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Abstract

Background: The study aimed to evaluate the effect of antimicrobial photodynamic therapy
(aPDT) as adjunctive therapy to scaling and root planing in experimental periodontitis in rats,
with or without systemic involvement, by means of histometric analysis of the furcation region.
Methods: Systematic search was done using PubMed/MEDLINE, SCOPUS, EMBASE and
ProQuest databases. Quantitative analysis of alveolar bone loss, with subcategories for the
experimental periods studied, was performed. The analysis was performed through the mean
difference (MD), with 95% confidence intervals (CIs) and according to SYRCLE guidelines.
Results: Nine studies were considered eligible. A statistically favorable difference was observed
for the use of aPDT in all periods studied in systemically healthy animals at 7 (P <.00001; MD:
—0.71; 95% CI: [-0.85, —0.58]; 12: 90%), 15 (P <.00001; MD: —0.49; 95% CI: [-0.62, —0.37];
[2: 88%), and 30 (P < .00001; MD: —0.53; 95% CI: [-0.65, —0.41]; I12: 80%) days
postoperatively. The difference was also observed for modified animals at 7 (P < .00001; MD:
—1.03; 95% CI: [-1.43, —0.62]; 12: 97%), 15 (P <.00001; MD: —1.04; 95% CI: [-1.62, —0.46];
12: 99%), and 30 (P < .00001; MD: —0.88; 95% CI: [-1.37, —0.39]; 12: 97%) days
postoperatively.

Conclusion: The adjunctive use of aPDT favored the reduction of alveolar bone loss in
experimental periodontitis in rats, and this result was more evident in systemically compromised

rats.

Keywords: periodontal disease, photochemotherapy, alveolar bone loss, systematic review
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1. Introduction

Periodontal disease is the most prevalent disease associated with bone loss in adults [1].
The treatment of periodontal disease involves mechanical removal of the buccal biofilm or
maintenance of therapeutic concentrations of antimicrobials in the buccal cavity; however, both
procedures present limitations [2, 3] and require adjuvant methods to complement the
mechanical treatment of scaling and root planing (SRP) [4, 5]. Systemic administration of
antibiotics has often been used and appears to promote clinical benefits [6-8]. Nevertheless,
microorganisms can rapidly develop resistance against a variety of microbial agents [9], and an
effective alternative antimicrobial therapy against Gram-negative bacterial, mycobacterial,
fungal, viral, and protozoal pathogens [9] such as antimicrobial photodynamic therapy (aPDT)
is required [10, 11].

aPDT may be advantageous as an adjunctive therapy to the conventional treatment of
periodontitis [4, 8, 12-19], because of its microbial selectivity, preventing damage to the host
tissue around the infected area [10]. In addition to the antimicrobial effects, the use of low-
powered lasers seems to have a positive influence on the response of periodontal tissue [10, 11].
The basic principle of aPDT involves the combination of visible or near infrared light, oxygen,
and a photosensitizer that is able to absorb and transfer energy or electrons after light absorption
to molecular oxygen to generate reactive oxygen species [9].

aPDT has been widely studied as an adjunctive therapy to conventional periodontal
treatment [4, 8, 12-24]. In vitro studies initially demonstrated benefits (eg, reducing some
periodontopathogens) [25-28]. Furthermore, some in vivo studies have assessed the effect of
aPDT on alveolar bone loss reduction and clastogenic activity, as well as reduction of
inflammation in animals [20-24, 29-36]. However, clinical studies in humans have
demonstrated variable results [37-41]. Such controversies may be related to the irradiation
parameters of the light source, pre-irradiation time, type, and concentration, frequency, and
mode of application of the photosensitizer.

Some meta-analyses and systematic reviews have evaluated the adjuvant use of aPDT in
the periodontal treatment of patients with chronic periodontitis [37, 38, 41], and aggressive
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periodontitis [39], as well as patients with systemic impairment (diabetes) and in the treatment
of residual pockets [40]. However, it has not been evaluated the effect of aPDT on the
bone tissue of areas with periodontitis in systematic reviews/meta-analysis or clinical
studies. Furthermore, the results of experimental animal studies have not been evaluated and
discussed in order to compare the parameters of aPDT regarding its real effectiveness in the
control of alveolar bone loss. Therefore, the purpose of the present study was to assess the
effects of aPDT as an adjunctive therapy to SRP (compared to SRP alone) on alveolar bone loss

in experimental periodontitis in rats through a systematic review and meta-analysis.

2. Material and Methods

The review methodology was specified in advance and documented according to the

SYRCLE systematic review protocol for animal intervention studies [42].
2.1 Eligibility criteria

The studies selected for this analysis followed the criteria established by the PICO
strategy. The PICO question elaborated was “What are the effects of aPDT as an adjunctive
therapy to SRP compared to SRP alone on alveolar bone loss in experimental periodontitis in
rats?” Criteria considered were (1) population (a model of experimental periodontitis in rats);
(2) intervention (rats treated with aPDT as an adjunct to SRP); (3) comparison (rats that
received SRP alone followed by irrigation with saline solution); and (4) outcomes (alveolar
bone loss in furcation region).

The following eligibility criteria were used: (1) animal studies; (2) studies with a model
of experimental periodontitis in Wistar rats induced by a cotton ligature placed in a submarginal
position for 7 days; (3) studies that compared conservative SRP to the use of aPDT as an
adjunctive therapy to SRP in experimental periodontitis in rats; (4) the presence of a control
group (rats receiving SRP without adjunctive aPDT); and (5) studies that assessed the alveolar

bone loss in the furcation region by histometric analyses. Exclusion criteria adopted were
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review papers, clinical trials, case reports, letters to the editor, commentaries, interviews,
updates, in vitro studies, and studies that assessed the use of aPDT as monotherapy.
2.2 Search and information sources

PubMed/MEDLINE, SCOPUS, and EMBASE databases were searched by two authors
(M.A.AN. and D.M.J.M.) independently, according to the inclusion criteria and without any
language or publication status restriction. Dissertations and theses were searched using the
ProQuest Dissertations and Theses database. A manual complementary search was also
conducted in the following journals: Journal of Periodontology, Journal of Clinical
Periodontology, Lasers in Medical Science, Lasers in Surgery and Medicine, and Journal of
Photochemistry and Photobiology B: Biology. The search strategies developed for each database
are presented in a supplementary file (Supplementary File 1). The search was performed from
November 2017 to May 2018. All searches were updated on October 9, 2018.

