to yeast survival. In this investigation, com-
plete inactivation of Candida spp. after PDT (P + L + groups)
could possibly have been achieved if higher concentrations of
PS and light fluences had been assessed, as a dose-dependent
photoinactivation of Candida spp. has previously been veri-
fied.25 On the other hand, even a Photogem concentration 10
times higher (500 mg/L) than that used in this study, associ-
ated with a blue (455 nm) LED light fluence of 305 J/cm2, did
not achieve complete inactivation of C. albicans in a murine
model of oral candidosis.26 At high concentrations, PS may
suffer a self-aggregation process in solution reducing the
singlet oxygen yield.32 Furthermore, other LED parameters,
such as higher light fluences, were not evaluated in this in-
vestigation, because longer periods of illumination would be
necessary, which could make treatment not feasible clinically.
It is possible that complete yeast killing would be achieved if
other sensitizers had been combined with LED light. How-
ever, only microbial reduction may be sufficient for treatment,
as Candida spp. is a commensal yeast commonly found on oral
mucosa. In addition, some antifungal agents, such as the
azoles, have a fungistatic activity, which does not result in
complete yeast killing either. Furthermore, antifungal agents
may lead to the development of resistant strains. Hence, PDT
may be clinically more effective on denture disinfection since
the development of microbial resistance to PDT may be im-
probable because of its mechanism of action.

As described previously, the PDT parameters used in the
present investigation were the same as those used previously
by Dovigo et al.25 when complete inactivation of Candida
spp. was observed (i.e., 50 mg/L of Photogem, 30 min of pre-
irradiation time, and 37.5 J/cm2 of blue LED light). Clini-
cally, shorter pre-irradiation times would be more feasible.
However, shorter times should be previously evaluated
in vitro using planktonic cultures of Candida spp. in order to
verify whether candidal cells would be sensitized.

In the present study, C. tropicalis was the species most
susceptible to PDT (reduction of *4 log10) and C. dubliniensis
was the least susceptible (reduction of 1.73 log10). This result
shows that susceptibility of Candida spp. to PDT varies ac-
cording to the strains and differs from its susceptibility to
antifungal agents. Although C. glabrata and C. krusei are in-
trinsically resistant to antifungal agents,12 in this investiga-
tion C. krusei was the second most susceptible species to
PDT, and C. glabrata was the second most resistant. There-
fore, this difference in the susceptibility of Candida spp. to
PDT and antifungal drugs can be explained by the distinct
mechanisms of yeast inactivation of the two therapies.
Whereas most antifungal agents inhibit the biosynthesis of
ergosterol, the main sterol in membranes of fungi,33 the re-
active oxygen species yielded by PDT promote perforation of
the cell wall and membrane, thereby permitting the PS to
translocate into the cell. Once inside the cell, oxidizing spe-
cies generated by light excitation induce photodamage to
internal cell organelles and cell death.17,18 Other investiga-
tions have shown differences in the susceptibility of Candida

spp. to PDT. Wilson and Mia19 verified that C. tropicalis was
less susceptible to PDT than was C. albicans, when toluidine
blue was associated with He-Ne laser. Using Photofrin� and
a mercury arc lamp, Bliss et al.20 demonstrated similar sus-
ceptibility of C. krusei and C. albicans to PDT, with C. krusei
being only slightly more resistant, and C. glabrata being the
most resistant. When methylene blue was used in conjunc-
tion with a diode laser, de Souza et al.21 observed that C.
krusei was the species that presented a higher percentage of
cfu/mL reduction (91.6%), followed by C. albicans (88.6%), C.
dubliniensis (84.8%) and C. tropicalis (82.3%), respectively. On
the other hand, Soares et al.22 verified similar susceptibility
to PDT among isolates of C. albicans and C. tropicalis sensi-
tized with toluidine blue and illuminated with LED light.
Gasparetto et al.23 observed that strains of C. dubliniensis
showed a reduction of > 98% after sensitization with extracts
of A. maritime and irradiation with diode laser. The outcomes
of Mang et al.24 demonstrated that strains of C. albicans, C.
glabrata, and C. krusei showed significant sensitivity to Pho-
tofrin and laser light, with C. krusei being less sensitive. The
results of these studies and those of the present investigation
suggest that the susceptibility of different species of Candida
to PDT may vary according to the type of PS and light
source. Moreover, Dovigo et al.25 reported that the fungicidal
effect of PDT was strain dependent, as the response to PDT
was not homogenous among strains of the same species.

Although significant differences were observed when
dentures were treated with PS or light alone when com-
pared with the control in this investigation, the reductions
obtained ranged from 0.76 to 1.28 log10 depending upon the
species evaluated. These values were lower than those ob-
tained after PDT (1.73 to 3.99 log10 when compared with
control), confirming that there is a greater antimicrobial
effect when PS is combined with light. Nonetheless, the
reduction obtained for C. albicans after spraying PS on
dentures (P + L-) may be explained by the mechanical re-
moval of cells, as no cytotoxic effect of Photogem on C.
albicans cells has previously been verified,25 even at higher
concentrations.26 However this effect was not seen in other
species. Probably, the complex interactions between non-
albicans species and acrylic resin, such as superior adher-
ence and hydrophobicity,27,34 may justify this effect. On the
other hand, the significant reduction observed for most
Candida species evaluated when dentures were irradiated
with blue LED light only (P-L + ), may be justified by the
conversion of light energy into heat energy inside the LED
device, thus generating heat in the acrylic resin dentures.
Although the LED device used in this study was equipped
with three air coolers, after the 26 min of irradiation (37.5 J/
cm2) the dentures were heated. This increase in the tem-
perature of the dentures was not measured in the present
investigation, but the light fluence used showed no cyto-
toxic effect on Candida spp. previously when cell suspen-
sions were irradiated for 50 min by the same blue LED
light.25 In this study, dentures were heated after illumina-
tion, but this increase in temperature did not prevent ma-
nipulation of dentures. Denture distortion may be the result
of high temperatures. Nonetheless, in a clinical study, Basso
et al. observed that microwaving dentures (3 min at 650 W)
three times a week resulted in a significantly greater
shrinkage of dentures, but no significant clinical finding
was observed.35 Despite the fact that the temperature of
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dentures was not measured in this investigation, we believe
that the temperature rise was not so high as to cause dis-
tortion of dentures. However, dimensional stability of
dentures after illumination during PDT procedure should
be investigated in future studies.

Conclusions

PDT resulted in significant reduction in the viability of
different species of Candida on dentures. This promising
outcome suggests that PDT may be used for reducing the
fungal load in dentures as an adjuvant treatment of DS.
However, in vivo conditions were not simulated in this in-
vestigation, and clinical trials are indispensible in order to
evaluate the effectiveness of this treatment.
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