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RESUMO

Infeccao cruzada entre consultério odontolégico e laboratério de prétese pode ocorrer
quando procedimentos de biosseguranca ndo sdo executados adequadamente. A
desinfeccdo dos trabalhos protéticos € uma etapa importante para prevenir a
contaminacdo cruzada entre pacientes, dentistas e técnicos de laboratorio. Este
estudo avaliou a eficacia da terapia fotodinamica (TFD) sobre espécimes de resina
acrilica confeccionados em seis diferentes laboratérios de protese dentaria. Os
laboratorios, cadastrados no Conselho Regional de Odontologia do Ceara, foram
selecionados por sorteio e ndo foram identificados ao operador dos experimentos. A
terapia teve como fotossensibilizador a eritrosina 22 uM (P), associada a irradiacédo
com LED de 520 nm, a 38 J/cm? (L). Cinquenta espécimes de cada laboratério foram
distribuidos em 5 grupos (n:10): controle positivo (padrdo ouro), estéril em 6xido de
etileno (EO); controle negativo (P-L-), sem tratamento; controle (P+L-) apenas corado
com eritrosina; controle (P-L+) apenas irradiado com LED 520 nm; experimental
(P+L+). Os espécimes foram colocados em tubos individuais contendo solucdo salina
e agitados para desprendimento microbiano. A suspensdo obtida foi diluida e
plaqueada em Agar Sangue, Sabouraud Dextrose e CHROMagar Orientation®, para
incubacdo em 48 horas a 37°C. O numero de unidades formadoras de colénias (UFC)
bacterianas e fungicas viaveis foi obtido, para compara¢cdes entre 0os grupos. Foram
realizados os testes estatisticos de Kruskal-Wallis e Dunn, que determinaram
diferenca significante entre os grupos (P-L-) e (P+L+) (p<0,0001). Foi identificada
contaminacgdo inicial com diversos micro-organismos nos seis laboratérios, como
Enterococcus spp., Pseudomonas spp., Staphylococcus aureus, Klebsiella,
Escherichia coli e Staphylococcus saprophyticus. As leveduras viaveis foram
eliminadas totalmente apds a TFD para os laboratoérios L1, L2, L4 e L5. No laboratorio
L3, a contagem de leveduras viaveis foi reduzida, em 97% ap6s a TFD, enquanto que
no L6, a reducéo foi de 94%. As bactérias viaveis foram eliminadas em 100% nos
laboratérios L1, L2, L4 e L5. Nos laboratérios L3 e L6, a eliminacao das bactérias
viaveis foi de 99%. A TFD foi bastante eficaz na eliminacdo microbiana das
superficies dos espécimes de resina acrilica.

Palavras-chave: materiais dentarios, fotoquimioterapia, contaminacédo, desinfeccéo,
esterilizacéo



ABSTRACT

Cross infection between dental office and the dental lab can occur when biosafety
procedures are not performed properly. Disinfection of prosthetic work is an important
step to prevent cross-contamination between patients, dentists and laboratory
technicians. This study evaluated the effect of photodynamic therapy on acrylic resin
specimens made in different dental prosthetic laboratories. Six laboratories (L),
registered in the Regional Council of Dentistry of Ceara, were randomly selected and
were not identified to the operator of the experiments. The therapy used erythrosine 22
UM as photosensitizer (P) associated with irradiation with LED of 520 nm, at 38 J/cm?
(L). Fifty specimens of each laboratory were divided into 5 groups (n: 10): sterile
positive control in Ethylene Oxide (EO); negative control (P-L-), untreated; control
(P+L-) only stained with erythrosine; control (P-L+) only irradiated with 520 nm LED;
experimental (P+L+). The specimens were placed in individual tubes containing saline
solution and the obtained suspension was diluted and plated on Blood Agar,
Sabouraud Dextrose and CHROMagar Orientation®, for incubation within 48 hours at
37°C. The number of colony- forming-units of viable bacteria and yeasts was obtained.
The statistical tests of Kruskal-Wallis and Dunn were carried out, which showed a
significant difference between the groups (P-L-) and (P+L+) (p <0.0001), identifying
contamination with different microorganisms in the six laboratories, such as
Enterococcus spp, Pseudomonas spp, Staphylococcus aureus, Klebsiella, Escherichia
coli and Staphylococcus saprophyticus. Viable bacteria were eliminated by 100% in
laboratories L1, L2, L4 and L5. In laboratories L3 and L6 elimination of viable bacteria
was 99%. The viable yeasts were completely eliminated after PDT for laboratories L1,
L2, L4 and L5. In the laboratory L3, viable yeast count was reduced by 97% after PDT,
whereas in the L6, the reduction was 94%. It was concluded that PDT was effective in
microbial removal from the surfaces of the acrylic resin specimens.

Key Words: dental materials, photochemotherapy, contamination, disinfection,
sterilization.
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1 Introducdo
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1 INTRODUCAO

O risco potencial de dentistas adquirirem ou transmitirem doencas infecciosas
durante os procedimentos clinicos tem sido uma grande preocupacdo na pratica
odontologica. O estudo de Powell et al. (1990) demonstrou que todos os materiais
enviados de consultorios odontolégicos para os laboratorios de protese dentaria,
incluindo proteses, estavam contaminados com diferentes espécies de micro-
organismos. Assim, 0s pacientes com necessidades de préteses, os auxiliares de
consultério dentario e técnicos em prétese dentéria, podem ser considerados grupos
de alto risco de transmissdo de doencas infecciosas, bem como susceptiveis a
aguisicdo das mesmas.

Préteses dentarias podem agir como uma fonte potencial de infec¢cdo por
micro-organismos patogénicos capazes de aderir e sobreviver em superficies de
resina acrilica, promovendo a formacdo de biofilme, que s&o estruturas complexas
semelhantes as encontradas na placa dental (Nikawa et al., 1998). Diferentes
espécies de agentes patogénicos orais e nao orais estdo associados com a placa da
dentadura, incluindo Candida spp., Staphylococcus spp., Streptococcus spp.,
Lactobacillus spp., Pseudomonas spp., Enterobacter spp. e Actinomyces spp. (Glass
et al., 2001). A presenca desta microflora tem sido implicada em patologias locais e
sistémicas, tais como cérie, doenca periodontal, inflamacéo da mucosa, infeccées do
trato urinario, conjuntivite, pneumonia, meningite, abcesso, septicemia e endocardite
(Zarb & Mackay, 1980).