Screening was performed in two phases. The articles were initially prescreened based
on title, followed by analysis of the abstract. Articles considered eligible were subsequently
analyzed within inclusion and exclusion criteria through full-text screening. Two blind
reviewers (M.A.A.N. and D.M.J.M) independently assessed each article, and discrepancies were
resolved by a third reviewer (L.H.T). Search results from each database were combined and
duplicates removed.

2.3 Study characteristics and data extraction

The full-text review and data collection were independently performed by two
reviewers. After reading the articles, data were collected by one author (M.A.A.N.), and a
second author (M.B.O) was responsible for checking all tabulated data. Any discrepancies were
solved by mutual discussion, and if unsolved, a third reviewer (L.H.T) was consulted. The
information from the accepted studies was tabulated according to the animal species, gender,
quantity, and age of animals, as well as by weight, systemic condition, experimental
periodontitis, control groups, type of laser used for aPDT, photosensitizer and pre-irradiation
time, laser parameters, irradiation method, experimental periods (time points), processing for

microscopic analyses, mean of bone loss in millimeters squared, and standard deviation.
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2.4 Data items and risk of bias
Risk of bias in the included studies was assessed using SYRCLE’s risk of bias tool for
animal studies. [43]. The assessment of risk of bias was conducted independently by two
reviewers (M.A.A.N and D.M.J.M), and in cases of doubt a third reviewer (L.H.T) participated
in order to solve discrepancies.
2.5 Collection of outcome data and data synthesis
Details of the experiment (animal species, gender, number of animals and age, weight,
systemic condition, experimental periodontitis induction, experimental groups analyzed, and
experimental periods) as well as descriptive parameters used in aPDT therapy (laser types,
wavelengths, spot size, power, energy density, total energy, type and concentration of
photosensitizer, pre-irradiation time, irradiation time, and laser irradiation method) were
extracted for descriptive analysis by two reviewers (M.A.A.N and E.E.). The outcome data of
alveolar bone loss was extracted from tables and the corresponding authors were contacted for
missing data in the paper. All the included studies assessed alveolar bone loss in the furcation
region of molars by histometric analysis. The data were presented by mean bone loss in
millimeters squared and standard deviation.
2.6 Meta-analysis
In order to estimate the effect of the treatment with aPDT as an adjunctive therapy to
SRP, a quantitative analysis was performed from histometric data of mean and standard
deviation of alveolar bone loss in millimeters squared in the furcation region of molars. Effect
estimates are reported as mean difference (MD) with the corresponding 95% confidence
intervals (CIs). Due to the presence of studies with experimental groups with systemically
modified animals, the analyses were conducted separately in two groups: (1) systemically
healthy animals and (2) systemically modified animals. Within each of these groups, subgroups
were created to analyze the effects of aPDT in each experimental period (7, 15, and 30 days
postoperative). Studies that presented more than 1 experimental group of aPDT, with variations
in the concentration of the photosensitizer or time and number of laser applications, had more

than 1 analysis per article.



Heterogeneity between the studies was evaluated with an I[?> test and data were
considered heterogeneous for an I? value higher than 40%. The random-effects model was
chosen. The analysis was performed using Review Manager (version 5.3.; The Cochrane

Collaboration, 2014, Oxford, UK).

3. Results
3.1 Study selection and characteristics

A flow chart of the study selection is represented in Figure 1. The electronic search
strategy retrieved a total of 778 records, of which 170 were excluded as duplicate records and
608 were excluded after a detailed screening of titles and abstracts. Nineteen full-text studies
were assessed for eligibility. Of these 19 remaining articles, 10 papers were excluded because
they met one or more exclusion criterion (Supplemental File 2) and 9 were included in this
systematic review and meta-analysis. The meta-analysis was conducted independently among
studies with rats that were systemically healthy [20, 21, 29-33, 36] and rats that were
systemically modified [29-33, 35, 36].

The overview of characteristics processed and groups included in each article are
presented in Table 1. All studies used adult Wistar rats, with a male gender predilection and
weight range of 200 g to 300 g. Only three studies [32, 33, 36] were conducted in female adult
rats.

Two studies [20, 21] had no groups of systemically modified animals. Considering the
methods to induce systemic conditions, studies administered intravenous injection of alloxan
(42 mg/kg body weight concentration) for inducing diabetes [29], subcutaneous injection of
dexamethasone (2 mg/kg) for immunosuppression induction [30], subcutaneous injection of
nicotine hemisulphate preparation (3 mg/kg) [31], surgical procedure for ovariectomy [32],
subcutaneous insertion of osmotic minipumps containing nicotine [33], intraperitoneal
injections of 5-fluorouracil (50 mg/mL) [35] and surgical procedure for ovariectomy followed

by the subcutaneous insertion of osmotic mini-pumps containing nicotine [36].



All experimental treatments were performed with a wavelength of 660 nm from two
types of low-powered lasers (GaAlAs and InGaAlP). The photosensitizer toluidine blue O
(TBO) at a concentration of 100 pg/mL was the most used, and all the studies employed a pre-
irradiation time of 60 seconds. The other characteristics regarding the parameters of the lasers
used and the protocols for aPDT are described in Table 2.

