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Abstract The aim of this study was to histologically and
histometrically evaluate the influence of repeated adjunctive
antimicrobial photodynamic therapy (aPDT) on bone loss
(BL) in furcation areas in rats. Periodontitis was induced by
placing a ligature around the mandibular molar in 75 rats.
The animals were divided into five groups: the SS group
was treated with saline solution (SS); the SRP group re-
ceived scaling and root planing (SRP); the aPDT1 group
received SRP as well as toluidine blue (TBO) and low-level
laser therapy (LLLT; InGaAlP, 660 nm; 4.94 J/cm2/point)
postoperatively at 0 h; the aPDT2 group received SRP as
well as TBO and LLLT postoperatively at 0, 24, 28, and
72 h; and the aPDT3 group received SRP, TBO, and LLLT
postoperatively at 0, 48, 96, and 144 h. The area of BL in

the furcation region of the molar was histometrically ana-
lyzed. Data were analyzed statistically (P<0.05). Animals
treated with a single episode of aPDT showed less BL at
days 7 and 30 than those who received only SRP treatment.
No significant differences were found among the aPDT
groups (P>0.05). Repeated aPDT did not improve BL re-
duction when compared to a single episode of aPDT.
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Introduction

Bacterial products released by the periodontopathogenic
microorganisms can cause an inflammatory response by
the periodontal tissue. Inflammation and destruction of peri-
odontal tissues are largely considered to result from the
response of a susceptible host to a microbial biofilm con-
taining bacterial pathogens [1].

The aim of periodontal treatment is to reestablish the
biocompatibility of radicular surfaces with disease exposure
by removing periodontopathogenic microorganisms, thus
allowing for the subsequent attachment of periodontal tis-
sues [2]. Most commonly, this can be achieved by mechan-
ical scaling and root planing (SRP) [3]. However, such
treatment is not always successful because it is often diffi-
cult to reduce bacterial deposits and their endotoxins from
deeper areas of periodontal pockets. Alternative mecha-
nisms of antimicrobial therapy, such as local and systemic
antibiotics, have been proposed to address these limitations
[4–6]. Also, many bacterial strains have gained resistance to
antimicrobial disinfectants, which are often used in parallel
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to mechanical instrumentation. A new approach to perio-
dontitis treatment, called antimicrobial photodynamic ther-
apy (aPDT), involves the use of low-intensity light and a
nontoxic photosensitizer agent [7] to reduce periodontal
pathogens. The major advantages of aPDT include its being
a specific therapy-targeting cell, having no collateral effects,
and which use will not lead to the selection of resistant
bacterial species [8, 9]. During aPDT, reactive oxygen is
produced to kill target cells when the photosensitizer is
excited by light in the presence of oxygen [8, 9].

Past animals studies have found that aPDT successfully
controlled the progression of experimental periodontitis using
a single application of aPDT [10–14]. Recently, clinical studies
in humans have found a reduction in the total number of viable
bacteria in periodontal pockets after application of aPDT
[15–17]. Other studies have failed to show any additional
clinical benefits when aPDT was used in addition to SRP [15,
16]. These clinical studies [15, 16, 18–20] evaluated the effects
of using a single application of aPDT on periodontitis. How-
ever, Lulic et al. [21] demonstrated that repeated applications
(e.g., five times in 2 weeks) of aPDT along with debridement
improved clinical results in the residual pockets of patients
under periodontal maintenance, with the best effects observed
after 6 months. Furthermore, some studies have demonstrated
that low-level laser therapy (LLLT) can stimulate fibroblast
proliferation with the correct combination of exposition and
density parameters [22–24]. With high densities of energy,
however, no effects [25, 26] or even a reduction in cellular
proliferation has been reported [24, 27]. Nevertheless, Karu
[28] suggested that there was a “window of specificity” with a
given wavelength and energy density in which the positive
effects of LLLT can be achieved. In order to obtain an appro-
priate biological response, it is necessary to deliver a sufficient
number of irradiations at an optimal dose at the correct wave-
length. These conflicting results regarding the effects of aPDT
on clinical parameters may reflect the lack of a treatment
protocol that specifies the number of aPDTapplications as well
as wavelengths, laser application parameters, drug permanence
times, and photosensitizer drug concentrations [5].

Because of the need for a standard protocol regarding the
clinical use of aPDT, the aim of the present study was to
histologically and histometrically evaluate the influence of
repeated episodes of aPDT when treatment is used in addition
to conventional scaling and root planing. This study examined
the use of aPDTon experimentally induced periodontitis in rats.

