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Abstract The capacity of photo-sensitizers, used in com-
bination with laser light to kill micro-organisms has been
demonstrated in different studies. Photo-activated disinfec-
tion (PAD) has been introduced in periodontology as an aid
for disinfection of periodontal pockets. The aim of this
study is to verify the harm for dental vitality of the use of
PAD in periodontal pockets. Root canals of 24 freshly
extracted human teeth where prepared using profiles up to a
size of ISO #50 and filled with thermo-conductor paste. A
silicon-based false gum was made in which a periodontal
pocket was created and filled with photo-sensitizer pheno-
thiazine chloride (phenothiazine-5-ium, 3.7-bis (dimethyla-
mino)-, chloride). The external root surface was irradiated
during 60 s with a 660-nm diode laser (output power:

20 mW; power density: 0.090 W/cm2; Energy density:
5.46 J/cm2) using a periodontal tip with a diameter of 1 mm
and a length of 7 mm. Temperatures were recorded inside
the root canal using a thermocouple. Measurements were
recorded every second, starting at 10 s before lasering,
during the irradiation and were continued for 150 s after the
end of irradiation, and six measurements were done per
tooth. An average temperature increase of 0.48 ± 0.11°C
was recorded. Our results demonstrated that pulp temper-
ature increase was lower than 3°C, which is considered to
be harmless for pulp injury. Regarding pulp temperature
increase, the use of PAD for disinfection of periodontal
pockets can be considered as a safe procedure for dental
vitality.
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Introduction

Periodontal diseases affect around 30% of the adult
population. These diseases occur due to the presence of
pathogen germs (Porphyromonas gingivalis, Actinobacillus
actinomycetemcomitans), which induce inflammation of
periodontal tissues and resorption of the alveolar bone [1,
2].

The reduction of the pathogen bacterial flora is done
classically by mechanical debridement (root shaving) in
conjunction with an antimicrobial treatment by systemic
way [3, 4].

The complete elimination of the biofilm and layers of
sediment in periodontal pockets is very difficult to obtain
after treatment, particularly in the deepest level of pockets
[5–8].
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An adjunctive treatment for the mechanical debridement
is the disinfection by photo-activation. This device is a laser
diode with an emission of visible red color, a wavelength of
635 nm and of a photo-sensitizer: toluidine blue [9].

The application of a high concentration of toluidine blue
(during PAD) is not toxic to humans [10, 11] in endodontic
nor in the treatment of decays [12].

Studies conducted on animals also confirm that when
PAD is applied to the periodontal pockets there are no toxic
effects on these tissues either [13].

However, the efficiency of the decontamination of the
periodontal pockets by PAD has not yet been complete-
ly clarified [14, 15]. The aim of this in vitro study is
therefore to evaluate the pulp temperature increase
during the application of the PAD for periodontal
pocket decontamination.

Materials and methods

Preparation of teeth

Twenty-four freshly extracted, caries-free, single-rooted,
human teeth were used. They where stored in a 0.05%
NaOCl solution. The roots were cut at a length of
approximately 10 mm. Root canals were prepared up to
an apical size ISO #50 using ProFile instruments (Dentsply
Maillefer, Baillaigues, Switzerland) by means of a low-
torque control motor (ATR technika torque control, ATR,
Pistoia, Italy) in order to be able to insert the thermocouple
probe (Ø = 400 µ) into the root canal.

The teeth were putted in silicon-based false gum, in
which a periodontal pocket was created and filled with
photosensitizer phenothiazine chloride (phenothiazine-5-
ium, 3.7-bis (dimethylamino)-, chloride) (HELBO blue
photosensitizer, HELBO photodynamic systems GmbH &
Co. KG, Walldorf, Germany)

Pocket creation

Wax was applied on the root surfaces from the cement–
enamel junction (CEJ) of every tooth at a distance of
1.5 mm from the apex.