3.2 Analysis of bias

Figure 2 and Figure 3 present the classification of bias of the studies included in this
systematic review. Information about caregivers and/or investigators blinded from the
knowledge of which intervention each animal received during the experiments was unclear in
all studies. Two studies did not describe a random component in the sequence generation
process [29, 33] and one study did not describe the allocation method to the different treatments

groups adequately [29].

3.3 Systemically healthy animals
Statistically favorable differences were found in the use of aPDT in association with
SRP for alveolar bone loss reduction for all experimental periods assessed; that is, at 7 (P <
.00001; MD: —0.71; 95% CI: [-0.85, —0.58]; I>: 90%; Figure 4a), at 15 (P <.00001; MD: —0.49;
95% CI: [-0.62, —0.37]; 1>: 88%; Figure 4b), and at 30 (P < .00001; MD: —0.53; 95% CI:
[-0.65, —0.41]; I2: 80%; Figure 4c) days postoperatively.
3.4 Systemically modified animals
The evaluation of the effect of aPDT as an adjunctive therapy in the treatment of
experimental periodontitis in systemically modified rats showed statistically favorable
differences in the use of aPDT to reduce alveolar bone loss in all experimental periods assessed;
that is, at 7 (P < .00001; MD: —1.03; 95% CI: [-1.43, —0.62]; 12: 97%,; Figure 5a), at 15 (P <
.00001; MD: —1.04; 95% CI: [-1.62, —0.46; I?: 99%,; Figure 5b), and at 30 (P < .00001; MD:

—0.88; 95% CI: [-1.37, —0.39]; I>: 97%; Figure 5¢) days postoperatively.

4. Discussion
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This systematic review and meta-analysis selected studies that assessed the effects of
aPDT as an adjunctive therapy to SRP compared to SRP alone on alveolar bone loss in
experimental periodontitis in rats. The results of the meta-analysis showed that the application
of aPDT in association with SRP treatment was favorable to reducing alveolar bone loss in the
furcation region in all postoperative periods evaluated for systemically healthy animals [20; 21,
29-33, 36] and systemically modified animals [29-33, 35, 36].

Conventional periodontal treatment results in the repair of inflamed periodontal tissue
and the control of alveolar bone loss; however, due to anatomical and instrumentational
physical limitations, SRP treatment can fail to remove all subgingival plaque and calculus [44].
Histometric analysis in animal models may contribute to more detailed measurement of the
effect of adjunctive periodontal treatments to SRP on bone loss, especially in the furcation
region, because minor differences are not clinically detected by depth probing parameters in
clinical studies [37].

Different animal models are appropriate for examining the components involved in the
interactions between host bacteria and periodontal diseases [45]. Alveolar bone loss in the
ligature model is, like human periodontitis, dependent on bacteria [46]. Ligand-induced
experimental periodontitis is associated with a host response that involves the accumulation of
an inflammatory infiltrate in the gingiva prior to bone resorption [47], and that is sensitive to
systemic effects [48, 49]. However, besides the similarities between humans and animals in the
formation of periodontal pockets, it is assumed that preclinical models cannot completely
reproduce human periodontal pockets/intrabony defects and the extrapolation of the results to
humans should be limited [50].

Overall, the aPDT protocols used in the studies demonstrated efficacy in reducing
alveolar bone loss in the furcation region [20, 21, 29-33, 35, 36]. The studies included in this
review used the phenothiazine photosensitizers methylene blue (MB) and TBO at
concentrations of 100pg/mL and 10 mg/mL. Furthermore, one of the studies evaluated the effect
of the concentrations of photosensitizers on bone loss [21]. The results demonstrated that a
concentration of 100 pg/mL of MB or TBO is the most beneficial in controlling bone loss. The

9
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higher reduction of bone loss at smaller concentrations of the photosensitizers can be explained
by the aggregational behavior of photosensitizers. Aggregation is a common phenomenon
associated with planar molecules, which usually increase with concentration. Molecules within
the body of the aggregate are consequently not reached by incident light and photosensitization
is only possible at the surface [51].

The pre-irradiation time of 60 seconds was a consensus among the studies. However, no
agreement was observed in the literature regarding the time required for an adequate
biodistribution in periodontal pockets. The pre-irradiation time used in clinical studies ranges
from 5 to 300 seconds [8, 12, 13, 15-17, 19, 41, 52, 53]. A short incubation period of the
photosensitizer prior to illumination favors its binding with microorganism and minimizes
penetration into the host tissue, which is observed only after several hours. This provides a
distinct and selective therapeutic advantage for photoantimicrobials compared to conventional
medicaments due to the rapid uptake of the photosensitizer by target cells relative to the host,
combined with physically directed illumination [54].

Additionally, effective photoantimicrobial action is achieved with an efficient light
source that has the correct wavelength range and sufficient power output [51]. On a molecular
level, photoantimicrobial action involves the absorption of light of a specific wavelength by a
photosensitizer to enable the promotion of a paired ground state electron to the singlet excited
state [S1, 55]. Thus, the wavelength of the light that will be used should be similar to the
absorption spectrum of the photosensitizer. MB (max 660 nm in aqueous solution) and TBO
(625 nm) exhibit intense light absorption in the red region of the spectrum [56]. All studies
included in this review used low-powered lasers with a wavelength of 660 nm.

In addition to the criteria mentioned above, the energy density may range according to
the laser emitter used, the output power, irradiation time, and the output diameter of the beam
[57]. The analyzed studies showed little variation of these parameters. The laser-emitting
sources used were GaAlAs (power of 0.03 W) and InGaAIP (a power of 0.035 W), with a spot
size of 0.07 cm? and 0.0283 cm?, respectively. The transgingival irradiation method did not
differ among studies either. All aPDT treatments were performed with the laser positioned

10
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perpendicular to the long axis of the tooth and in contact with the gingiva. The application
points varied from 3 to 1 points in each buccal and lingual aspect, with the application time
ranging from 133 s/point to 12 s/point. These differences in irradiation time were related to the
variation of power between lasers and the spot size.