Material and methods

Animals

This study was conducted on 75 adult male Wistar rats (250
to 300 g) aged 3 months. The animals were kept in plastic

cages with access to food and water ad libitum. Prior to the
surgical procedures, all animals were allowed to acclimatize
to the laboratory environment for a period of 5 days. All
protocols were approved by the Institutional Animal Care
and Use Committee of Araçatuba Dental School, São Paulo
State University, Araçatuba, SP, Brazil (no. 2008/008466).

Experimental design

Experimental periodontitis protocol

General anesthesia was induced by administering ketamine
(0.4 ml/kg) and xylazine (0.2 ml/kg) via intramuscular injec-
tion. One mandibular left first molar in each animal was select-
ed to receive a cotton ligature in the submarginal position to
induce experimental periodontitis [14]. After 7 days of exper-
imental periodontitis induction, the mandibular ligature was
removed from the left first molar of all animals. A computer-
generated table was used to randomly divide the 75 rats into
five groups. For better standardization, animal 1 was the first
choice, followed by animals 2 and 3. The five groups of 15
animals each were defined as follows: (1) saline solution
(SS)—the mandibular left molars were submitted to irrigation
with 1 ml of saline solution; (2) SRP (scaling and root plan-
ing)–the mandibular left molars were submitted to SRP fol-
lowed by irrigation with 1 ml of saline solution; (3) aPDT1—
the mandibular left molars were submitted to SRP and irriga-
tion with 1 ml of phenotiazinium dye (TBO, 100 μg/ml)
(Sigma Chemical Co., St. Louis, MO, USA) and, after 1 min,
followed by irradiation with LLLT at 0 h (after the ligature
removed); (4) aPDT2—the mandibular left molars were sub-
mitted to SRP and irrigation with 1 ml of TBO solution
(100 μg/ml) and after 1 min, followed by the application of
LLLT at 0, 24, 48, and 72 h postoperatively; and (5) aPDT3—
the mandibular left molars were submitted to SRP and irriga-
tion with 1 ml of TBO solution (100 μg/ml) and, after 1 min,
followed by LLLT at 0, 48, 96, and 144 h postoperatively.

SRP treatment

The left molars of animals in the SRP, aPDT1, aPDT2, and
aPDT3 groupswere subjected to SRPwithmanual #1–2micro
mini five Gracey curettes (Hu-Friedy Co. Inc., Chicago, IL,
USA) through ten distal–mesial traction movements in both
buccal and lingual aspects at 0 h. The furcation and interprox-
imal areas were scaled with the same curettes through cervi-
cal–occlusal traction movements. The entire SRP procedure
was performed by the same experienced operator (ECGJ).

aPDT treatment

This study used an Indium–Gallium–Aluminum–Phospho-
rus (InGaAlP) (TheraLase®, DMC Equipments Ltd., São
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Carlos, São Paulo, Brazil) low-intensity laser with a wave-
length of 660 nm and a spot size of 0.0283 cm2. After 1 min
of TBO application, LLLT was applied to three equidis-
tant points at each buccal and lingual aspect of the man-
dibular first molar in contact with the tissue. The
therapeutic laser was released with a power level of
0.035 W for 4 s/point, an energy density of 4.94 J/cm2/
point (29.64 J/cm2), and an energy of 0.14 J/point. In
total, the area received 0.84 J of energy (6 points). Saline
solution and TBO were slowly poured into the periodontal
pocket using a syringe (1 ml) and an insulin needle
(13 mm×0.45 mm; Becton Dickinson Ind. Ltd., Curitiba,
PR, Brazil) without a bevel.

Experimental periods

Five animals from each group were sacrificed at 7, 15, and
30 days after the periodontitis treatment by the administra-
tion of a lethal dose of thiopental (150 mg/kg) (Cristália,
Ltd., Itapira, SP, Brazil). Their jaws were removed and fixed
in 10 % neutral formalin for 48 h.

Laboratory procedures

Following 48 h of fixation in 10 % neutral formalin, the
specimens were demineralized in a solution of 18 % ethyl-
enediamine tetraacetic acid (EDTA) for 8 weeks. Paraffin
serial sections (4 μm) were obtained in the mesial–distal
direction and dyed with hematoxylin and eosin (HE). The
sections dyed with HE were analyzed under light microscopy
(AxioStar Plus, Carl Zeiss MicroImaging GmbH, 37030 Got-
tingen, Germany) at 40× magnification to establish the bone
loss (BL) level and to characterize the periodontal ligamenta-
tion of the furcation region of each first molar [13, 14].