A provavel transmissdo de agentes infecciosos entre pacientes e profissionais
tem levado a um esforco para se encontrar métodos de descontaminacao, tendo
como obijetivo a reducéo da ocorréncia de contaminacdo cruzada na pratica protética.
Desinfeccdo é um procedimento importante que deve ser realizado antes das
entregas aos laboratérios e antes do contato com os pacientes. Agentes quimicos tém
sido amplamente aplicados para reduzir a contaminacdo microbiana das préteses
(Mennel et al., 2007). No entanto, alguns dos recomendados tém alterado a estrutura
fisica (Shen et al., 1989) e as propriedades mecanicas (Asad et al., 1992) das resinas
acrilicas. Outra alternativa para a desinfeccdo da protese pode ser irradiacdo de

micro-ondas, apesar de sua eficacia contra micro-organismos (Ribeiro et al., 2007),



13

muitos tipos de proteses ainda ndo podem ser desinfectados, por exemplo, préteses
parciais removiveis, por serem construidas com uma estrutura metalica.

Tendo em mente que os materiais dentarios ndo devem ser afetados pelo
processo de desinfeccdo, muitos investigadores tém conduzido estudos a procurar
terapias alternativas para a descontaminacgdo de dispositivos protéticos.

A terapia fotodindmica (TFD) é uma modalidade terapéutica que tem se
mostrado promissora na inativagcdo de micro-organismos patogénicos, podendo
também ser chamada de inativacdo fotodinamica ou quimioterapia fotodinamica
antimicrobiana (Wilson & Dobson, 1993; Wainwright, 1998; Teichert et al., 2002; Bliss
et al., 2004; Perussi, 2007; Donelly et al., 2007; Dovigo, 2007).

Ha relatos datando mais de cem anos sobre efeitos fotodindmicos de
compostos quimicos contra micro-organismos, que foram suprimidos pela
popularizacdo das sulfonamidas e da penicilina. Esta técnica também é utilizada na
oncologia, tratando eficazmente lesdes cancerosas, por meio da inducdo de danos
irreversiveis nas células de tecidos neoplasicos (Dougherty et al., 1975; Woodburn et
al., 1996; Sibata et al., 2000; Machado, 2000; Tardivo et al., 2006). Diante das
dificuldades impostas pelo surgimento da resisténcia microbiana, muitas pesquisas
vém sendo realizadas buscando solugbes alternativas para o tratamento das
infeccbes orais. Alguns estudos tém demonstrado o potencial da TFD na inativacéo
de micro-organismos, incluindo alguns tipos de virus, bactérias e fungos (Machado,
2000; Dovigo, 2007; Miyabe et al., 2011; Costa et al., 2011).

A TFD consiste na associacdo da acdo de um agente corante
jfotossensibilizador a uma fonte de luz, no intuito de provocar necrose celular e morte
microbiana. A acdo se da quando a substancia fotossensibilizadora absorve os fotons
da fonte de luz e seus elétrons passam a um estado excitado, ocorrendo uma primeira
reacdo com producdo de superperéxido, radicais hidroxila e radicais livres. Na
presenca de oxigénio molecular, ocorre uma segunda reacdo, em que O
fotossensibilizador transfere energia ao mesmo quando retorna ao seu estado natural,
formando moléculas de vida curta e altamente reativas, como 0 oxigénio singleto
(*0,). Todos estes produtos oxidam moléculas biolégicas, como proteinas
mitocondriais, alterando sua estrutura e atividade, desnaturam proteinas e lipidios da

membrana e modificam a estrutura do DNA celular (Yamada, 2004). Devido a este
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mecanismo de acdo, € muito improvavel que um micro-organismo desenvolva
resisténcia a este tipo de terapia (Machado, 2000; Wood et al., 2006; Perussi, 2007).

Outras vantagens também podem ser observadas com o uso da inativacdo
fotodinamica: seletividade do fotossensibilizador, focalizacdo da luz apenas na regiao
de interesse, possibilidade de repeticdo da terapia sem efeitos téxicos cumulativos,
nao invasivos e de baixo risco (Teichert et al., 2002; Dovigo, 2007; Perussi, 2007). A
TFD tem sido aplicada em Odontologia, nas éareas de Cariologia, periodontia,
endodontia e patologia oral, com bastante eficacia (Giusti, 2005; Aghahosseini et al.,
2006; Foschi et al., 2007; Oliveira et al., 2007; Garcez et al., 2008; Qin et al., 2008;
Mima et al., 2011; Parker, 2011).

Na area de reabilitacdo oral, a reducdo do numero de micro-organismos
favorece o controle da infeccédo cruzada entre consultério e laboratério de prétese, na
necessidade de esterilizacdo de proteses imediatas e guias cirdrgicos para
implantodontia, que devem ser utilizados em ambiente cirargico asséptico. Ha um
interesse clinico na procura de um método alternativo que seja simples e eficaz na
desinfeccdo ou, até mesmo, esterilizacdo de dispositivos confeccionados em resina
acrilica, uma vez que problemas como infec¢cBes cruzadas entre laboratério e
consultério e 0 uso de proteses imediatas e guias cirdrgicos ndo estéreis em cirurgias

orais, tém sido recorrentes na odontologia.
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2 Proposicdao
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2 PROPOSICAO

O objetivo geral deste trabalho foi avaliar a eficacia da técnica de TFD no
combate a micro-organismos presentes em superficie de resina acrilica de espécimes
confeccionados em diferentes laboratdrios de prétese dentaria da cidade de
Fortaleza-CE, utilizando eritrosina 22 pM associada a um LED de 520 nm, com

densidade de energia de 38 J/cm?.

Os objetivos especificos foram:
- verificar o nivel de contaminacdo dos espécimes acrilicos confeccionados e recém
recebidos de diferentes laboratérios de prétese dentaria da cidade de Fortaleza-CE,
identificando os principais micro-organismos presentes;
- analisar o nivel de reducdo na contagem de colbnias de bactérias e leveduras

vidveis promovida pela técnica de TFD nos espécimes de resina acrilica.
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3 Capitulo
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3 CAPITULO

Esta dissertacdo baseia-se no Artigo 46 do Regimento Interno do Programa de
Pos-graduacdo em Odontologia da Universidade Federal do Ceard, que regulamenta
o formato alternativo para dissertacdes de mestrado e teses de doutorado e permite a
insercdo de artigos cientificos de autoria e co-autoria do candidato. Assim sendo,
essa dissertacdo é composta por um capitulo, contendo um artigo submetido a

publicacdo ou em fase de redacéo, conforme descrito na sequéncia:

e CAPITULO 1

“Antimicrobial photodynamic therapy applied on acrylic resin specimens made in
different dental prosthetic laboratories.”