Although no significant differences were found in the treatment protocols among
papers, studies conducted on female rats obtained the smallest differences between treatments in
most subgroup analyses [32, 33, 36]. Such differences in response to the treatments between
male and female rats suggest that the gender of the animal should be considered during the
design of experimental studies in animals.

The meta-analysis of systemically modified rats showed a greater mean difference in the
reduction of bone loss compared to that observed in systemically healthy rats in all
postoperative periods. This can be explained by the compensatory action of aPDT as an
adjunctive therapy against intrinsic alterations related to the process of periodontal repair after
induced diseases, such as delay in the healing process [58], imbalance in the remodeling
sequence of periodontal tissues [59, 60] and damage to the structural integrity of the junctional
and sulcular epithelium [61].

The effects of aPDT over the control of alveolar bone loss might be consequence of its
bactericidal activity against periodontopathogens, which was previously demonstrated both by
in vitro and in vivo studies [62]. It is also suggested that aPDT modulates inflammatory
response through reduction of expression of pro-inflammatory cytokines [63], consequently
affecting RANKL/OPG system, that leads to reduction of bone loss [21,33]. Hence, combined
with its antimicrobial effects, aPDT can also act over bone repair by accelerating the healing
process though low-intensity laser photobiomodulation [29,31].

Despite the positive results in the use of aPDT as an adjunctive therapy to nonsurgical
periodontal treatment on the reduction of alveolar bone loss, the present review and meta-
analysis have some limitations and the interpretation of results must be carried out carefully.
The inclusion and exclusion criteria adopted to guarantee a careful analysis of the primary
outcome of bone loss unfortunately restricted the analysis to studies from the same research

11



(&N =N

NN W U W ws w W
- O W 0o ~N»

A N W W W W W W WY W W W W W W W WY W W W W W W W W N Y Y Y Y N N N
W NO OO WN =20 00NOODOEWOWN-_2000NOODGOEWN-=200O00~NOPN~WN

group. Although the selected studies for the present meta-analysis used very similar treatment
protocols and identical experimental times, a high heterogeneity in the results was observed. It
is believed that this heterogeneity may be explained by the variation of animal weight and
gender. Meta-analyses of animal studies usually show greater heterogeneity due to the
exploratory nature of animal studies compared to clinical research and an unavoidable
heterogeneity between animal studies [64]. Nevertheless, the high heterogeneity in the analysis
of the subgroups of systemically modified animals can be explained by the variety of disorders

studied, which results in immune-inflammatory responses with different proportions.

5. Conclusion
The adjunctive use of aPDT, independent of phenothiazinium photosensitizer and
protocols of low-power laser used, favored the reduction of alveolar bone loss in experimental

periodontitis in rats, and this result was more evident in systemically compromised rats.
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Figure Legends
Figure 1. Flow diagram of the search strategy.
Figure 2. Risk of bias in included studies by SYRCLEs risk of bias tool for animal studies.

Figure 3. Summary of the risk of bias assessment according to the SYRCLE’s risk of

bias tool for animal studies.

Figure 4. Forest plot comparison between aPDT as an adjunctive therapy to SRP and SRP

alone on alveolar bone loss in experimental periodontitis in rats systemically healthy at 7 (a), 15

(b) and 30 (c) days.

Figure 5. Forest plot comparison between aPDT as an adjunctive therapy to SRP and SRP

alone on alveolar bone loss in experimental periodontitis in rats systemically modified at 7 (a),

15 (b) and 30 (c) days.
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aPDT SRP Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% ClI
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Garcia et al, 2013a (aPDT1) 082 01 5 136 0.24 5 81% -054[077,-0.31] r—
Garcia et al., 2013a (aPDT2) 06 012 5 136 024 5 80% -0.76[-1.00,-052] —
Garcia et al., 2013a (aPDT3) 092 01 5 136 0.24 5 81% -044[0867,-0.21] S
Garcia etal, 2013b 084 044 10 11 028 10 65% -0.26 [-0.58, 0.06] —F
Garcia et al,, 2014 (G6) 055 014 6 217 054 6 48% -162(207,-117] ¥—
Garcia et al,, 2014 (G7) 0.77 017 6 217 054 6 48% -140[185-095 ———
Garcia etal, 2014 (G8) 073 017 6 217 054 6  48% -144[189-099] ——
Garcia et al, 2014 (G9) 0393 03 6 217 054 6 43% -1.19[}1.68,-0.70]
Garcia etal, 2018 0.88 015 10 1.34 0.07 10 10.0% -0.46[-0.56,-0.36] -
Gualberto etal,, 2016 071 012 10 1.06 0.11 10 100% -0.35[-0.45,-0.25] -
Total (95% CI) 99 99 100.0% -0.71[-0.85,-.0.58] €
Heterogeneity: Tau= 0.04; Chi*= 114.55, df= 12 (P < 0.00001); F= 30% 11 -Ulrs g 0?5 1-
Test for overall effect: Z=10.43 (P < 0.00001) Eavours [éPDT] Favours ISRP]
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Garcia etal,, 2013a (aPDT3) 0.82 008 5 134 015 5 82% -052[-067,-0.37] e
Garciaetal, 2013b 06 0.09 10 0938 041 10  66% -0.38[064,-0.12] e
Garcia et al, 2014 (Gg) 0.54 0.1 6 166 028 6  63% -1.12[1.40,-0.84] ——
Garcia etal, 2014 (G7) 1.53 0.02 6 166 028 6 71% -0.07[0.29 015] S
Garciaetal, 2014 (G8) 066 011 6 166 028 6 69% -1.00[1.24,-0.76) _—
Garcia et al, 2014 (G9) 119 01 6 166 028 6 69% -047[0.71,-0.23] s
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Gualberto etal,, 2016 068 012 10 089 008 10 88% -0.31[040,-0.22) -
Total (95% Ch) 9 99 100.0% -0.49[-0.62,-0.37] L4
Heterogeneity: Tau®= 0.04; Chi¥ = 96.62, df= 12 (P < 0.00001); F=88% -1 .055 P 055 1'
Test for overall effect Z=7.87 (P < 0.00001) Favours [aPDT] Favours (SRP]
o}

