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Clinical effect of photodynamic therapy
on primary carious dentin after partial
caries removal

Abstract: This study was conducted to assess the clinical effect of
photodynamic therapy (PDT) in the decontamination of the deep dentin
of deciduous molars submitted to partial removal of carious tissue. After
cavity preparation, dentin samples were taken from the pulp wall of
nineteen deciduous molars before and after PDT application. Remaining
dentin was treated with 0.01% methylene blue dye followed by irradiation
with an InGaAIP diode laser (A - 660 nm; 40 mW; 120 J/cm? 120 s). Dentin
samples were microbiologically assessed for the enumeration of total
microorganisms, Lactobacillus spp. and mutans streptococci. There was no
significant difference in the number of colony-forming units (CFU) for any
of the microorganisms assessed (p > 0.05). Photodynamic therapy, using
0.01% methylene blue dye at a dosimetry of 120 J/cm? would not be a viable
clinical alternative to reduce bacterial contamination in deep dentin.
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Introduction

The innerportion part of the carious dentin, deep dentin, is a vital tissue
with a robust collagen structure that is capable of remineralization.' Less
invasive restoration techniques have been used to maintain this dentin layer.
It has been shown that, after cavity restoration, there is a drastic reduction
in both the genotypic and phenotypic complexity of the microbiota.>?

However, some studies show that microorganisms, including Streptococcus
mutans, may adapt to this new environment created under the restorations
after the incomplete removal of the carious dentin.*

Bacteria may persist in the dentin after cavity preparation, even after
“complete” removal of carious tissue,® which is driving the search for
alternative treatments aimed at reducing the number of microorganisms
after interventions for removing carious tissue.’

Photodynamic Therapy (PDT) is currently being studied as an
antimicrobial alternative with an effect on the microorganisms involved in
caries.® This technique is based on the application of a light source to activate
a photosensitizer (PS), which in the presence of oxygen, produces singlet
oxygen and free radicals that irreversibly damage cellular components
and modify metabolic activities, leading to cell death.’

The antimicrobial effectiveness of PDT has been demonstrated
under laboratory conditions on planktonic cultures,® monospecies
biofilms of certain genera of streptococcus, including Streptococcus
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mutans®and also in multi-species biofilms.”” PDT’s
effects on carious dentin formed under experimental
conditions through in vitro' and in situ' models
has also been shown.

However, the response to PDT inside the oral
cavity may be different from the results so far under
experimental conditions.” In fact, a study has shown
that, using the same dosimetry, PDT reduced microbial
levels in the in vitro biofilm and had little effect on
microbial levels in the in situ situation.”®

We have found only one in vivo study that assessed
the effect of PDT/ Methylene blue on contaminated
dentin of permanent teeth, which showed a reduction
in the number of viable bacteria (total microorganisms,
mutans streptococci, Lactobacillus spp.) on the order of
one decimal reduction after applying a low-power
laser™ Therefore, further studies into the effectiveness
of PDT in clinical situations are required, including
analysis of its effects on the remaining pulp wall.
Thus, the goal of this study was to evaluate the
clinical effect of using photodynamic therapy (PDT)
to decontaminate the deep dentin of primary molars
submitted to partial removal of carious tissue.

Methodology

Sample selection

The study was approved by the Research Ethics
Committee of the Universidade Federal do Maranhdo
- UFMA under no. 23115-004903/2011-24. Parents or
legal guardians received detailed information about
the study and signed a free and informed consent
form to permit the children to participate in the study.
All children received full dental care in the Pediatric
Dentistry Clinic of the UFMA.

The sample size used in this study was based on
a previous study of our group regarding the partial
removal of carious dentin; there, it was determined that
sixteen teeth were required to obtain a test power of
80% at a significance level of 5% and with a maximum
error of the estimate of 0.6 colony-forming units.?