Frota, Bruna Marjorie Dias
Garcia, Bruna Albuquerque
Alcantara, Danielle Dourado

Pontes, Karina Matthes de Freitas

Este artigo serd submetido a publicacdo no periddico “The Journal of Prosthetic

Dentistry”.
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ABSTRACT

This study evaluated the effect of photodynamic therapy on acrylic resin specimens made in
different dental prosthetic laboratories. Six laboratories (L), registered in the Regional Council
of Dentistry of Ceara, were randomly selected and were not identified to the operator of the
experiments. The therapy used erythrosine 22 pM as photosensitizer (P) associated with
irradiation with LED of 520 nm, at 38 J/lcm? (L). Fifty specimens of each laboratory were
divided into 5 groups (n: 10): sterile positive control in Ethylene Oxide (EO); negative control
(P-L-), untreated; control (P+L-) only stained with erythrosine; control (P-L+) only irradiated
with 520 nm LED; experimental (P+L+). The specimens were placed in individual tubes
containing saline solution and the obtained suspension was diluted and plated on Blood Agar,
Sabouraud Dextrose and CHROMagar Orientation®, for incubation within 48 hours at 37°C.
The number of colony- forming-units of viable bacteria and yeasts was obtained. The statistical
tests of Kruskal-Wallis and Dunn were carried out, which showed a significant difference
between the groups (P-L-) and (P+L+) (p <0.0001), identifying contamination with different
microorganisms in the six laboratories, such as Enterococcus spp, Pseudomonas spp,
Staphylococcus aureus, Klebsiella, Escherichia coli and Staphylococcus saprophyticus. Viable
bacteria were eliminated by 100% in laboratories L1, L2, L4 and L5. In laboratories L3 and L6
elimination of viable bacteria was 99%. The viable yeasts were completely eliminated after
PDT for laboratories L1, L2, L4 and L5. In the laboratory L3, viable yeast count was reduced
by 97% after PDT, whereas in the L6, the reduction was 94%. It was concluded that PDT was

effective in microbial removal from the surfaces of the acrylic resin specimens.

Key Words: acrylic resins, photochemotherapy, contamination, disinfection, sterilization.
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INTRODUCTION

Photodynamic therapy (PDT) is a therapeutic modality that has shown promise in the
inactivation of pathogenic microorganisms.“#* It has been applied in dentistry in the areas of
cariology, periodontics, endodontics and oral pathology, with quite effectiveness.*” In the
dental prosthesis area, this technique has been reported in the control of Candida albicans, in
complete dentures users with chronic atrophic candidiasis .> However, there is also interest in
the control of other microorganisms in order to avoid cross-infection between dental office and
dental prosthesis laboratory, and the need to sterilize immediate dentures and surgical guides
for implantology, which should be used in an aseptic environment.®

PDT involves the application and retention of a photosensitizing agent in the microbial
cells, under irradiation with a light source of compatible wavelength with its absorption band.
The irradiated photosensitizer undergoes a transition from a low power state to a state of higher
energy or triplet. At this stage, the photosensitizer reacts with biomolecules, producing free
radicals and radical ions, and besides it also reacts with molecular oxygen to produce singlet
oxygen (*O,), which is highly cytotoxic, since it causes oxidation of cellular constituents, like
the plasma membrane and DNA, resulting in death of stained microbial cell.**°

The removable dentures or surgical guides are composed primarily of acrylic resins.
This material can be sterilized by ethylene oxide gas, gamma ray, hydrogen peroxide plasma or
microwave irradiation. The first three methods are used in hospitals at high cost, the fourth
method, while promising, has not provided high effectiveness in microbial elimination, besides
there are controversies regarding their effect on the dimensional stability and hardness of the
involved materials.*>*? For disinfection of acrylic resins it is common to use substances such as

1% sodium hypochlorite, peracetic acid, chlorhexidine digluconate and 70% alcohol, which,
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although reducing the amount of microorganisms, have disadvantages, such as changes in
surface roughness and color of acrylic resins, corrosion and irritant effects on skin.

The concern with the issue of cross-infection in dental offices and dental laboratories
has been increasing in recent years, especially after studies showing that contamination to
technicians of prosthetic laboratory is mainly caused by contaminated impressions or
mishandling of items from the clinic after arrival at the laboratory. Research reported that more
than 60% of prosthesis delivered to the laboratories from dental clinics were contaminated with
pathogenic microorganisms from the oral cavity of patients.***® One study reported that 39.5%
of technicians of prosthetic laboratory never wore gloves when working.'” Furthermore, the
lathes used for polishing and finishing acrylic prosthesis have been described as a major source
of contamination.’® Kugel et al. (2000) concluded that no prosthetic laboratory is immune to
the presence of potentially patogenic microorganisms.*®

Given this, the search for an alternative method of simple and effective disinfection or
even sterilization of these acrylic devices is of great clinical interest.2?*?* Photodynamic
therapy in the inactivation of microorganisms can be a solution, because of its proven
effectiveness in other areas, combined with the simplicity of the technique and the possibility
of using low cost materials. The aim of this study was to evaluate the effect of PDT technique
in combating microorganisms present on the surface of acrylic resin specimens made in
different dental laboratories from the city of Fortaleza - CE - Brazil, using 22 uM erythrosine
associated with a 520 nm LED with energy density of 38 J/cm?. Therefore, the null hypothesis
tested in this study was that the combination of a photosensitizer with LED could have no

antimicrobial effect on acrylic resin substrates.

MATERIAL AND METHODS

Preparation of samples
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It was selected an autopolymerizing, pink médium color acrylic resin (Classico,Articles
Dental Classic Ltda. S&o Paulo, SP,Brazil) for the preparation of specimens. Fifty specimens
were ordered in each of the six selected dental prosthetic laboratories from Fortaleza - CE-
Brazil, according to the manufacturer's specifications, following the model of matrices
provided by the main investigator.

The matrices provided to the laboratories were fabricated in vinyl polysiloxane (Adsil,
Vigodent, Séo Paulo, SP, Brazil) measuring 1 cm in diameter and 2 mm in thickness, packed in
surgical paper and sterilized by autoclaving. In dental prosthetic laboratories, they were
included in flasks so they could be reproduced with the indicated pressing of acrylic resin. The
finishing and polishing of the specimens were also conducted by the laboratories, indicating the
use of grit sand papers numbers 220, 400 and 600, followed by polishing around with a felt

cone and canvas polishing discs, with pumice stone and spanish white powder.

Selection of laboratories

This selection was performed by raffle, randomly via computer program (Microsoft
Office Excel 2007), from a list provided by the Regional Council of Dentistry of Ceara (CRO-
CE).