aPDT SRP Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight [V, Random, 95% CI IV, Random, 95% Ci
Almeida et al. 2008 0.27 007 10 087 013 10 102% -0.70-0.79,-061] g
Fernandes et al, 2009 0.53 005 10 1 0186 10 100% -0.47[0.57,-0.37] -
Garcia et al, 2011 0.38 0.05 10 0.99 0.28 10 88% -0.61[0.79,-043] e
Garcia etal, 2013a (aPDT1) 0.72 027 5 134 028 5 59% -062[-096,-0.29] s——
Garciaetal, 2013a (aPDT2) 058 011 5 134 028 5 7.2% -0.76[1.02,-050] I
Garcia et al, 2013a (aPDT3) 0.82 0.23 5 1.34 028 5 6.2% -052[084,-0.20] —
Garcia etal, 2013b 045 026 10 063 021 10 82% -0.18[-0.38,0.03] ——
Garcia et al, 2014 (GB) 055 0.26 6 138 03 6 62% -083[1.15-0.51) m—
Garciaetal, 2014 (G7) 1.08 0.22 6 138 03 6 66% -030[-0.60,-0.00] S—
Garcia etal, 2014 (G8) 062 01 6 138 03 6 74% -0.76[1.01,-051] ——
Garciaetal,, 2014 (G9) 077 0.1 6 138 03 6 67% -061[0.90,-0.32) —_—
Garcia et al, 2018 062 0.1 10 1.07 04 10 73% -0.45[0.71,-019] ——
Gualberto et al,, 2016 065 0.06 10 0385 022 10  94% -0.20(-0.34,-0.06] -
Total (95% CI) 99 99 100.0% -0.53[-0.65,-.0.41]) &

Heterogeneity: Tau®= 0.04; Chi*= 59 98, df= 12 (P < 0.00001); F= 80%
Test for overall effect Z= 8.49 (P < 0.00001)

Il 1
T T

1 05 0 05 1
Favours [aPDT] Favours [SRP]



[dys] sinoae4 [LQde] sinoae4q

(y000°0 =d) £6°C =7 10848 ||IBA0 40} ISBL

¢ + 9 b ¢ %26 =<1 '(10000°0 > d) 8 =JP '19'POT =IUD ' L¥'0 =.Ne] K1suabiosalap

< [6€0-26'1-188°0°  %0°00L 0L 0L {12 %56) 12301

e be0'0rod€000-  %0%L 0L VO $OL 0L Z¥0 0L 2107 1818 010p08Y L

—— [810-'89°01€50- %9¥L 0L ¥Z0 80L 0L €€0 590 910z “1e 18 opagien9

- [€Z0-'€6018€0- %0GL 0L 6000 9ZL 0L ITO 880 810Z “Ie 18 E2IEY

| [010'06010¥0-  %LEL 0L 990 ¥ZL 0L  SKD 80 g0z “le e el

- [6e'1-"£9 LBy L %0GL 0L ZZ0 68F 0L €00 0 L10Z '8 18 BlIEO

- lo20-'0V11€60- %6¥L 0L SZTO &L 0L L0 450  BDOZ “[E)8 sapueway

—w [307-'70€1S5Z- %EEL 0L GS0 I8T 0L LU0 220 800Z"1218 epIauIy

1D %56 ‘WOpURY ‘Al 1D %56 ‘Wopuey ‘Al WDOM 10101 (S Ueal 1e10l S ueap anoibyns 10 Apmis
JJUdIB (] ueay AdudIRYIQ Uea [onuo) _&w—a:___wnxw

@)

[dus] sinoaey  [LOdE] SinoAe 4

(S000°0 =d) LG'E =7 10818 |[B43A0 40} IS8 L

m 9 N q %66 =21 (100000 > d) 8 =40 "19°226 =142 '19°0 = ne] AizuahiolsjaH

<G [9t'0-‘29'L-1v0°L-  %0°00L 02 0L (12 %56) 12301

s [6L0-'6801950- %6E€L 0L ¥50 LZ'L QL ZL0 290 2107 '1812 010p0ay L

- [6LO-"2¢01€€0- %SPL 0L LLVO 651 0L 610 9T 910z "2 18 ouagieny

- [oro-'v901z60- %SvL 0L QL0 Z9L 0L LD VL 8107 "le 8 BlIEY

- [800°'29°07 2Z0- %GEL 0L vv'0 ZTL 0L  9E0 S60 ae L0z e s elieg

- [GeL-"€9 L6y L- %SvL 0L 120 6L 0L 900 ZtO 110Z '8 18 Bl2IED

- o "¢zl zr- %S+l 0L LD 1L 0L ELD BSD 600Z "1e 18 sapuewiay

- [82°Z-'0Z°€166Z- %EFL 0L  ¥ED EZE 0L  Z00 #Z0 800Z"18 18 BpIBWIY

12 %66 ‘Wopuey ‘Al 1D %G6 "wopuey ‘Al WM [el01 dS  uesi el 4S  uesl anoibyns 10 Apnis
JdUBIBPYIQ UvIW ERIESES g QI onuo) [euawiadxg

