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Abstract
Aim: To evaluate the effects of photodynamic therapy (PDT) in the nonsurgical treat-
ment of chronic periodontitis.
Materials and methods: A randomized, single- blind, controlled, parallel- group clinical 
trial was performed. Sixty patients were enrolled: 20 healthy controls and 40 patients 
with periodontitis. The 40 patients were randomized for scaling and root planing (SRP) 
or SRP + PDT. Periodontal (plaque index, probing depth, clinical recession, clinical at-
tachment level, bleeding on probing and gingival crevicular fluid volume, corresponding 
to 381 versus 428 critical sites), microbiological (Aggregatibacter actinomycetemcomi-
tans, Porphyromonas gingivalis, Tannerella forsythia, Treponema denticola, Prevotella in-
termedia and Campylobacter rectus presence, 18 versus 19 samples) and biochemical 
(interleukin (IL)- 1β, IL- 6 and tumour necrosis factor (TNF)- α, receptor activator of nu-
clear factor- kappaB ligand (RANK- L) and osteoprotegerin (OPG) levels, 18 versus 19 
samples) parameters were recorded.
Results: Within each group, significant improvements were found for clinical parame-
ters, though without significant differences between groups. RANK- L was significantly 
decreased at week 13 in the SRP + PDT group compared with the SRP group. 
SRP + PDT, but not SRP alone, significantly reduced the abundance of 
A. actinomycetemcomitans.
Conclusions: Except for a significant decrease in the pathogenic burden of A. actino-
mycetemcomitans, coadjuvant PDT resulted in no additional improvement compared 
with SRP alone in patients diagnosed with moderate- to- advanced chronic 
periodontitis.
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Aggregatibacter actinomycetemcomitans, clinical outcomes, diode laser, osteoprotegerin, 
periodontitis, photodynamic therapy, RANK-L, scaling and root planing OPG

1  | INTRODUCTION

Bacterial biofilm is one of the main factors in the aetiology of peri-
odontitis. The augmented bacterial burden observed in periodontitis 

induces an increase in lipopolysaccharide, resulting in an increase 
in pro- inflammatory mediators such as interleukin (IL)- 1β, IL- 6 
and tumour necrosis factor (TNF)- α (Reis et al., 2014; Van Dyke, 
Lester, & Shapira, 1993). This inflammation in turn stimulates 
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osteoclastogenesis (Cochran, 2008), modifying the levels of receptor 

activator of nuclear factor- kappaB ligand (RANK- L) and/or osteopro-

tegerin (OPG), which is responsible for osteoclast activation (Arron & 

Choi, 2000). Biofilm removal, therefore, plays a key role in periodontal 

therapy (Teles, Teles, Frias- López, Paster, & Haffajee, 2013; Westfelt, 

1996).

Scaling and root planing (SRP) is the gold standard for reduc-

ing biofilm in nonsurgical management of periodontal disease. 

However, SRP is not able to remove all periodontal pathogenic bac-

teria, particularly those found within periodontal tissues (Haffajee, 

Teles, & Socransky, 2006; Iniesta, Herrera, Serrano, & Sanz, 2008) 

or in deep periodontal pockets (Kawashima, Sato, Kishida, & Ito, 

2007). As a result, bacterial recolonization (Rams & Slots, 1996; 

Uzel et al., 2011) occurs from the non- eliminated subgingival 

plaque or from other oral reservoirs (Mombelli & Samaranayake, 

2004). Control of bacterial recolonization requires regular peri-

odontal maintenance and the addition of coadjuvants to mechan-

ical debridement (Mombelli & Samaranayake, 2004; Ryan, 2005), 

such as antibiotic treatment (Bassir et al., 2013; Slots, 2002) and 

photodynamic therapy (PDT). The latter is a noninvasive technique 

based on the use of a photosensitizing agent that is activated by 

light of an adequate wavelength and that in the presence of oxygen 

generates free radicals and singlet oxygen, which are toxic to bac-

teria (Soukos & Goodson, 2011). However, there is no agreement 

to date on the benefits of PDT as a coadjuvant to SRP. Although 

there are descriptions of additional improvements in clinical param-

eters such as probing depth, clinical attachment level and bleeding 

on probing (Alwaeli, Al- Khateeb, & Al- Sadi, 2015; Betsy, Prasanth, 

Baiju, Prasanthila, & Subhash, 2014; Braun, Dehn, Krause, & Jepsen, 

2008; Campos et al., 2013; Franco et al., 2014; Lulic et al., 2009), 

other authors have reported no difference resulting from the addi-

tion of PDT (Carvalho et al., 2015; Dilsiz, Canakci, & Aydin, 2013; 

Pourabbas et al., 2014; Theodoro et al., 2012; Yilmaz et al., 2002). 