Each waxed tooth was pushed into a silicon paste. After
the polymerization of the silicon, the tooth was rinsed with
hot water with the aim to remove the wax and to create the
pocket between the tooth surface and the silicon paste.

Protocol for photo-activated disinfection

For the PAD, we used a phenothiazine chloride solution
(phenothiazine-5-ium, 3.7-bis (dimethylamino)-, chloride:

1 ml contains: 10 mg phenothiazine-5-ium, 3.7- bis
(dimethylamino)-, chloride buffered to pH = 3.5 with
citrate buffer system, isotonized and viscosity-optimized.
with 1% HPMC) (HELBO blue photosensitizer, HELBO
photodynamic systems GmbH & Co. KG, Walldorf,
Germany).

Laser device A 660-nm diode laser with a power output of
20 mW (TheraLite laser; HELBO photodynamic systems
GmbH & Co. KG, Walldorf, Germany) was used. This is a
class 2M laser device (output power 20 mW; continuous
wave; optical fiber). The laser tip fiber is 7 mm in length
and 1 mm in diameter (HELBO 3D pocket probe, HELBO
photodynamic systems GmbH & Co. KG, Walldorf,
Germany). The fiber was inserted into the artificial pocket
parallel and close to the external root surface. Then, the
laser fiber was kept stationary by a mechanical holder
during temperature measurement. The laser fiber emitted
irradiation only from lateral sides (Schema 1). Dye solution
was irradiated following the manufacturer's recommenda-
tions for 60 s at 20-mWoutput power in a continuous wave.
Energy density delivered to the photosensitizer was 5.46 J/
cm2. The power density was: 0.090 W/cm2.

Temperature measurement

Thermo-conductor paste A thermo-conductor paste (war-
meleitpaste WPN 10, Austerlitz Electronic, Nürnberg,
Germany) was injected by Lentulo into the root canals to
ensure good thermal contact between the root walls and the
thermocouple. The thermal conductivity of the paste is
1.674 J/ s−1 m−1 K−1. This is comparable to the thermal

photo sensitizer

Laser Fiber

Thermo- conductor
paste

Schema 1 Illustration of the protocol for photo-activated disinfection
and pulp temperature increase measurement
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conductivity of soft tissues (0.837–2.093 J/ s−1 m−1 K −1

depending on hydration).

Thermocouple A type K thermocouple was used (Cr-Al)
with a Picolog TC08 temperature-recording device (Pico
Technology). The accuracy is 0.01°C. One thermocouple
was placed in the root canal at 1 mm from the apical part of
the root (Schema 1). A second thermocouple was placed at
room temperature to compare temperature changes at the
root surface with changes in room temperature. Laser
irradiation was started when the temperature at the root
surface was approximately constant and similar to the room
temperature. Temperatures were recorded every second
starting at 10 s before irradiation, during irradiation, and
for 150 s after the end of irradiation. The considered
temperatures (Δt) were calculated as the difference between
recorded temperatures at root surface (TRS) and recorded
room temperatures (TRT): Δt = TRS - TRT.

The mean of the recorded temperatures (Δt) and
standard deviation were calculated. Normality tests were
done using the Kolmogorov and Smirnov method.

Results

After 150 s of irradiation, the mean and standard deviation
of temperature increase at root canals were 0.48 ± 0.11°C
(Graph 1).

The average of the minimum of temperature increase
was 0.26 ± 0.07°C. The maximum of temperature increase
was 0.79 ± 0.04°C in average. Temperature increases in all
recordings were below the safety level of 3°C (16) for pulp
injury.

Graph 2 shows an example of six records of temperature
rise. The data passed the normality test (KS) with P-
value > 010.

Our in vitro results demonstrate that the use of the PAD
for periodontal pocket decontamination can be considered
as a harmless technique for pulp vitality.