To select the samples, 418 children aged between
6 and 10 years from five public schools in the
municipality of Sao Luis (state of Maranhao, Brazil)
were examined. Children with systemic diseases
or who had used antibiotics in the three months
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preceding the study were excluded, as these factors
might interfere in the etiological factors of the disease.
The inclusion criteria were children with deciduous
teeth with active carious cavities scoring 6 (Extensive
distinct cavity with visible dentin) in the ICDAS index
(International Caries Detection and Assessment
System)™ plus inner half of the dentin confirmed by
radiological examination. Teeth showing clinical or
radiographic signs of irreversible damage to the pulp
such as spontaneous pain, fistula or radiographic
alteration in the interradicular or periapical region
were excluded.’ Thirty-four children were selected
to participate in the study, but only 19 arrived at the
appointed date for the experiment (Figure 1).

Cavity preparation

The teeth of the patients were anesthetized and
isolated using a rubber dam. Next, a high-speed bur
no. 1011 (KG Sorensen, Sao Paulo, Brazil) was used
to gain access to the caries lesion. Cavity preparation
was limited to the total removal of carious tissue
from the cavosurface angle and surrounding walls.
The infected dentin was superficially removed from
the pulp wall using low-speed sterile no. 3 carbide
(KG Sorensen, Sdo Paulo, Brazil) bur.® Calibration
of the examiner for partial caries removal was
performed on 20 extracted deciduous molars which
were evaluated after treatment by a second examiner
experienced in this procedure (C.C.C.R.). A kappa
value of 0.85 was obtained.

After cavity preparation, a first sample of dentin
was collected from the remnant pulp wall using
another low-speed sterile no. 3 carbide (KG Sorensen,
Sdo Paulo, Brazil) bur (samples before PDT) to assess
the microbiological state of this tissue.'® After
sampling, the bur was transferred to an Eppendorf
tube containing glass beads and 1 mL 0.9% saline
(NaCl 0.9%) and kept on ice for microbiological
processing within one hour (Figure 2).

Application of PDT and restorative
procedure

After collecting the first sample of dentin, the
photosensitizing dye methylene blue at 0.01% (Aptivalux,
Belo Horizonte, Brazil) was applied to the whole
cavity for 5 minutes. This pre-irradiation step was the
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Assessed for eligibility (n = 418 children)
Between 6 and 10 years

Excluded (n = 384)
* Not meeting inclusion criteria (n =3 59)
¢ Declined to participate (n = 21)
* Other reasons (n = 4)

Selected (n = 34)

v

Arrived at the appointed date
for the experiment (n = 19)

Figure 1. Flow chart subject enrollment.
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Figure 2. Experimental design of the study.

same used in permanent molars where PDT reduced
microbial levels of caries related microorganims.™
The complex microbiota of the active caries lesion
was the reason methylene blue was selected for this
experiment. In vitro study have shown that methylene

blue is a cationic photosensitizer that can inactivate
both gram-positive and gram-negative bacteria after
applying PDT with a low-power red laser.”

After the 5 min with methylene blue were elapsed,
every tooth was irradiated with a low power diode
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laser (InGaAIP - Indium Gallium Aluminum
Phosphide) with dosimetry of 120 J/cm? power
density of 1 W/cm? for 120 s, receiving energy of
4,8 J. The device parameters were: output power of
40 mW, 660 nm wavelength and spot size of 0.04 cm?.
The active tip of the laser was placed perpendicular
to the cavity, as close as possible to the stained dentin
(average 0.25 cm from cavity floor), being cavity’s
opening the tip approximation limit. Next, a new
dentin sample (sample after PDT) was collected at a site
adjacent to that of the first sample for microbiological
processing (Figure 2).

All teeth were protected with calcium hydroxide
cement (Dentsply, Milford, USA), etched with 37%
phosphoric acid for 15 s, and restored with an adhesive
and resin composite system (3M ESPE, Minneapolis,
USA) according to manufacturer instructions.