HE staining was used to assess interradicular bone levels
at 12.5× magnification. After excluding the first and last
sections where the furcation region was evident, five equi-
distant sections of each specimen block were selected and
imaged by a digital camera coupled to a light microscope
[13]. The area of BL in the furcation region was determined
histometrically using an image analysis system (ImageLab
2000 Software, Diracon Bio Informática Ltd., Vargem
Grande do Sul, SP, Brazil). A blinded trained examiner
(LAF) selected the sections for histological and histometric
analyses. Another blinded calibrated examiner (ML) con-
ducted the data analysis. The values for each specimen were
measured three times by the same examiner on different
days to reduce variations in the data [13]. The mean values
were averaged and statistically compared.

Intraexaminer reproducibility

Before the histometric analyses were performed, the examiner
underwent training and completed doublemeasurements of 20

specimens, with a 1-week interval between each measure-
ment. Paired t tests were completed, and no differences were
observed in the mean values for comparison (P>0.05). Addi-
tionally, Pearson’s correlation coefficient revealed a very high
correlation (0.99, p00.000) between the two measurements
for both of the histometric analyses.

Statistical analysis

The hypothesis that there were no differences in BL rates in
the furcation region between groups was tested using Bioe-
stat 3.0 software (Bioestat, Windows 1995, Sonopress Bra-
zilian Industry, Manaus, AM, Brazil). After normality
testing, the histometric data were analyzed using the Sha-
piro–Wilk test, and the intragroup and intergroup analyses
were performed with a two-way analysis of variance
(ANOVA; P<0.05). When ANOVA detected a statistical
difference, multiple comparisons were performed with
Tukey’s test (P<0.05).

Results

Histological assessment

Saline solution (SS)

At day 7 post periodontitis treatment, the animals in the SS
group presented a degenerative process that was demonstrat-
ed by connective tissue with a high number of polymorpho-
nuclear neutrophils and a small quantity of poorly organized
bone trabeculae. At days 15 and 30 postperiodontitis treat-
ment (Fig. 1), the connective tissue displayed a small num-
ber of fibroblasts and bone tissue, with thin bone trabeculae
in the areas of coronal furcation and resorption.

Scaling and root planing (SRP)

At days 7 and 30 post periodontitis treatment (Fig. 2), in the
SRP group, the presence of well-developed connective tissue
with a moderate number of fibroblasts and some blood vessels
as well as developed bone tissue and a periodontal ligature
with integrity were noted. At 15 days, the connective tissue
exhibited a moderate number of fibroblasts as well as discreet
vascularization and bone tissue with areas of resorption.

aPDT (aPDT1, aPDT2, and aPDT3)

Histological findings from the aPDT1, aPDT2, and aPDT3
groups were similar across all experimental periods. It was
possible to observe a small area of well-developed connec-
tive tissue with a moderate number of fibroblasts and dis-
creet vascularization. Cementum and dentin areas showed
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integrity in almost all specimens in the aPDT2 and aPDT3
groups. Bone tissue was characterized by thick and well-
differentiated bone trabeculae in all interradicular extensions
at 30 days (Figs. 3, 4 and 5).

Histometric assessment

Histometric data are shown in Table 1. Animals in the SS group
showed greater BL; a statistically significant difference (P<
0.05) was evident when the SS group was compared to the
aPDT1, aPDT2, and aPDT3 groups at days 7, 15, and 30
postperiodontitis treatment (P<0.05). The histometric results
also demonstrated that there was less BL in the aPDT2 and
aPDT3 groups than in the SRP group across all experimental
periods; these differences were statistically significant (P<
0.05). There was less BL in the aPDT1 group than in the
SRP group at days 7 and 30 (P<0.05).

Discussion

The aim of this study was to examine the effects of repeated
episodes of aPDT as an adjunctive treatment of induced

periodontitis in rats. In the present study, the induced perio-
dontitis was characterized by clinical signs of gingival in-
flammation including edema, redness, and attachment loss
of gingival tissues.

Photodynamic therapy (PDT) involves the association of
a photosensitizing agent with a light source. Studies have
shown favorable results using PDT principles against micro-
organisms involved in periodontitis [6, 10, 29, 30] and
periimplantitis [31], and this therapy has been recognized
as aPDT [32].

