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Plastic materials are widely used today in Paedodontics and Orthodontics for manufacturing preventive and
therapeutic devices. Since these are worn for long times in the oral cavity biofilm forms on the smooth
acrylic surfaces of those appliances. The biofilm must be removed not to destroy the oral microbiology. The
aim of this study was to research the possibility of removing the microbial biofilm and disinfecting retainers
using the photodynamic effect of toluidine blue O, Fotosan System (CMS Dental, Copenhagen, Denmark) in
comparison to two products available on the market Corega Denture Cleanser Tablets (GlaxoSmithKline)
and the Retainer Brite® Cleaning Tablets (DENTSPLY International Raintree Essix, FL, USA). The plastic
material used in this experiment was the cold-cure acrylic Palapress® vario (Heraeus-Kulzer GmbH, Hanau,
Germany). Images of the biofilm formed by Streptococcus pyogenes were obtained using a confocal laser
scanning m icroscope. The images were analyzed using Comstat 2 software. The results showed that all
the three investigated methods had a disinfectant effect. Corega Denture Cleanser Tablets reduced most of
the biofilm formed on the plastic substrate.
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In paedodontics and orthodontics acrylic resins are
widely used in manufacturing of space maintainers,
interceptive devices and orthodontic appliances.

The development of resins represented a great step
forward in dental technique, the first  thermopolymerisable
acrylic resins being developed in 1936 [1].

All these acrylic resin devices should be worn by the
patients many hours daily. Some can be removed daily
from the oral cavity but other only after a period of time.

Bacteria can survive in nature through sporulation and
adherence to both living and inanimate surfaces. The
adherence to different type of surfaces leads to biofilm
formation. Biofilms are involved in approximately 80% of
all infections. The environment created by the
microorganisms in the biofilm has a protective capacity
which can confer an up to 1000 fold resistance to
detergents, antiseptics and antibiotics, in comparison to
freely-floating bacteria [2].

When using removable appliances, there is an excessive
formation of a biofilm layer that is observed on the retentive
areas of hooks and springs, and on the smooth acrylic
surfaces of the appliance [3].

Studies showed that Lactobacillus and Streptococcus
mutans levels are increased inside dental biofilm as a result
of changing oral micro flora during orthodontic therapy with
active removable appliances. Toothbrushes were not
efficient enough to remove the microorganisms on the
retentive areas of the appliances.  Hence, it is
recommended to use antimicrobial agents to eliminate
the bacterial biofilm.  Disinfection methods of acrylic
orthodontic appliances should inactivate pathogenic
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microorganisms immediately, without damaging the
composition of the appliance.  Soaking the appliance in a
chemical solution could cause decomposition of the
acrylic resin molecules [4-8].

A contaminated acrylic space maintainer can induce
local infections (oral mucosa stomatitis) as well as
systemically ones (of upper airways, lungs, kidneys).
Dentists, orthodontists, dental-lab technicians dealing with
infected removable orthodontic appliances (R.O.A.) have
also a high risk through possible cross-contamination [9].

The photo-activated disinfection therapy demonstrated
to be an efficient adjunctive method in periodontology and
cariology [10, 11].

Experimental part
The aim of this study was to research the possibility of

removing the microbial biofilm and disinfecting retainers
using the photodynamic effect of toluidine blue O in
comparison to two products available on the market. For
this study the cold-cure acrylic Palapress®vario system
(Heraeus-Kulzer GmbH, Hanau, Germany) was used.

The Palapress®vario is a pourable, cold-curing powder
and liquid denture base material. The mixing ratio that we
used was: 10 g of methylmethacrylate copolymer powder
to 7 mL of acrylic liquid.

Starting from a single wax model we made a lot of
acrylic plates (cold-cure acrylic Palapress®vario), each
having a central well for the microbial biofilm experiments.
Before the experiment, all this chips were kept for one
hour in 3% hydrogen peroxide solution, followed by one
hour UV treatment for sterilization.
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The microbial biofilm experiments were carried out
using a strain of Streptococcus pyogenes ATCC 19615. The
strain was kept at -50°C in BHI (brain heart infusion) broth
with glycerol and before each experiment was cultured on
BHI agar 24h at 37°C. From the BHI agar plates the strain
was cultured in Todd Hewitt (TH) broth for 24h at 37°C.
The culture in broth was diluted 1000x in fresh TH broth
and 150 µL were placed on the surface of plastic chips and
incubated at 37°C for 72h in 100% relative humidity
conditions. Each 24h the culture media was removed, the
chips were rinsed with distilled water and 150 µL of fresh
TH broth was added on each chip surface.