Overall, most studies have failed to show additional microbiological 

benefits using PDT as a coadjuvant treatment (Carvalho et al., 2015; 

Christodoulides et al., 2008; Gómez, Domínguez, García- Kass, & 

García- Núñez, 2011; Yilmaz et al., 2002). In contrast, Theodoro 

et al. (2012) reported a significant decrease in the percentage of 

periodontopathogenic bacteria- positive sites. With regard to bio-

chemical parameters, previous studies have reported significant 

reductions in TNF- α (Pourabbas et al., 2014) and OPG concentra-

tions (Franco et al., 2014), though Gómez et al. (2011) documented 

similar biochemical outcomes when combining PDT and SRP. These 

differences in results may be attributable to variations in the meth-

odology applied.

Due to the debate among several studies and systematic reviews 

in the periodontal literature regarding the effectiveness of PDT as a 

coadjuvant to periodontal treatment (for a review, see Sgolastra et al., 

2013; Smiley et al., 2015; and Kellesarian et al., 2016), this study was 

designed to assess additional clinical, microbiological and biochemical 

effects of PDT in the initial management of chronic periodontitis. The 

null hypothesis was that PDT as a coadjuvant therapy would result in 

improved basic periodontal management.

2  | MATERIALS AND METHODS

2.1 | Study population

Forty patients (12 men and 28 women) between 33 and 74 years of 

age (mean 55 ± 2) with chronic periodontitis were assessed for eli-

gibility at the Department of Periodontics (Fundación Lluís Alcanyís, 

University of Valencia, Valencia, Spain). Based on the classification 

system for periodontal diseases and the conditions of Armitage 

(1999), patients diagnosed with chronic generalized moderate- 

advanced periodontitis should have a periodontal involvement of 

at	 least	 30%	 and	 a	 clinical	 attachment	 loss	 of	 ≥3	mm	 (moderate	
3–4	mm,	advanced	≥5	mm).	A	periodontally	healthy	individual	is	de-

fined by clinical attachment loss <1 mm. The study was designed in 

accordance with the principles of the Declaration of Helsinki, with 

approval by the Clinical Research Ethics Committee of the University 

of Valencia. Informed consent was obtained from each patient be-

fore the study.

Patients were enrolled (Clinical- Trials.gov ID: NCT01532674) by 

a clinical researcher based on the following inclusion criteria: four or 

more	periodontal	pockets	with	a	probing	depth	≥5	mm	and	bleeding	
on probing. We excluded patients who had undergone periodontal, 

antibiotic, photosensitizing or anticoagulant treatment in the last 

three months; were smokers; had a Silness and Löe plaque index of 2 

for more than 30% of the teeth (Persson, Falk, & Laurell, 2000); were 

pregnant or breastfeeding; or were allergic to the components used in 

the treatments.

The patients were divided into two groups of 20 individuals ac-

cording to the type of treatment prescribed. One group underwent 

basic periodontal treatment consisting of scaling and root planing (SRP 

group); the second group underwent this basic periodontal treatment 

plus photodynamic therapy (SRP + PDT group). The study flow chart is 

shown in Figure 1. A third group consisted of 20 systemically and peri-

odontically healthy individuals (control group) recruited during routine 

periodical checkups who were monitored only once during the screen-

ing visit, at the same time as the periodontal patients.

Clinical Relevance
Scientific rationale for the study: Although PDT has been pro-

posed as a coadjuvant to SRP in treating chronic periodonti-

tis, no general consensus on its use has been reached. As a 

result, published studies report inconsistent results regard-

ing added benefits.

Principal findings: PDT did not provide additional improve-

ment in clinical and pro- inflammatory parameters, although 

it did reduce the burden of Aggregatibacter actinomycetem-
comitans and induce an early reduction in RANK- L.