The present study found that animals that received no
other treatment except for irrigation with a saline solution
(SS) showed greater BL at the furcation region and the
presence of poorly organized trabeculae when compared to
animals that received SRP treatment. This was true at 7, 15,
and 30 days posttreatment, whether or not the SRP treatment
was associated with aPDT.

The inflammatory process due to plaque-induced perio-
dontitis causes the formation of inflammatory infiltrate. This
infiltrate is initially composed of lymphocytes and macro-
phages, which both synthesize inflammatory cytokines [33].
Bacterial plaque removal through SRP treatment probably
reduced these etiologic factors, providing biocompatibility

Fig. 1 a Photomicrograph
illustrating the areas of bone
loss in the furcation region of
the mandibular left first molar
with induced periodontitis in
the SS group at 30 days—apical
third to the furcation region. b
Note the connective tissue
displayed a small number of
fibroblasts and bone tissue, with
thin bone trabeculae in the areas
of coronal furcation and
resorption (HE; original
magnification: a, ×12.5; b, ×40)

Fig. 2 a Photomicrograph illustrating the areas of bone loss in the
furcation region of the mandibular left first molar with induced perio-
dontitis in the SRP group at 30 days—middle third to the furcation
region. b Note the presence of well-developed connective tissue with a

moderate number of fibroblasts and some blood vessels as well as
developed bone tissue and a periodontal ligature with integrity (HE,
original magnification: a, ×12.5; b, ×40)
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to the root surface and enabling new periodontal attach-
ments [34]. This improvement was present whether or not
SRP was associated with aPDT. However, animals treated
with SRP alone clearly displayed more BL than those in the
aPDT2 and aPDT3 groups. In addition, there was less BL in
the aPDT1 group than in the SRP group at 7 and 30 days
posttreatment (P<0.05). These results confirm the findings
of other experimental studies of induced periodontitis in rats
that evaluated a single episode of aPDT either alone or in
association with SRP [11–14].

In the present study, aPDT associated with SRP may
have aided in the removal of polysaccharides present in
the extracellular matrices of oral biofilm. These poly-
saccharides are highly sensitive to the singlet oxygen
produced by aPDT. As such, treatment could interrupt
bacterial colonization [35].

The beneficial effect of aPDT as a complement to the
conventional mechanical treatment of periodontitis in rats
was likely a result of its photodestructive effects on various
periodontal pathogenic species. These effects could be me-
diated by a type I reaction (i.e., initiated by superoxide,
anionic hydroxyl, or free radicals) or by a type II reaction
(i.e., initiated by a singlet oxygen) [32]. These reactive

oxygen species are responsible for irreversible damage
to bacterial cytoplasmic membranes including protein
modification, respiratory chain changes, and nucleic acid
alterations [32].

At the onset of periodontitis, venous stagnation as well as
a reduction in the oxygen consumption of the tissue occur,
which can enhance the growth of anaerobic species [36].
Treatment with aPDT can improve blood flow into the
microcirculatory system to reduce venous congestion and
increase the oxygenation of gingival tissues. This oxygena-
tion could accelerate the release and use of oxygen, prevent-
ing the growth of these microorganisms [36].

aPDT can also have a biostimulating effect on the repair
process, accelerating healing by anticipating the change
from exudative to proliferative phases, especially in the
initial periods, and by increasing collagen deposition [37].
These effects can be attributed to the action of LLLT, which
has the advantage of promoting biomodulation in the tissue
to be repaired and, therefore, reducing inflammation. LLLT
increases mitochondrial respiratory chain and adenosine
triphosphate (ATP) synthesis, favors the repair process,
induces cell proliferation, promotes the production of
nucleic acid, and increases both cell division and collagen

Fig. 3 a Photomicrograph
illustrating the areas of bone
loss in the furcation region of
the mandibular left first molar
with induced periodontitis in
the aPDT1 group at 30 days—
middle third to the furcation
region. b Note a small area of
well-developed connective tis-
sue with a moderate number of
fibroblasts and discreet vascu-
larization (HE, original magni-
fication: a, ×12.5; b, ×40)

Fig. 4 a Photomicrograph illustrating the areas of bone loss in the
furcation region of the mandibular left first molar with induced perio-
dontitis in the aPDT2 group at 30 days—middle third to the furcation
region. b Note a small area of well-developed connective tissue with a

moderate number of fibroblasts and discreet vascularization, and ce-
mentum and dentin areas showing integrity in almost all specimens
(HE; original magnification: a, ×12.5; b, ×40)
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synthesis [38]. Some of the effects of laser therapy may be
related to an increase in the microcirculation of the irradiat-
ed area [39].