After the 72h incubation period, the chips were rinsed
with distilled water and divided in four groups: control
(untreated), Corega (Corega Denture Cleanser Tablets -
GlaxoSmithKline), Brite (Brite® Cleaning Tablets -
DENTSPLY International Raintree Essix, FL, USA) and
Toluidine blue Retainer (Fotosan System - CMS Dental,
Copenhagen, Denmark).

Chips from the control group were placed in sterile saline
solution, sonicated for 2 minutes at 40 kHz to remove all
attached bacteria, followed by serial dilutions and cultured
on plate count agar and incubated for 24-48 h at 37°C.

The Corega group was treated using Corega Denture
Cleanser Tablets according to manufacturer instructions.
A tablet was dissolved in 250 mL warm distilled water
(45°C), the chips were immersed in solution, kept for 3
minutes, rinsed, placed in sterile saline solution, sonicated
followed by serial dilutions and cultured on plate count
agar.

The Brite group was treated using Retainer Brite cleaning
tablets according to manufacturer instructions. Briefly, one
tablet was dissolved in 250 mL warm distilled water (45°C).
The chips were placed into the solution, kept for 15
minutes, rinsed and then the same procedure as for the
toluidine group was performed to quantify the effect of the
procedure.

The toluidine blue group was treated using FotoSan agent
with medium viscosity (toluidine blue O - TBO, 0.1 mg/
mL) and light treated with FotoSan®630 (red light emitting
device) for one minute. After light treatment, the chips
were rinsed with saline solution (0.9% NaCl), placed in
sterile saline solution, sonicated for 2 min to remove all the
attached bacteria, followed by serial dilutions and cultured
on plate count agar in order to assess the effect of toluidine
blue O.

The microbial biofilm formed on the cold-cure acrylic
Palapress® vario system (Heraeus-Kulzer GmbH, Hanau,
Germany) was analyzed using a confocal laser scanning
microscope (CLSM) model Leica DM2500. A 63x objective
was used both in fluorescence and CLSM observations.
Chips were stained using acridine orange (AO) in acetate
buffer solution (Sigma) for 2 min at room temperature,
rinsed in pure water, air dried at room temperature and
examined. The 488 nm laser was used for Z-stacks at a
400Hz frequency and 30% power. The emission of the AO
dye was captured between 520-550 nm. The tri-
dimensional images were analyzed using specific
computer software COMSTAT 2.

Results and discussions
The confocal laser scanning microscope (CLSM) images

showed that the Streptococcus pyogenes biofilm formed
on all the chips of cold-cure acrylic Palapress® vario system
(fig. 1).

The analysis of the biofilms destruction using COMSTAT
2 software showed an important reduction compared with
the control group. All the 3 investigated materials had a
disinfectant effect. Compared with the control group the
Toluidine group showed a mean reduction of the colony-
forming units (CFU) of 25%, the Brite group a reduction of
50% and the Corega group an important decrease of 62.5%
(fig.2).

In the last years, the need for orthodontic treatments
has increased. Very few studies have investigated the
attitudes of dentist towards oral prevention measures.
Children who are in the treatment of removable orthodontic
appliances (ROA) have a higher risk for proximal caries,
gingivitis, and halitosis as compared to children without
ROA. The children’s characteristics treated with
orthodontic appliances are important and therefore, the
dentist recommendation should present alternates to
reduce microbiota and prevent other oral diseases [12].

The effect of exposure of disinfection methods on the
properties of denture base materials is of prime importance.
The most significant decrease in the surface hardness of
heat cure acrylic resins was with Corega denture cleanser
tablets when compared to the specimens at baseline (dry)
and control group. This was followed by Fixodent denture
cleanser tablets [13].

Orthodontic appliances must be disinfected not only
while wearing them but also before the first application.

Fig. 1. Aspects of the Streptococcus pyogenes biofilm
on Palapress® vario system

Fig. 2. Number of CFU (colony-forming units) per
chip in the four groups after the specific

disinfection methods were applied
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It could be concluded that 85% of appliances made from
acrylic resin presented infection post-manufacture in
specialized laboratory cases. Also, disinfection with 2%
chlorhexidine, the highest concentration examined in this
study, had a statistically significant efficacy, disinfecting
appliances in 91.3% of cases [14].

Conclusions
The results showed that all the three investigated

methods had a disinfectant effect. Corega Denture
Cleanser Tablets reduced most of the biofilm formed on
the plastic substrate. Further research is needed to see the
effects of exposure of the cold-cure acrylic Palapress® vario
system (Heraeus-Kulzer GmbH, Hanau, Germany) to the
different methods of disinfection.
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