q

., eauwmnd oo (LOD0O'0 > o) ¥6'p =7 49843 (161340 10} }SBL

f f } f %46 = '(L0000°0 > d) 9 =40 "29°261 =140 '67°0 =NeL ‘AaushiolalaH

< [290-‘e+'L-1€0°L- %0001 0L 0L (1D %56) 12101,

- [200-'220)Z¢0- %SEL 0L 6¥0 860 0L 8T0 950 2107 1818 010p0BYL

- [E10-"€6°0EE0-  %S¥L 0L 4Z0 &TL 0L 6L0 v60 910z "I }a opayend

- [eeo-"26005t0- %8¥L 0L ZVO &L 0L GL0 SO'L 8107 “1e18 elueg

s ez 1-"2£1105°1- %LPL DL GE0 9¢T 0L 9T0 960 ag Loz “1e 1o elueo

- [9Z°1-'0L 118y L- %bvL 0L ¥E0 Z6L 0L 800 #bO 110Z '1e 18 B121ED

- [¥6'0-'91°1150°L- %8%lL 0L GO 9L 0L L0 90 6007 "I 18 sapueuiay

—-— [69°1-"22°7186'L- %GEL 0L 4v0 42T 0L €00 6ZO 800Z"1& 12 epIaWy

12 %G6 ‘wopuey ‘Al 12 %G6 ‘wopuey ‘Al WA [10] S  Uea [Rl0] (S ueaw dnoibans 1o Apnis
aJuaag ueap ERIEIEYT RHEETT] jonuo) [CAETIED e |

(e



(Tw/Bwo[ gN) LAde Pamo[[of 43S (LD) Lade

(dnoi3/gy) N
SAINISO] (Twy/31 001 GIN) LAd® PamO[[0f JYS (99) Lade sier Ayeay 00€-00T 10T “[e 10 eloIeD
ynpe z91 [IeISTA
‘uonn[os aulfes Yim uonesLur pue JYs (19) JUS
Ldde pamo[[oj JY§ (dnous g pue N ur) Lade (0) Awo1oa1IEAO YHM S1EY °T (dnoa3/¢) o[ewd,| (@
dAnIsod 00€-00¢
‘uonnjos auifes pue JYS ‘(dnoi3 g pue N u1) JYS (N) Ayppeaq’|[ Jnpe (Lg MRISIN - €10T B9 BIoIRD
*UbP1 PUB 96 ‘81 0 18 LAd® PaMO[[0] JYS ‘€LAd®
#UTL PUB 8% ‘4T 0 18 LAd® PAMO[[0) IS ‘TLAJ® (dnoid/gy) SN (e)
QAIISOJ sier Ayyjeay 00€-0S2
U0 18 Lade pamo[[oJ 4¥S ‘Ldd® ynpe gL MRS €10T "I 10 BIdIRD
cuonn[os aurfes s uone3Lur pue NS ‘dnoas 1AS
LAde pamo[joj J¥s (dnoi3 N pue D ur) Lade (N) s1es payIpow-aunodIN ‘g (dnoi3/p¢) oleIN
QANISOd 0r1-0T1 110T “[& 19 B1o1en
uonnjos auifes pue JY§ (dnosd N pue ) ur) JyS (D) Ayreaq | Npe 0T /TEISTAN
(QqQ) auoseylowexap
Lade pamojjoj Jds (dnoad q pue N w) Lade (dnoi3/pg) AN 600C
QAINISO( /stea passaiddnsounwy ‘g orI-0ZI1
uornjos auies pue JYS (dnoas q pue N u1) AS Jnpe 081 JIRISTA [ 12 SIpUBWIY{
(AN) Apeay’ |
LAade pamo[[o} JYS ‘(dnos3 g pue N W) Lad® (@) uexoe/syes ondqel( T (dnoi3/og) SN 800C
AAI)ISOd 0OvI1-0T1
uonnjos duifes pue JYS ‘(dnod  pue gN ur) JAS (AN) AyiresH' [ npe 047 /TeISTA “[e 10 eprouwy
193)J9 (3) Jde/sjewue Jdpudn
sdnoa3 Juduneasy pajddfe) uonIpuod AWISAS ai Apms
Lade SUFIEYYY Jo _qunN /sa1dadg

"UOIORIIXD BIEP JOJ PIssao0id SonsLIgoLIRYD PUE SAIPNIS POPN[OUL Y} JO MIIAIIAQ °T IqEL



pasowal a1mesi| oy Joye uonesijdde aanerodolsod 1ose| Jo swr] .
Aderoy orwreuApoloyd jerqororwnue ;ggv ‘3uruerd 1001 pue uiedss Jys

(2IN]) BUTI0DTU JTWAISAS Jopun

LAde pamo[[o} JdS ‘(GIN pue yaA) dnoid pade (dnoi3/p¢) o[ewa ]
QANISOd AWOIIALIBAO Y)IM SIRY ‘T S$'9F99C 810 “[& 10 e1oIen
‘uonnjos aulfes pue Y ‘(IN pue yaA) dnous gys npe 01 [ARISTA
(yoA) Apeay’|
LAde pamo[joj IS ‘dnosd Lade/ddus/NAs N4-§ £q Adesayourayd (dnoi3/o¢) SN L10T
AANISO] 00€-00C
uonnjos aurfes pue YS ‘dnoas JUS/NAS ym sjel passarddnsounuruuy Jnpe 0G| JALIN NN “[& 12 0I0pOAY [,
LAdE pamo[[o} IS (dnoud dIN pue yoA ul) Lade  (9IN) STl payjIpow-ourjodiN g (dnoa3/¢) o[ewd,| 910¢
QAIISOd §'9F99C
uonnjos aurfes pue JYS (dnous N pue YA ur) JHS (YoA) ApedH "| ynpe 081 /TeISTAN “e 30 o)Idq[eND