In the present study, a comparison of different aPDT
treatment protocols revealed that repeated applications of
aPDT did not influence the reduction in alveolar BL.

aPDT involves three components: photosensitizer, light,
and oxygen [40]. The photosensitizer must reach a high
quantic performance of the singlet oxygen and a high life-
time of the triplet state; triplet oxygen production is more
effective under these conditions [41]. Photosensitizer acti-
vation is dependent on total light doses as well as their
penetration depths, dose concentrations, and the location
of the target area [42].

To obtain an adequate biological response from tissues
irradiated with a low-level laser, it is necessary to utilize the
optimal dose of radiation, correct wavelength, and sufficient
number of irradiations. The following parameters must be
observed: choice of wavelength, energy density, irradiance,
operation regimen of the laser, and number of irradiations.

Some clinical studies using a single application of aPDT
after SRP treatment did not show significant reductions in
clinical inflammatory signs in patients with chronic perio-
dontitis when compared to SRP alone [15, 16, 20]. Howev-
er, contradictory results were found in another study [21], a
randomized controlled clinical trial with ten patients at a 6-
month follow-up. The authors evaluated the effects of five
episodes of aPDT after initial treatment with SRP (0 h and 1,
2, 7, and 14 days) on residual periodontal pockets with a
depth ≥5 mm. They found that those sites treated with aPDT
(670 nm, 75 mW/cm2) showed greater reduction in bleeding
on probing and probing depths as well as greater clinical
attachment level gains.

One relevant characteristic of aPDT action is the optical
property of the target tissue. The distribution of LLLT has
been shown to be different between normal and pathologic

tissues [43]. Cells in a reduced state respond better to laser
irradiation [44, 45]. Irradiation with red and infrared light
accelerates cellular metabolic processes and can activate
proliferation. Irradiation likely causes cell metabolism sta-
bilization, which is triggered by light. This is why low doses
and short irradiation times are used to provide biostimula-
tion [38]. In the present study, the repeated application of
aPDT did not demonstrate significantly decreased BL levels
than a single episode of aPDT. These results could justify
the administration of a single dose of light for sufficient
biostimulation.

Traditional periodontal treatment has some limitations
including the decreased effectiveness of mechanical

Fig. 5 a Photomicrograph illustrating the areas of bone loss in the
furcation region of the mandibular left first molar with induced peri-
odontal disease in the aPDT3 group at 30 days—middle third to the
furcation region. b Note cementum and dentin areas showed integrity

in almost all specimens, and bone tissue was characterized by thick and
well-differentiated bone trabeculae in all interradicular extensions (HE;
original magnification: a, ×12.5; b, ×40)

Table 1 Means and standard deviations (M ± SD) of the histometric
data for the bone loss area (mm2) in the furcation region of the
mandibular left first molar, by group and period

Groups Periods

7 days 15 days 30 days

SS 2.03±0.27ab 2.18±0.40abc 1.58±0.25ac

SRP 1.36±0.24a 1.34±0.15d 1.34±0.28a

aPDT1 0.82±0.10 1.02±0.13 0.72±0.27

aPDT2 0.60±0.12 0.62±0.10 0.58±0.11

aPDT3 0.92±0.10 0.82±0.08 0.82±0.23

N 25 25 25

SS Saline solution, SRP scaling and root planing, aPDT antimicrobial
photodynamic therapy
a Significant difference with the aPDT groups (aPDT1, aPDT2, and
aPDT3) in the same period (P<0.05; ANOVA and Tukey’s tests)
b Significant difference with the SRP group in the same period (P<
0.05; ANOVA and Tukey’s tests)
c Significant difference between periods in the same group (P<0.05;
ANOVA and Tukey’s tests)
d Significant difference with the aPDT2 and aPDT3 groups in the same
period (P<0.05; ANOVA and Tukey’s tests)
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instrumentation in areas like furcation regions that are diffi-
cult to access. aPDT is not affected by this limitation be-
cause it is based on a photosensitizer agent associated with
light emission like laser irradiation. In addition, aPDT
presents no side effects, its activity is initiated only with
exposure to a light source, and it prevents the selection of
resistant bacteria species [46].

Conclusion

In this study, aPDT used in addition to SRP was more
effective in the reduction of BL in experimentally induced
periodontitis in rats than nonsurgical conventional treat-
ment. However, repeated episodes of aPDT did not improve
BL reduction in the furcation region in rats any more than
did a single episode of aPDT.
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