The dental prosthetic laboratories drawn were called L1, L2, L3, L4, L5 and L6 and
received no information about the survey, only the order of service, the requirement on the
trademark of resin, the finishing system and the matrices for preparation of the specimens. The
operator of the experiments also had no knowledge about which laboratories were being tested,
making this a blinded study.

The prepared specimens were transported in sterile metal box, from the dental
laboratory to the microbiology laboratory at the Faculty of Pharmacy, Dentistry and Nursing, in
Federal University of Ceara (FFOE -UFC). The shipping box was opened inside a laminar flow

for removal of specimens and beginning of experimental phase.
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Selection of photosensitizer and light source

Erythrosine (Vetec, Rio de Janeiro, RJ, Brazil) was used for the sensitization at the
concentration of 0.22 uM. ° Erythrosine solution was prepared by dissolving the powdered dye
in phosphate-buffered saline (PBS, pH 7.4) and sterilized by filtration through 0.22 pum pore
diameter membranes (Merck Millipore, Billerica, Ma, USA). After filtration, the dye solution
was stored in the dark. The absorption spectrum (400-800 nm) of the Erythrosine solution was
verified in a spectrophotometer (Cary 50 Bio, Varian Inc., Palo Alto, Ca, USA). A green light-
emitting diode, LED (DMC, S&o Carlos, SP, Brazil) was used as the light source, with a
wavelength of 520 nm, an output power of 90 mW, an energy of 30 J, a fluence of 38 J/cm? and

irradiation time of 5 min and 33 seconds.

Experimental groups

For each of the six selected laboratories, the specimens were randomly divided into 5

groups (n = 10):

* Positive control (EO) - sterilized with ethylene oxide gas;

* Negative control (P-L) - no treatment;

+ Control of the photosensitizer (P+L-) - stained with erythrosine and unirradiated:;

* Control of the green LED (P-L+) - irradiated with green LED and unstained;

* Experimental (P+L+) - stained with erythrosine and irradiated with the green LED.

The EO group was positive control, because after the arrival from the lab, their
specimens were individually wrapped in surgical paper and subjected to ethylene oxide
sterilization, considered the gold standard. The negative control group received no treatment, in
order to permit verification of actual contamination of the specimens after arrival from the

laboratories.
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The group (P+L-) aimed to search a possible antimicrobial effect of the erythrosine
alone, at 22 pM. The specimens of this group, after the arrival from the laboratory, were
immersed in 2 mL of the dye solution, ensuring contact in all their surfaces, for 5 minutes in
glass containers.

The group (P-L+) aimed to check possible antimicrobial effect of irradiation with 520
nm LED alone. The active tip of the LED device was fixed in an universal stem and positioned
perpendicularly to the surface to be irradiated, from a distance as close as possible (0.8 cm) so
the entire specimen would be covered with light. Irradiation was performed on all surfaces of
each specimen as soon as they came from the laboratory, at 38 J/cm?.

The experimental group (P+L+) tested the effect of the PDT, consisted by combination
of the photosensitizer with the LED, in reducing or eliminating microbial in acrylic resin
specimens made in dental prosthetic laboratories from the city of Fortaleza- CE - Brazil. The

procedures of staining and irradiation were performed as described above.

Microbiological procedures

After treatments, the specimens were placed in individual tubes containing 1 mL of
0.9% sterile saline solution. Each tube was shaken by an agitator (MPL — Materiais para
Laboratorio, MPL QL-901, Piracicaba, SP, Brazil) for 1 minute.

The suspension went through a process of dilution 1:10, 1:100, 1:1000 and the neat and
diluted forms were plated (10 uL) in petri plates containing the culture media Blood Agar,
Sabouraud Dextrose (Eximlab LTDA, Sao Paulo, SP, Brazil), and CHROMagar Orientation®
(Probac, Sdo Paulo, SP, Brazil). The plates were incubated for 48 hours at 37 °C for subsequent
counting of colony-forming-units (CFU).

The Blood Agar culture medium allows the growth of viable bacteria, whereas

Sabouraud Dextrose Agar allows the growth of viable yeasts and fungi.
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CHROMagar Orientation® is a non-selective chromogenic medium that allows

identification of specific colonies through differences in their shades.

Statistical analysis

The CFU were counted for each group from each laboratory. Adherence to the
assumptions of normality was verified using the Cochran tests (a = 0.05). The data did not
conform to the requirements of a normal distribution, so Kruskal-Wallis and Dunn’s multiple

comparison tests were performed, at 95% confidence interval (o = 0.05).

RESULTS

The results of CFU counts of viable bacteria in different groups for different
laboratories are shown in figures 1 to 6, while the results of CFU counts of viable yeast in
different groups, for the analyzed laboratories are shown in figures 7 to 12.

The antimicrobial activity of PDT against viable bacteria was statistically significant ,
according to results from (P+L+) groups compared to (P-L-), (P-L+) and (P+L-) groups (p
values < 0.0001).

For viable yeasts, it was observed that PDT was also effective, but the irradiation with
the light source alone showed significant reduction in CFU counts in almost all laboratories
tested, except for L6. Erythrosine alone also played a role in reducing viable yeasts for L3 and
L4.

The comparison among laboratories as the initial contamination of specimens by viable
bacteria and viable yeasts are shown in figures 13 and 14, respectively. The microorganisms
Enterococcus spp, Pseudomonas spp, Staphylococcus aureus, Klebsiella, Escherichia coli and

Staphylococcus saprophyticus were detected on specimens from all laboratories analyzed.



27
DISCUSSION

The risks of cross infection in dental offices are established and well known. The same
can not be said of the dental prosthetic laboratories, because they generally do not have direct
contact with the patient and thus believe they are not exposed to biological material.??

Prosthesis, molds, models or other objects that had contact with the patient's saliva or
blood can serve as an indirect transmission of microorganisms to personnel involved in the
handling of the prosthesis in the laboratory, including laboratory technicians, via direct contact
or by aerosols produced during abrasion procedures and polishing. Due to the high degree of
contamination of the prosthesis, if appropriate disinfection procedures are not implemented also
in laboratories, microorganisms may be transferred from the laboratory to the patient, triggering
a crossed infection.?®

In addition to concerns related to molds, studies have shown that the compartment that
holds the pumice stone and felt cones for polishing can spread diseases.'>?* In this study it was
found that although there was no contact with the oral cavity of patients, specimens were
contaminated with different types of microorganisms, including many species of bacteria, as
well as yeasts.