Practical implications: Despite a decrease in Aggregatibacter 
actinomycetemcomitans, PDT as a coadjuvant to SRP does 

not appear to be a valid option for chronic periodontitis.
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2.2 | Study protocol

A randomized, single- blind, controlled design was used. Simple 
randomization of the patients (1:1 allocation ratio) to the SRP or 
SRP + PDT group was carried out by staff external to the study using 
a computer- generated random number table. Blinding to the ran-
domization was ensured using sealed and opaque envelopes num-
bered in sequence.

The calculated required sample size was 40 patients. This sample 
size was determined to provide 90% power in recognizing a significant 
difference in the clinical attachment level of 0.75 mm between groups, 
with a standard deviation of 1.5 (d = 0.5) and a 95% confidence inter-
val (α = 0.05).

The protocol comprised eight visits for each patient with periodon-
tal disease, distributed over a period of 175 days (Figure 2).

A blinded examiner conducted a periodontal evaluation of the pa-
tients at six sites per tooth. In addition, four samples of gingival crevic-
ular fluid were collected, always at the same locations (probing depth 
≥5	mm	and	bleeding	on	probing),	during	the	screening	visit	and	after	
5, 13 and 25 weeks. Samples were collected from the control group 
on a single occasion.

2.3 | Treatment procedure

Both study groups underwent SRP with combined ultrasound 
(SONICflex 2003®, Madrid, Spain) and Gracey and Columbia curettes 
(Hu- Friedry®, Rotterdam, South Holland, Netherlands) under local an-
aesthesia at week 0 and 24 hours later. The randomization envelope 
was opened after SRP was completed (week 0 + 24 hr). Supporting 
periodontal treatment—consisting of SRP, with reinforcement of 
brushing techniques, including the use of interproximal hygiene meas-
ures—was performed at weeks 13 and 25.

In addition to SRP, the patients in the SRP + PDT group received 
coadjuvant PDT using the Periowave® system (Ondine Biopharma 
Corp., Vancouver, British Columbia, Canada). Methylene blue at a con-
centration of 0.005% was used as a photosensitizing agent and was 
applied following the instructions of the manufacturer using a blunt 
needle over the periodontal pocket. Diode laser irradiation (670 nm, 
150 mW) was carried out with a flexible tip for 60 s in each periodon-
tal	pocket	 (depth	≥	5	mm).	The	treatment	was	applied	at	weeks	1,	5	
and 13.

All patients received instructions on proper toothbrushing. 
Reinforcement of these instructions was carried out during each visit.

F IGURE  1 Study flow chart

F IGURE  2 Visit protocol
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2.4 | Clinical parameters

Clinical parameters were recorded at six sites per tooth by a single cal-
ibrated examiner who was blinded to the type of treatment received 
by the patient. Calibration was performed once in five patients who 
were not included in the study in two sessions spaced 24 hr apart 
and was accepted if the percentage coincidence between the meas-
urements was over 95%. We monitored clinical parameters for each 
patient in the following order: (1) gingival crevicular fluid; (2) plaque 
index; (3) probing depth; (4) clinical recession; (5) clinical attachment 
level; (6) bleeding on probing. Comparison of the treatments was 
performed at critical sites, defined as sites at which the periodontal 
pocket	measured	 ≥5	mm	 in	 depth	with	 bleeding	 on	 probing	 at	 the	
screening visit. The effective study sample, therefore, comprised 809 
data points (381 corresponding to SRP and 428 to SRP + PDT).

The plaque index (Löe & Silness, 1963) was used to monitor oral 
hygiene over the course of the study. Probing depth was measured in 
millimetres from the gingival margin to the depth of the periodontal 
pocket. Clinical recession in turn was measured in millimetres from 
the gingival margin to the cementoenamel junction. The clinical at-
tachment level was measured in millimetres from the cementoenamel 
junction to the end of the pocket. Bleeding on probing was docu-
mented according to the absence or presence of bleeding 30 seconds 
after probing (Miller, 1950). A Williams PQ- OW 208 396 probe (grad-
uated 1- 2- 3- 5- 7- 8- 9- 10) (Hu- Friedry®, Rotterdam, South Holland, the 
Netherlands) was used for all explorations. Pressure of approximately 
20 g was applied for probing. Improvement in the clinical attachment 
level was regarded as the primary endpoint. Secondary endpoints were 
improvement in probing depth and reduction of bleeding on probing, 
clinical recession and the plaque index.