Microbiological analysis

To estimate the number of microorganisms present
in1 mg dentin (CFU/mg), dentin weight was calculated
from the difference between the whole set - tube,
glass beads, saline and bur with dentin and the
previously assessed weight of the set without the
dentin sample.®

After weighing, the tubes were shaken in a vortex
for 30 s to disperse the sample.* A 100 pL aliquot of
the dispersed suspension was used to prepare serial
dilutions (1:10, 1:100, 1:1.000, 1:10.000 e 1:100.000).
Twenty microliter aliquots of each dilution were
incubated in duplicate in the following media: blood
agar for total microorganism count; mitis salivarius
agar supplemented with 0.2 units/mL bacitracin
and 15% sucrose for mutans streptoccci count™ and
Rogosa agar (RG), for Lactobacillus spp count.” The
Rogosa and blood agar plates were incubated under

anaerobic conditions for 48 h,”° whereas the MSB
plates were incubated in an atmosphere of 5% CO,
for the same period of time."

After incubation, the CFU number was counted
in dilutions containing 6-60 colonies. Microbial
counts were conducted using a stereo microscope
(Quimis®, Sdo Paulo, Brazil) by a single examiner
who was blinded to the previous clinical procedure.
The reproducibility of the counting method was
assessed by comparing the microorganism counts
for each sample’s duplicate plates: the counts were
positively correlated (r = 0.92; p < 0.001).

Statistical analysis

The experimental unit used as a parameter for
analysis was the tooth, and CFU counts before and
after PDT were compared in each culture medium:
blood agar, MSB agar and Rogosa agar. The data
distribution was found to be non-normal using the
Shapiro-Wilk test. The Box-Cox method was used to
log10-transform the data. After this transformation,
CFU counts were analyzed using the Wilcoxon test.
The BioEstat 5.3 software (Instituto Mamiraud, Belém,
Brazil) was used in these analyses, and a level of
significance of 5% was adopted.

Results

The results of this study showed no statistically
significant difference in the viable microorganisms
count before and after application of PDT in molars
submitted to partial removal of carious tissue. The
therapy promoted an average log-reduction of 0.61
in total microorganisms, 0.44 in mutans streptococci
and 0.46 in Lactobacillus spp. (Figure 3a, 3b and
3c); however, this reduction was not significant
(p > 0.05) (Table).

Table. CFU count (means + standard deviation) before and after photodynamic therapy with a 120 J/cm?dose.

Total microorganisms

Dose
before after
CFU (Log,) 3.93 +0.93 3.32 = 1.68
120 J/cm? Variation (%) 14.71 = 41.03
p 0.3981

CFU: colony-forming unit.
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Mutans streptococci Lactobacillus spp.

before after before after
2.17 = 1.85 1.73 =1.77 1.51 = 1.97 1.05 = 1.67
34.5 = 49.19 20.25 = 43.71
0.4265 0.4990
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Figure 3. a) Effect of PDT with 120 J/cm? dose on the
total microorganism count; b) Effect of PDT with 120 J/cm?
dose on the Mutans streptococci count; ¢) Effect of PDT with
120 J/ecm? dose on the Lactobacillus spp. count. The data
represent the Log reduction, and the error bars represent the
standard deviation. Data followed by same letters represent
no significant difference (p > 0.05).
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Discussion

In this study, PDT was not effective at reducing
contamination in the deep dentin of deciduous teeth
using a dosimetry of 120 J/cm?.

The susceptibility of the microorganisms involved
in caries disease grown in planktonic culture to
PDT, using lower energy levels than in this study,
namely between 24 and 72 J/cm?, has already been
reported in the literature.**' Additionally, the effect
of PDT on microbial reduction has also been shown
in experimental models of carious dentin based on
induced caries lesions in bovine dentin" and the
“in situ” caries model on human dentin,'? even with
intensities below the ones used in this experiment,
i.e.,, between 24 and 94 ]/cm?, respectively.

Differences in experimental conditions may
explain the discrepancies between this clinical study
and studies under controlled conditions. Previous
in vitro studies used planktonic cells with reduced
antimicrobial resistance,?® whereas the studies that
induced the formation of in vitro and in situ biofilms
displayed less microbiological complexity than deep
caries cavities.??® For these reasons, the response
to PDT in the oral cavity may be different from the
results in these more controlled studies? in fact, it has
already been shown that the positive PDT results
for planktonic culture were not repeated with the
biofilm formed “in situ” using the same dosimetry.”®

The variety of protocols for applying laser or LED
light and the existence of few studies that assess the
properties of the available dyes and light sources
hinder the comparison of the findings on PDT.*

We have found only one clinical study on PDT
in the carious dentin of permanent teeth, in which
a significant reduction in the counts of total
microorganisms, mutans streptococci and Lactobacillus
spp. was observed.™ It may be that the dentinal
substrate contributed to the differences between the
findings of the study carried out with permanent
teeth and this study, which used caries lesions on
deciduous teeth. However, it should be stressed that
the difference in substrates may have been minimized,
as that PDT was applied to caries lesions in the deep
dentin in both studjies.