Witt & Hart (1990) reported that all samples of felt disks with pumice stone and water,
in three dental prosthetic laboratories, were contaminated with microorganisms like aerobic
positive Gram-bacilli, including B. cereus, B. brevis, B. licheniformis and members of the
group coli. In this study, microorganisms such as Enterococcus spp, Pseudomonas spp,
Staphylococcus aureus, Klebsiella, Escherichia coli and Staphylococcus saprophyticus were
identified.

The use of PDT in this study consisted of an alternative for disinfection or sterilization
of acrylic resin based materials, which proved to be quite effective, showing statistically

significant difference between the group that received therapy and the negative control group,
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without any form of treatment, resembling the gold standard, sterilized in ethylene oxide. In all
laboratories, there were different levels of contamination, but in all, the therapy has proven to
be a safe and efficient alternative for the control of infections caused by pathogenic
microorganisms.

As well as the work of Deminova & Hamblin (2005), Dovigo (2007) and Wood et al.
(2006) when associating a photosensitizer with a compatible light emitting device, it was
observed that there was a significant decrease in the quantity of microorganisms evaluated. As
in this work, the sterilization of some specimens occurred when subjected to PDT in question,
which means a reduction that reached zero CFU.

Wood et al. (2006) realized PDT in biofilms formed by S. mutans using erythrosine 22
MM and light (500-650 nm and 400 W of power for 15 min) and obtained a reduction of
2.2+0.2 logy for biofilms of 48 hours and 3.0+0.3 log;o for biofilms of 28 hours; they
concluded that erythrosine can be an excellent photosensitizer for the treatment of buccal
biofilms. Metcalf et al. (2006) also tested erythrosine in PDT on S. mutans. Those authors
verified a bacterial reduction of 2log;, after 5 minutes of continuous irradiation and a reduction
of 3.7log;p when the light was fractionated into time intervals of 10-30 seconds. This
concentration of erythrosine is considered minimal, making it easy to remove from the acrylic
resin sample surface and consequent removal in dental prosthesis, not causing therefore stains
on such devices.

In their work, Rolim et al. (2012) evaluated the PDT with different photosensitizers at
the same concentration against Streptococcus mutans planctonic cultures. In addition, the 'O,
production of each photosensitizer was determined. The photosensitizers (163.5 uM)
methylene blue (MB), toluidine blue ortho (TBO) and malachite green (MG) were activated
with a light-emitting diode (636 nm), while eosin (EOS), erythrosine (ERI) and rose bengal

(RB) were irradiated with a curing light (570 nm). Light sources were operated at 24 J/cm?. In
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vitro S. mutans experiments demonstrated TBO as the only photosensitizer that effectively
reduced 99.9% of this microorganism.

Xanthene dyes, such as erythrosine and rose bengal show strong absorption of light in
the spectral range of 460-560 nm, with an absorbance maximum at approximately 530 nm, a
range corresponding to that emitted by blue and green light-emitting diodes.”® Corroborating
with the choice in this study, because the 520 nm LED associated with erythrosine showed
known antimicrobial properties that led to a decrease in the amount of microorganism when
inserted in a real contamination provided by the laboratory, unlike most of the work using
defined concentrations of specific microorganisms or biofilms.

Peloi et al. (2008), testing with red light-emitting diode and methylene blue, achieved
microbial reductions of 93.05%, 93.7% and 93.33% for Staphylococcus aureus, Escherichia
coli and Candida albicans, respectively. Soares et al. (2009) inhibited adhesion in 55% of C.
albicans on buccal epithelial cells, with a reduction of 3.41logi, using a light-emitting (630 nm)
diode and toluidine blue. Zanin et al. (2006) sensitized biofilms in vitro with a light-emitting
diode (638 nm) and toluidine blue and reached a reduction of 95% in viability of Streptococcus
mutans, Streptococcus sobrinus and Streptococcus sanguinis.

As for action of only LED on the inactivation of microorganisms a decrease was
obtained, though not statistically significant. This result is also identified in the study of
Maclean et al. (2009) who demonstrated the susceptibility of resistant bacteria to antimicrobials
and blue light (405 nm) without the application of photosensitizer. Gram-positive and Gram-
negative species were completely inactivated, with reductions reaching 9log;o for these species,
including methicillin-resistant S. aureus.

PDT mediated by erythrosine and green LED significantly reduced plactonics cultures
and biofilms of C. albicans and C. dubliniensis, according to the work of Costa et al. (2011).
Similar results were obtained in this study - there was a significant decrease, reaching zero, in

many cases, in the growth of yeasts in acquired specimens.
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The divergences found in this study, in relation to the literature, are due to the absence
of pre-defined parameters for using PDT, which make a reliable comparison of the results
among the different papers difficult to obtain. Moreover, the concentration of the
photosensitizer, photosensitizer type, incubation time, the physiological condition of the
microorganisms and exposure period of the LED, may also influence the results of the PDT
technique.

Certain limitations were identified at this work, as sample size, with smaller dimensions
than those of the dental prosthesis, beyond the use of a single type of photosensitizer, on a
single concentration and fluency. More research is needed, with different dyes and equipment,
to find options more viable and equally effective for PDT.

Application of antimicrobial photodynamic therapy is promising because the
development of resistance after multiple treatments is unlikely, due to the interaction of singlet
oxygen and free radicals with various cellular and metabolic structures, being equally effective
against bacteria resistant to antibiotics.*® Also does not have toxic, corrosive or allergens
effects as certain disinfectants.

Through this study it was possible to demonstrate the effectiveness of PDT in
combating cross-contamination between dental prosthetic laboratories and dental offices, in
addition to being a simple, rapid and low-cost alternative for sterilization of acrylics devices
that are used in surgical field, as surgical guides and immediate removable dentures and,

without apparent harm to the properties of the acrylic resin.

CONCLUSION
Within the limitations of this study, it was concluded that PDT mediated by erythrosine
22 UM and 520 nm LED exercised antimicrobial activity in acrylic resin specimens provided

from different dental prosthetic laboratories from Fortaleza-CE - Brazil.
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Figure 1. The results of CFU counts of viable bacteria in different groups for Laboratoryl (L1).
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Figure 2. The results of CFU counts of viable bacteria in different groups for Laboratory 2
(L2).
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Figure 3. The results of CFU counts of viable bacteria in different groups for Laboratory 3
(L3).
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Figure 4. The results of CFU counts of viable bacteria in different groups for Laboratory 4
(L4).

L4 - viable bacteria
501 b

‘0- T
30+ J— b

D
O
20+ ab
=
10_ ——
a a
O 1 L] T
@) '\; X N X
Q/ Q Q\/ Qx Qx\/
Treatments

Different lowercase letters indicate p<0.0001.