(Tw/Sw o1 O91) LAde pamo[[oy 1S (69) LAd®

(Tw/31 001 O4.L) LAd® PamO[[o) JYS (89) LaAd®



BAISUIZ LW/ $9°6Z JO ANsuap A319u9 [e10)
wutod/st/s09 (wup99) (@) <10z
oyl yum joeuod ur pue Apenorpuadiod joadse [en3ur jutod/,Wwo/f 461 Jo ANsuap A310ue WO €870°0
(Tu/3ro01) 049l dIveDu] “[e 30 e1OIED
pue [eoonq yoea je sjurod jueisipinbe oary], TeArSurdsuel], M S€0°0JO Jomod
JW9/[ $9°67 ANsuap A310ud [e)0}
anss1 Y} YIM JoeIu09 Ul 30adse [engur| jurod/sz1/ sQ9 (wup99) (®) €10z
utod/;wo/f 46y Jo Asudp AZ10ud  WIEYTN'0
pue [eoonq yoes je syurod juesipinbe oaryy, [earduiSsuer),  (qw/3Moo1) OdL dIveou] “[e 319 BIOIRD)
M §€0°0 JO Jamod
($Z Jo A319u9 [B10}
anssI} Ay} YIm Joejuod ur 3oadse [engurf jurod/s€€1/509 (wup99) 1102
(urod/wo/p 1°L6) Wiod/f  Jo A319us  WOL("Q
pue [eoonq yoes e sjutod juelsipinba 2a1y], ‘[earduidsuer],  (qw/31001) O4L SYIVeD “[e 39 eIOIRD)
ME00 JO Jamod
[$C Jo A319ua Te10)
ANSSI Y YIIM J0BIU0D Ul J0adse [enSur| wrod/s€€1/s09 (uup99) 6002
(urod/wo/f $1°L$) wutod/[  Jo A310Us  WDL0°0
pue [e2onq yoes je sjurod jueisipinbe soxyj, eArdurdsuer]  (qw/3rpo1) OdlL SY[VED  “[e 19 SopueulId]
M €00 JO Iomod
[ T J0 A319u9 [€)0}
ANSSI} A YIIM JorIu0d Ul Joadse [enSurp  jurod/sgey/ sO9 (wrug99) 800C
(urod/ wo/r ¢1°L6) yutod/f ¢ Jo A31ous L wdL(°0
pue [eoonq yoea je sjurod jueisipinba oary], TeArdwidsuer),  (Juw/3Mo01) 09l SY[VeD “Ie 12 eprowy
ME00 JO Iamod
JwI uoneIpe.LI]
poyjow uonerpesdt Td1 JuoneIpeLI-ddg sijowesed 1d1 azisjodg () Jase] Al Apms

Sd

"}S219)uI JO sidjowered J3se] pue SaIpn)s pajodas Y} JO MIIAIAQ T dqeL



anjq dud[Ayew

gV ‘O onjq auipinjol gz ‘1ezmisussojoyd S ‘1ose[ Jemod-mo[ 747 ‘yiSusjesem y ‘snioyodoyd winurwnie wnij[es wnipul J7pypouf ‘oplussie-wnurwnie-wnifes sy7pvo

JWO/[ $9°6C JO A319Ud [©)0)

anssn) [BAIZUIS 9y} Yiim 10BIUO0D Ul Jsowfe pue Ajre[norpuadiad wrod/sz1/s09 (wuQ99) 810¢C
wurod/ und/f 7841 Jo Ausuap AZ1ous  Lumd £870°0
joadse [en3ur] pue [eoonq yoee juiod auQ ‘[eardurdsuer)  (qu/drigol) Odl dIvenug “Ie 39 BIOIRD
MSE0°0 JO 1omod
JWO/[ 67 JO Ansuap A3I10u9 [€10}
anssn [BAISUIS3 9y YIIm JoeIU0D Ul Jsowfe pue Are[norpuadiad jutod/sz1/ s09 (wup99) L10T
yutod/;wo/f 78y Jo Asuop AS1ous  ;wo £870°0
10adse [en3ur] pue [eoonq yoeo juiod suQ ‘[earduidsuer]  (quySgor) N dIvenug “Ie 12 0Jopoay [,
M §€0°0 JO Jamod
JeAI3uIS Ay} M JWI/[ $9°6Z JO ANsuap A31au9 [8)0}
yutod/sz1/s09 (wug99) 910T
1981U09 U1 pue Ape[norpuddiad Jejow isiiy Je[nqIpuew Yo oY) urod/,wo/r 7841 Jo Ansuap AS10u9  wd €870°0
(Tw/3ro01) 0L diveoul  “[e3d oudqrenn
Jo 1adse [enur] pue [eoonq yoea jurod auQ ‘[eArSurSsuer], M SE€0°0 JO Iomo(d
rod/sz1/509
eA13uid (Tw/Sw] pue
WY/ $9°6T JO ANsuap A319u9 [e10) (wup99) 10T
AU} 1M JOBIJUOD UI pUe SIXE U0 S, Y300} oy} o) se[notpuadiad  quSrgor) N AU €870°0
M S€0°0JO Tomod dIveDu] “Ie 19 e1oIRD

10adse [en3ur] pue [eoonq yoed jurod duQ ‘TeArSurdsuer],

(Tw/3wg[ pue

Tw/31001) O4d.L




Supplemental File 1. Search strategies according to electronic source

Source

Search Strategy

PUBMED/ MEDLINE

(((("periodontitis"[All Fields] OR "periodontal disease"[All
Fields]) OR "periodontal disease/experimental"[All Fields]) OR
"periodontitis experimental model"[All Fields]) OR "periodontal
diseases"[All Fields]) AND ((("photochemotherapy"[All Fields]
OR  "photodynamic"[All ~ Fields]) OR ("photodynamic
antimicrobial chemotherapy"[All Fields] OR "photodynamic
antimicrobial chemotherapy pact"[All Fields])) OR "photodynamic

therapy"[All Fields])

EMBASE

(((periodontitis OR "periodontal disease') AND photochemotherapy
OR 'photodynamic therapy' OR 'photodynamic antimicrobial
chemotherapy') AND 'scaling and root planing' OR 'periodontal
therapy’ OR 'root planing') AND (‘animal experiment'/exp OR

'animal experiment')