Discussion

Numerous studies have been conducted to determine not
only the most efficient photo-sensitizer for killing specific
oral pathogens but also the most efficient combination of
photo-sensitizer and laser light. Photosensitizers have been
shown to be effective against a wide range of Gram-
positive and Gram-negative bacteria [17]. A key property of
photosensitizers is that they should absorb laser light in
order to generate a therapeutic effect. The red visible
wavelengths give the greatest penetration of tissues sur-
rounding a wound or lesion, and will also penetrate any
blood that may be present.

There is considerable interest in the use of locally
applied antimicrobial agents in periodontal treatment [18].
However, the reduced time of presence of antimicrobial
agents in topical application leads to a decrease in their
effectiveness [19].

Bacteria included in the biofilms are tens to a thousand
times less sensitive to antibiotics than those bacteria in
suspension due to the difficulty of diffusion of drugs [20]
and the possibility of phenotypic adaptation of some
bacteria could help to explain these therapeutic failures.
Currently, the importance of dispersion of biofilm is
considered to be the key for an effective therapeutic
approach. The PAD seems to be a good alternative to these
topical agents in periodontal decontamination in view of its
very significant action on Porphyromonas gingivalis (study
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Graph 1 Average of the temperature increase at root surfaces during
PAD disinfection of periodontal pocket (in vitro)
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Graph 2 An example of six measurements of the temperature
increase on root surface
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on rats) [21], and on bacteria present in the oral biofilm
model [22].

Today, the importance of the dispersal biofilm is
considered as the key to an effective therapeutic approach.

In terms of bacteria associated with periodontitis, several
photo-sensitizers have been shown to be effective when
trialed in laboratory models [17–20, 23–29].

Typical target bacterial species for these studies have
been comprised of Porphyromonas gingivalis, Actinobacil-
lus actinomycetemcomitans, and fuso bacterium nucleatum
[30, 31];

Effective killing by PAD (with reductions in viability of
(97.2%, 99.9%, and 99.4%, respectively, have been
obtained using tolonium chloride (25 µg/mL), although
methylene blue and ADP give somewhat less uniform
results across these species [32].

PAD seems to be a good alternative to these topical
agents in the periodontal decontamination in view of its
very significant action on Porphyromonas gingivalis (study
on rats) [21], and on bacteria present in the oral biofilm
model [22].

PAD is a novel form of low-power laser therapy in
which the laser energy in itself is not particularly lethal to
bacteria, but is used to achieve photochemical activation of
oxygen-releasing dyes. Singlet oxygen released from the
dyes causes membrane and DNA damage to microorgan-
isms, thereby leading to their rapid death [33].

The effectiveness of PAD is influenced by the type and
concentration of dye, the laser parameters employed, and
the local growth environment (biofilm and growth state)
[33].

It is important to mention that the side effects like
diffusion of the dye towards the apex and its consequences
were not considered in this study.

On the other hand, before starting any possible clinical
study about applications of the PAD in periodontics, it was
necessary to verify the harm risks of this PAD technique on
pulp vitality of vital teeth.

Zach and Cohen had demonstrated that to cause a pulpal
protein denaturation, the pulpal temperature increase must
be lower than 3ºC to avoid pulp damage [16]. The results of
our in vitro study showed that the increase in pulp
temperature was 0.48ºC ± 0.11. Thus, based on our
results, it can be considered that the use of the PAD in
periodontal pockets for decontamination purpose is harm-
less to pulp vitality.

On the other hand, it is important to mention that the
artificial model of pocket used in this study cannot totally
represent the periodontal pocket in vivo. This artificial
model can certainly have some limits. Future in vivo
studies should be conducted to confirm the safety of this
PAD technique in periodontal applications and to detect any

eventual side effects of this technique on dental or
periodontal tissues.

Conclusions

The use of PAD for periodontal pocket decontamination
can be considered a safe and effective technique for
maintaining pulp vitality with regards to the irradiation
conditions used in this in vitro study.
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