39

Figure 5. The results of CFU counts of viable bacteria in different groups for Laboratory 5
(L5).
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Figure 6. The results of CFU counts of viable bacteria in different groups for Laboratory 6
(L6).

L6 - viable bacteria
500~ b

300-
T b
200+
100 bc

0 L] L] L] L]

O Vv x \; x

% Q Q,\/ Qx Qx\/

Treatments

Different lowercase letters indicate p<0.0001.



41

Figure 7. The results of CFU counts of viable yeasts in different groups for Laboratory 1 (L1).
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Figure 8. The results of CFU counts of viable yeasts in different groups for Laboratory 2 (L2).
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Figure 9. The results of CFU counts of viable yeasts in different groups for Laboratory 3 (L3).
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Figure 10. The results of CFU counts of viable yeasts in different groups for Laboratory 4 (L4).
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Figure 11. The results of CFU counts of viable yeasts in different groups for Laboratory 5 (L5).
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Figure 12. The results of CFU counts of viable yeasts in different groups for Laboratory 6 (L6).
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Figure 13. The comparison among laboratories contamination of specimens by viable bacteria.
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Figure 14. The comparison among laboratories contamination of specimens by viable yeasts.
(p=0,1241)
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4 Discussdao
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4 DISCUSSAO

As proteses dentarias provenientes dos consultorios odontologicos para
consertos, ou montagens e ajustes, podem estar contaminadas por uma série de
virus, bactérias ou fungos provenientes da cavidade oral dos pacientes (Assery et al.
1992, Brace & Plummer, 1993). Segundo Yassuda (2007), a percep¢ao do risco e o
medo de aquisicdo de doencas sao importantes motivadores para a adocdo de
medidas de protecdo. Nesse sentido, o Técnico em Protese Dentaria (TPD) sabe que
pode contrair doencas durante a execucdo de suas atividades laboratoriais, porém
parece haver uma lacuna entre a percepcdo de risco e a adogcdo de medidas de
protecdo (Neves et. al.,, 2001). A consciéncia do risco esta intimamente ligada a
percepcao palpavel e visivel do perigo, o TPD ndo tem contato direto com o paciente.
Neves et al. (2001) observaram que 95% (n=60) dos técnicos entrevistados na cidade
de Belo Horizonte-MG relataram ter recebido molde e modelo de gesso com sangue e
saliva visiveis.

Villas Boas e Quirino (2006) observaram que apenas 30% dos TPDs tinham
conhecimento sobre o risco de aquisicdo de infeccdo cruzada e 15% nao sabiam
quais doencas poderiam adquirir. O controle de infec¢do cruzada entre consultérios e
laboratérios dentarios é importante, pois na confeccao das préteses, uma série de
instrumentos e materiais utilizados usualmente ndo s&o esterilizados. Préteses
provadas em pacientes, moldagens e modelos de gesso também constituem
potenciais fontes de infeccao (Miller, 1996). A contaminacdo de modelos de gesso por
micro-organismos provenientes de moldes ndo desinfetados também foi comprovada
por Leung & Schonfeld em 1990. Powell et al. (1990) observaram que, em 100
diferentes tipos de trabalhos protéticos, 67% apresentavam contaminacdo por
bactérias patogénicas, incluindo: Esterobacter cloacae, Klebsiella oxytoca e
Pseudomonas aeruginosa. Mais de vinte anos depois, foram encontrados no presente
trabalho resultados semelhantes de contaminagcdo ainda muito presente em
dispositivos de resina acrilica. Quanto a quantidade de leveduras viaveis, foi
verificado no laboratorio 1 (L1) uma média de 12,.6 UFC, no laboratorio 2 (L2), 14,1
UFC, no laboratdrio 3 (L3) 6 UFC, no laboratério 4 (L4) 11 UFC, no laboratério 5 (L5)

8,2 UFC e no laborat6rio 6 (L6) 11,7 UFC. Quanto as bactérias viaveis encontradas



51

nas superficies dos espécimes deste estudo, as médias foram no L1 539,6 UFC, no
L2 42,4 UFC, no L3 232,9 UFC, no L4 37,5 UFC, no L5 6,8 UFC e no L6 395,1UFC.

Todos os laboratérios de protese participantes deste trabalho apresentaram
contaminacdo por bactérias do tipo Enterococcus spp, Pseudomonas spp,
Staphylococcus aureus, Escherichia coli, Klebsiella e Staphylococcus saprophyticus.
Esté clara a necessidade de cuidados com o ambiente de trabalho dos profissionais
de protese dentaria, seja 0 dentista ou o técnico dos laboratérios, bem como que a
manipulacdo de moldes, modelos e trabalhos protéticos, que necessitam ser
desinfetados (Cavalcante & Pereira, 2000).

Agostinho et al. (2004) encontraram um alto indice de contaminacdo nas
proteses totais provenientes de seus usuarios (UFC>300), representando um alto
risco de contaminacdo para os profissionais do laboratério e fonte de contaminacao
cruzada, uma vez que 0s equipamentos e materiais no ambiente de trabalho,
consequentemente, contaminardo novas préoteses. No presente estudo, foi
demonstrado que pecas de resina acrilica podem configurar risco ao paciente por
serem capazes de reter varios micro-organismos patogénicos viaveis.

Alguns agentes quimicos podem ser utilizados para desinfetar dispositivos
protéticos acrilicos, como o hipoclorito de so6dio, o glutaraldeido, a clorexidina e o
alcool 70%. Apesar da sua eficiéncia como um desinfetante, o hipoclorito de sédio 1%
tem algumas desvantagens, incluindo a sua atividade corrosiva nas superficies
metalicas, o efeito irritante sobre a pele e outras células, destruicdo de tecidos,
incluindo cotton, e alteracao de cor de resinas (Bell et al., 1989). O glutaraldeido 2% é
frequentemente utilizado em odontologia (Cardoso et al., 2000). A principal vantagem
desse produto é que ele ndo é inativado quando em contato com materiais organicos,
nao é corrosivo e ndo degrada plasticos ou borracha (Silva et al., 2004), no entanto,
devido a sua potencial toxicidade, eles devem ser manipulados com cuidado e, de
acordo com a Resolucdo RDC 15 de 03/2012 ficou proibida a utilizacdo do
glutaraldeido na esterilizacdo em consultorio odontolégico e a desinfeccdo em alto
nivel com esta substadncia segue normas especificas regulamentadas por esta
Resolugdo (ANVISA, 2012). A clorexidina tem sido uma das mais estudadas
substancias antimicrobianas. Ela é considerada a melhor escolha entre os
antissépticos para o controle de biofilme dental, eficaz para a prevencdo da carie

dentaria, gengivite e estomatite. Sua atividade antimicrobiana tem sido descrita,
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principalmente, em bactérias Gram-positivas (Guimardes, 2001). Pavarina et al.,
(2003) observaram alteragcdo na rugosidade superficial de resina acrilica apds imersao
em digluconato de clorexidina e em hipoclorito de sodio.