SCOPUS

ALL ( "periodontitis" ) OR ALL ( "periodontal disease" ) OR
ALL ( "periodontal diseases" ) AND ALL ( "photochemotherapy"
) OR ALL ( "photodynamic therapy" ) OR ALL ( "photodynamic
antimicrobial chemotherapy" ) OR ALL ( "photodynamic") AND
ALL ( "scaling and root planing" ) OR ALL ( "periodontal
therapy" ) OR ALL ( "root planing" ) AND ALL ( "animal

experiment" ) OR ALL ( "animal model" )




Supplemental File 1. Search strategies according to electronic source (continued)

Source

Search Strategy

ProQuest

periodontitis AND photochemotherapy

J Periodontol
J Clin Periodontol

Lasers Surg Med

>

periodontitis OR “periodontal disease” OR “periodontal diseases’
AND photochemotherapy OR “photodynamic antimicrobial

chemotherapy” OR “photodynamic therapy”

Lasers Med Sci

'periodontitis OR “periodontal disease” OR “periodontal
diseases” AND photochemotherapy OR “photodynamic
antimicrobial chemotherapy” OR “photodynamic therapy”

AND "animal experiment" OR "animal model"

J Photochem Photobiol

B

periodontitis OR “periodontal disease” AND “photodynamic
antimicrobial chemotherapy” OR "antimicrobial photodynamic
therapy" AND “scaling and root planing” OR “root planing”

AND "animal experiment"




Supplemental file 2. Excluded studies and reasons for exclusion.

Publication

Reasons for exclusion

J.M. de Almeida, L.H. Theodoro, A.F. Bosco, M.J. Nagata, M.
Oshiiwa, V.G. Garcia. Influence of photodynamic therapy on

the development of ligature-induced periodontitis in rats. J

Periodontol. 78(3) (2007) 566-75.

J.M. de Almeida, L.H. Theodoro, A.F. Bosco, M.J. Nagata, M.
Oshiiwa, V.G. Garcia. In vivo effect of photodynamic therapy
on periodontal bone loss in dental furcations. J Periodontol.
79(6) (2008) 1081-8.

P.E. Bottura, J Milanezi, L.A. Fernandes, H.C. Caldas, M
Abbud-Filho, V.G. Garcia, M.A. Baptista. Nonsurgical
periodontal therapy combined with laser and photodynamic
therapies for periodontal disease in immunosuppressed rats.
Transplant Proc. 43(5) (2011) 2009-16.

A.S. Carvalho, M.H. Napimoga, J. Coelho-Campos, V.J. Silva-
Filho, G. Thedei.

Photodynamic therapy reduces bone

resorption and decreases inflammatory response in an

experimental rat periodontal disease model. Photomed Laser
Surg. 29 (11) (2011)735-40.

RA Prates, AM Yamada, LC Suzuki, CM Fran¢a, S Cai, MP
Mayer, AC Ribeiro, MS Ribeiro. Histomorphometric and
microbiological assessment of photodynamic therapy as an
adjuvant treatment for periodontitis: a short-term evaluation of

inflammatory periodontal conditions and bacterial reduction in

1.aPDT as monotherapy
2. the ligatures were not
removed after 7 days

3. absence of histometric

analysis

1.aPDT as monotherapy
2. the ligatures were not

removed after 7 days

1. incomplete data about

histometric analyses

1. incomplete data about

histometric analyses

1. crest bone evaluation




a rat model. Photomed Laser Surg. 29 (12) (2011) 835-44.

Supplemental File 2. Excluded studies and reasons for exclusion (continued).

Publication

Reasons for exclusion

P.G. de Oliveira, A.M. Silveira E Souza, A.B. Novaes Jr, M.
Taba Jr, M.R. Messora, D.B. Palioto, M.F. Grisi, A.C.
Tedesco, S.L. de Souza. Adjunctive effect of antimicrobial
photodynamic therapy in induced periodontal disease. Animal
study with histomorphometrical, immunohistochemical, and
cytokine evaluation. Lasers Med Sci.31(7) (2016) 1275-83.

M. de Moraes, R.C. Vasconcelos, J.P. Longo, L.A.
Muehlmann, R.B. de Azevedo, R.F. de Aradjo Junior, A.A.
Araujo, A. de Lisboa Lopes Costa. Photodynamic therapy
using chloro-aluminum  phthalocyanine  decreases
inflammatory response in an experimental rat periodontal
disease model. J Photochem Photobiol B. 167 (2017) 208-215.

Belinello-Souza EL, Alvarenga LH, Lima-Leal C, Almeida P,
Leite CG, Lima TR, Godoy-Miranda B, Previati-Oliveira J, de
Pretto L, de Freitas AZ, Fernandes AU, Labat Marcos R, Prates
RA. Antimicrobial photodynamic therapy combined to
periodontal treatment: Experimental model. Photodiagnosis
Photodyn Ther. 18 (2017) 275-278.

Camacho-Alonso F, Davia-Pefia RS, Vilaplana-Vivo C,
Tudela-Mulero MR, Merino JJ, Martinez-Beneyto Y.
Synergistic effect of photodynamic therapy and alendronate on

alveolar bone loss in rats with ligature-induced periodontitis. J

Periodontal Res. (2017) doi: 10.1111/jre.12515.

1. 14 days of experimental

periodontitis induction

1. aPDT as monotherapy
2. absence of histometric

analysis

1. absence of SRP control

group;

2. crest bone evaluation.

1. aPDT as monotherapy;
2. ligatures were not
removed after 7 days;

3. absence of histometric

analysis




Supplemental File 2. Excluded studies and reasons for exclusion (continued).

Publication Reasons for exclusion

Theodoro LH, Ferro-Alves ML, Longo M, Nuernberg MAA,
Ferreira RP, Andreati A, Ervolino E, Duque C, Garcia VG.
Curcumin photodynamic effect in the treatment of the induced 1.aPDT as monotherapy
periodontitis in rats. Lasers Med Sci. 32(8) (2017) 1783-

1791.doi: 10.1007/s10103-017-2261-3.