The difference in applied dosimetry might be
another explanation for why we did not observe PDT
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effects in the present study, where the dosimetry
used was 120 J/cm? and, therefore, lower than in
the clinical study that obtained positive effects
in permanent teeth, which used 320 J/cm2*In an
additional experiment using 180 ]/cm?in the remaining
dentin of 10 primary molars, extending the time of
laser application for 180 s and using the maximum
power output of the device to red light (40 mW); still
found no significant antimicrobial effect (data not
shown). This last dosimetry is the maximum limit
for the red laser of our device.

In this study, PDT caused an average log reduction
of 0.46 for mutans streptococci, 0.44 for Lactobacillus
spp. and 0.61 for total microorganisms; however,
this reduction was not significant compared to the
controls before treatment. In the study on carious
dentin of permanent teeth, the log reduction was
approximately 1.38 for mutans streptococci, 0.93 for
Lactobacillus spp. and 091 for total microorganisms,
all of which were statistically significant."* Thus,
although an effect of PDF was observed in that clinical
study with permanent teeth, its effect was low to be
considered dose-effective because it should induce
a reduction of at least 2-log CFU.»

The limited penetration of the dye in the carious
dentin may be another explanation for the lack
of PDT effect observed in this study. It has been
shown that the penetration of toluidine blue and
methylene blue in healthy dentin are, respectively,
130 and 190 um,* and this penetration is even
smaller in the carious dentin, only 52.6 pm below
the surface.” Therefore, the altered structure of the
carious dentin may not allow adequate penetration
of the photosensitizer®®'*and its interaction with
microorganisms such as the ones in the mutans
group, which have been observed in dental tubules
at depths of 200 pm or more from the dentinal
surface.” The study of new parameters such as the
type and concentration of the dyes may give new
perspectives for an antimicrobial effect of PDT.

In this sense, Longo et al.*® using a different
photosensitizer (aluminum-chloride-phthalocyanine
- AICIPc entrapped in cationic liposomes) using
a dosimetry of 180 J/cm? in carious dentin of
primary/permanent molars (n = 12), found a
significant reduction in absolutes values of CFU
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(82%), however no percentual CFU reduction was
observed after PDT application (p = 0.15). It would
be possible that the photosensitizer used (AICIPc
entrapped in cationic liposomes) could be more
promising than Methylene blue here used to
bacterial reduction in carious dentin. However that
study showed no statistic difference in percentual
CFU reduction and also it was not presented an
CFU-log reduction, which would impose a clinical
relevance to their results.”

However it is important to consider that residual
contamination of the deep dentin, after cavity
preparation, is still a cause of concern among
investigators, as certain strains seem to adapt
to the new environment that is created under
restorations.* Viable bacteria were found even after
total removal of the carious tissue, immediately after
preparation, or re-contaminating the cavity some
months after restorations were in place.* Therefore,
even if one attempts to “sterilize” the residual
bacterial contamination after cavity preparation,
there seem to be other factors that can lead to the
presence of bacteria on the tooth-restoration interface
after a period of clinical intervention in the oral
cavity that are not dependent on the conditions left
immediately after preparation.* Conversely, after
partial removal of carious dentin, there is a drastic
reduction in microbiota complexity, or even an
absence of bacteria after a period of cavity sealing
by restoration material.>?

Conclusion

Our results indicate that PDT using 0.01% methylene
blue dye at a dosimetry of 120 to 180 J/cm? would not
be a viable clinical alternative to reduce bacterial
contamination in deep dentin. Other studies may be
conducted testing new photosensitizers or dosages
to establish an effective protocol to PDT reduction
in caries tissue with clinical relevance.
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