Em situacdes em que € necessaria a esterilizacdo dos dispositivos de resina
acrilica, como guias cirurgicos na implantodontia e proteses removiveis imediatas a
exodontia, poucas sao as opc¢Oes. Existem estudos demonstrando os efeitos
antimicrobianos do uso do forno de micro-ondas, em que ocorrem alteracbes em
algumas propriedades do material acrilico (Hamouda & Ahmed, 2010). Outras
possibilidades sao o uso de radiacdo gama, plasma de perdxido de hidrogénio e gas
de 6xido de etileno, que sdo meios eficazes de esterilizacdo fria, sem danos ao
acrilico, porém de alto custo, devido a necessidade de equipamentos especificos.

Na busca por métodos mais seguros e eficientes na desinfeccéo e esterilizacéo
de dispositivos protéticos, surgiu a proposicao de utilizar uma técnica que nos dias
atuais j& demonstrou bastante eficacia no controle de micro-organismos em doencas
periodontais e na desinfeccdo de canais endodonticos, além de ser utilizada na area
de patologia oral e oncologia. A chamada terapia fotodinAmica consiste na associacéo
de um corante fotossensibilizador a uma fonte de luz, como o LED ou laser.

A hipotese de que a terapia fotodindmica com a utilizacdo da eritrosina
associada a um diodo emissor de luz de 520nm seria eficaz contra os provaveis
micro-organismos encontrados nos dispositivos providos dos laboratérios de prétese
dentaria da cidade de Fortaleza, Ceara, foi confirmada. Tal eficacia foi demonstrada
em pequenos espécimes de resina acrilica nos grupos irradiados com fluéncia de
energia de 38 J/cm?. Foi alcancada a esterilizacdo de quase todos 0s espécimes,
resultados estes promissores quanto a desinfeccéo e esterilizacdo, ndo descartando a
possibilidade de que futuros estudos possam levar ao mesmo resultado em proteses
advindas ou entregues a pacientes no consultorio.

Referindo-se aos controles, para todos os laboratorios, os grupos néo tratados
(P-L-), apenas irradiados (P-L+) e apenas corados (P+L-) apresentaram grande
namero de UFC de bactérias viaveis, enquanto o grupo esterilizado com o6xido de
etileno (EO) n&o apresentou nenhum crescimento microbiano. ISsto comprovou que
houve verdadeira contaminacdo advinda dos laboratorios nos espécimes de resina

acrilica e que a esterilizacdo em oxido de etileno foi realmente eficaz, enquanto a
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acdo isolada da fonte de luz e dos fotossensibilizantes causou menor redugédo na
contagem dos micro-organismos.

Quando avaliada a acéo isolada da eritrosina neste trabalho, foi verificado que
ela ocasionou a reducdo, e em muitas vezes a eliminacdo, dos micro-organismos do
género Klebsiella, em todos os laboratdrios, nos quais estava presente. Ja quando
utilizado somente o LED (P-L+) de 520 nm, obtivemos uma reducédo de UFC dos
micro-organismos Escherichia coli, Klebsiella e Staphylococcus saprophyticus nos
espécimes por estes contaminadas. As leveduras viaveis presentes nos grupos (P-L+)
também se mostraram sensiveis a irradiacdo com o LED de 520 nm. O Unico micro-
organismo que se mostrou um pouco resistente a terapia (P+L+) foi a Pseudomonas
spp.

No estudo de Gomes (2012), a TFD utilizando 0,05% de azul de metileno como
fotossensibilizador, associado ao LED vermelho (630nm), causou inibicdo do
crescimento de Pseudomonas aeruginosa, Candida albicans, Staphylococcus aureus
e Escherichia coli em biofilmes formados em especimes de resina acrilica, enquanto o
Streptoccocus mutans ndo se mostrou sensivel a esta associacdo. Também ocorreu
diferenca quanto & dose de irradiacdo, sendo a de 30 J/cm? mais eficaz.

Miyabe et al. (2011) relataram que apenas a irradiacdo a laser ou a
concentracio 3 mM de azul de metileno, separadamente, ndo reduziram
significativamente a contagem de Staphylococcus spp. Costa et al. (2011)
encontraram resultados iguais, usando eritrosina 0,39 — 200 pM e laser de 532 nm.
No entanto, Lovato-Silva et al. (2002) avaliaram varios agentes evidenciadores de
biofilme, incluindo eritrosina a 5% e azul de metileno a 0,05%, e encontraram
atividade antimicrobiana neles. A concentracdo do fotossensibilizador e as espécies
de micro-organismos envolvidos nos diferentes estudos podem promover variacdo
nos resultados.

Como pode ser visto através dos resultados deste estudo, todos 0s grupos
experimentais, de todos os laboratérios, mostraram uma reducdo nas contagens
microbianas em relagdo aos grupos controle, chegando a anular esse crescimento,
em concordancia com os resultados encontrados por outros autores (Wood et al.,
2006; Dovigo, 2007; Miyabe et al., 2011; Costa et al., 2011).

Como limitagBes do estudo, alguns aspectos foram observados: os espécimes

possuiam pequenas dimensdes, em comparacao as dimensdes de uma protese



54

dentéria, ndo se sabendo se em proteses totais, por exemplo, seria obtido 0 mesmo
resultado, sendo necessarios ensaios clinicos randomizados. O levantamento da
contaminacdo advinda dos laboratérios de prétese dentéaria foi feito em um numero
reduzido de laboratérios. Uma futura analise de uma quantidade maior de laboratorios
podera trazer conclusées mais embasadas sobre a contaminacao cruzada real. Mais
estudos ainda sao necessarios para o estabelecimento de um protocolo de
esterilizacdo de espécimes de resina acrilica com a técnica da terapia fotodinamica,
verificando-se dosagens maiores de energia em diferentes comprimentos de onda de
fontes de luz, além de diferentes fotossensibilizadores em concentracées minimas,
aumentando-se o numero de opc¢Bes para facilitar o acesso e a implantacdo da
esterilizacdo de acrilico na rotina profissional de cirurgides dentistas e técnicos em

prétese dentaria.
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5 CONCLUSOES

A caracterizacdo dos diferentes tipos de proteses acrilicas como possiveis
agentes de infeccdo cruzada é relevante, diante da contaminacdo observada nos
espécimes confeccionados nos diferentes laboratérios de prétese analisados. A
consequéncia desejavel desse conhecimento € uma conduta mais rigorosa por parte
do cirurgido dentista, no que diz respeito aos procedimentos de desinfeccdo e
esterilizacdo destes dispositivos, previamente ao posicionamento na cavidade oral do
paciente. Por meio dos resultados obtidos, e diante das limitacdes deste estudo, foi
concluido que a terapia fotodindmica apresentou aplicabilidade na area da protese
dentaria, pois ela propde a descoberta de novos protocolos e meios de desinfec¢éo e
esterilizacdo para dispositivos acrilicos utilizados rotineiramente nos consultorios
odontoldgicos. A utilizacdo do fotossensibilizador eritrosina 22 yM associado a um
LED 520 nm a 38 J/icm? foi bastante eficaz na reducdo dos micro-organismos
encontrados nos espécimes de resina acrilica, provindos dos laboratérios de protese

dentaria do municipio de Fortaleza-CE.
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ANEXO 1

TABELA 01. Identificacdo dos microorganismos através do meio de cultura Chromagar

Orientation® (PROBAC, Brasil).

Cor Tipica da Col6nia

Microorganismo pré-identificado

Vermelho *

Escherichia coli

Azul Turquesa

Enterococcus spp

Azul Metalico

Klebsiella ssp, Enterobacter spp,

Citrobacter spp

Halo marrom *

Proteus spp

Creme, transltcida

Pseudomonas spp

Dourada, opaca, pequena

Staphylococcus aureus

Rosa opaca, pequena

Staphylococcus saprophyticus

*A sensibilidade para E. coli € 99,3%. O meio permite os testes de indol para
confirmacédo da E. coli e da fenilalanina ( com Cloreto Férrico) para confirmacdo de
Proteus ssp. A identificacao definitiva requer testes adicionais.
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APENDICE A
TABELA 2. Avaliagdo do crescimento microbiano especifico, no

CHROMagar Orientation®, de acordo com as terapias utilizadas, no

laboratério 01.

EO P-L- P+L- P-L+ P+L+
Escherichia coli - - - -
Enterococcus spp - + + + -
Proteus - - - - -
Pseudomonas - + + + -
Spp
Staphylococus - - + + -
aureus
Staphylococcus - - - - -
saprophyticus
Klebsiella - + - - -
Citrobacter - - - - -

TABELA 3. Avaliagdo do crescimento microbiano especifico, no
CHROMagar Orientation®, de acordo com as terapias utilizadas, no

laboratério 02.

EO P-L- P+L- P-L+ P+L+
Escherichia coli - + + - -
Enterococcus spp - + + - -
Proteus - - - - -
Pseudomonas - + + + -
Spp
Staphylococus - - - - -
aureus
Staphylococcus - + + + -
saprophyticus
Klebsiella - + - - -
Citrobacter - - - - -




TABELA 4. Avaliacdo do crescimento microbiano especifico, no
CHROMagar Orientation®, de acordo com as terapias utilizadas, no

laboratério 03.

P+L- P-L+ P+L+
Escherichia coli - - - -
Enterococcus spp - + -
Proteus -
Pseudomonas spp -
Staphylococus aureus | -
Staphylococcus -
saprophyticus
Klebsiella -
Citrobacter - - - - -

+ |
+

+ -

+|+ |

4|+

+
+
1
1

TABELA 5. Avaliacdo do crescimento microbiano especifico, no

CHROMagar Orientation®, de acordo com as terapias utilizadas, no

laboratério 04

EO P-L- P+L- P-L+ P+L+
Escherichia coli - + + - -
Enterococcus - + + + -
Spp
Proteus - - - - -
Pseudomonas - + + + -
Spp
Staphylococus - - + + -
aureus
Staphylococcus - + + - -
saprophyticus
Klebsiella - + - - -
Citrobacter - - - - -




65

TABELA 6. Avaliacdo do crescimento microbiano especifico, no
CHROMagar Orientation®, de acordo com as terapias utilizadas, no

laborat6rio 05.

P-L-

P+L-

P+L+

Escherichia coli

Enterococcus spp

+

Proteus

Pseudomonas spp

+

Staphylococus
aureus

+

Staphylococcus
saprophyticus

Klebsiella

Citrobacter

TABELA 7. Avaliacdo do crescimento microbiano especifico,

CHROMagar Orientation®, de acordo com as terapias utilizadas, no

laboratério 06.

EO

P-L-

P+L-

P-L+

P+L+

Escherichia coli

+

+

Enterococcus
Spp

+

+

+

Proteus

Pseudomonas
Spp

Staphylococus
aureus

Staphylococcus
saprophyticus

Klebsiella

Citrobacter

no
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APENDICE B

FIGURA 1. Exemplo do crescimento bacteriano quanto ao controle negativo (P-L-)

no meio de cultura Agar Sangue (L1).

FIGURA 2. Exemplo do crescimento bacteriano quanto ao controle negativo (P-L-)

no meio de cultura CHROMagar Orientation® (L1).
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FIGURA 3. Exemplo do crescimento bacteriano quanto ao Controle negativo (P-L)

no meio de cultura CHROMagar Orientation® (L3).

FIGURA 4. Exemplo do crescimento de fungos quanto ao controle negativo (P-L)

no meio de cultura Sabouraud Dextrose Agar — com 7 dias de cultivo. (L3).
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FIGURA 5. Exemplo do crescimento de leveduras quanto ao controle negativo (P-

L-) no meio de cultura Sabouraud Dextrose Agar (L6).

FIGURA 6. Exemplo do crescimento de bactérias vidveis quanto ao controle da

eritrosina (P+L-) no meio de cultura Agar Sangue (L6).
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FIGURA 7. Exemplo da auséncia de crescimento de fungos e leveduras frente a
Terapia Fotodinadmica (P+L+) no meio de cultura Sabouraud Dextrose Agar (L6).

FIGURA 8. Exemplo da auséncia de crescimento de bactérias viaveis frente a

Terapia Fotodinamica (P+L+) no meio de cultura Agar Sangue(L1).
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FIGURA 9. Exemplo da Terapia Fotodinamica (LED) aplicada no espécime de resina

acrilica.
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FIGURA 10. Exemplo da utilizacdo do fotossensibilizador eritrosina no espécime de

resina acrilica.