2.5 | Obtainment of gingival crevicular fluid samples

Microbiological and biochemical samples were taken before any sub-
gingival instrumentation was carried out. Following the removal of 

supragingival plaque and calculus using periodontal curettes, gingival 
crevicular fluid samples were pooled during the screening visit and at 
weeks 5, 13 and 25 from four experimental sites, namely, the deep-
est	periodontal	pocket	 in	each	quadrant	 (probing	depth	≥5	mm,	ac-
companied by bleeding on the screening visit) was considered to be 
representative of the entire oral cavity. Samples for microbiological 
analysis were obtained by inserting a sterile number 30 paper endo-
dontic tip (Dentsply®, Maillefer, Petrópolis, Rio de Janeiro, Brazil) into 
the bottom of the periodontal pocket for 10 s; a sterile Periopaper® 
strip (Oralflow®, New York, USA) was inserted for 30 s in the case of 
sampling for biochemical analysis. Samples containing blood or plaque 
were rejected. The gingival crevicular fluid volume was recorded 
using Periopaper® strips with a Periotron 8000® (Oralflow®, New 
York,	USA).	The	samples	were	stored	at	−80°C	in	sterile	Eppendorf® 
(Eppendorf Ibérica®, Madrid, Spain) tubes until processing.

For the healthy control group, a single sampling was performed 
in the groove between distal- vestibular teeth 1.2 and 2.2 and mesio- 
vestibular teeth 1.6 and 2.6. Both samples were pooled and treated as 
described above.

2.6 | Microbiological parameters

We determined gene expression levels of the main bacteria implicated 
in chronic periodontitis (Aggregatibacter actinomycetemcomitans, 
Tannerella forsythia, Porphyromonas gingivalis, Treponema denticola, 
Prevotella intermedia and Campylobacter rectus) in gingival crevicular 
fluid using real- time polymerase chain reaction (RT- PCR).

Bacterial DNA was extracted using High Pure PCR Template 
Preparation Kit (Roche- Applied- Science®, Penzberg, Bavaria, Germany) 
following the instructions of the manufacturer. Bacterial detection 
and quantification were performed using a quantitative RT- PCR SYBR 
Green system (Roche- Applied- Science®, Penzberg, Bavaria, Germany). 
We used specific primers (TIB MOLBIOL®, Berlin, Germany) for quan-
tifying gene expression for the different bacteria (Table 1). Changes in 
 expression were assessed using the 2−ΔΔCT method (Livak & Schmittgen, 

TABLE  1 Reverse and forward primer sequencing for each bacterium (adenine [A]/guanine [G]/thymine [T]/cytosine [C])

Bacterium Sequence 5′ – 3′
Gene 
Bank

Base Position 
(amplicon length in bp) Reference

Porphyromonas gingivalis Rev ACGTCTCCCC CCTTCCTC L16492 1054–1246 (192) Tran and Rudney (1999) 

For TGTAGATGACTGATGGTGAAAACC

Aggregatibacter 
actinomycetemcomitans

Rev ACGTCATCCCCACCTTCCTC M75036 889–1246 (360) Tran and Rudney (1999) 

For ATTGGGGTTTAGCCCTGGTG

Tannerella forsythia Rev ACGTCATCCCCACCTTCCTC L16495 494–1246 (752) Tran and Rudney (1999) 

For ACAGGGGAATAAAATGAGATACG

Treponema denticola Rev TCAAAGAAGCATTCCCTCTTCTTCTTA JF700256 193–508 (316) Okada, Hayashi, and 
Nagasaka (2001) For TAATACCGAATGTGCTCATTTACAT

Prevotella intermedia Rev ATACGTTGCGTGCACTCA L16468 172–638 (575) Ashimoto, Chen, Bakker, 
and Slots (1996) For CGTGGACCAAAGATTCATCG

Campylobacter rectus Rev TTT CGG AGC GTA AAC TCC TTT TC L04317 415–1012 (598) Okada et al. (2001) 

For TTTCTGCAAGCAGACACTCTT
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2001). Standard curves were plotted based on the ΔCt data obtained 
from DNA extracted from pure bacterial cultures.

2.7 | Biochemical parameters

Commercial enzyme- linked immunosorbent assay (ELISA) kits were 
used for the determination of IL- 1β, TNF- α, IL- 6, (Diaclone SAS®, 
Besançon, Bourgogne- Franche- Comté, France), RANK- L and OPG 
(BioVendor®, Laboratorni medicina A.S., Barcelona, Spain) levels. 
Paper gingival crevicular fluid samples were suspended in sterile 
phosphate- buffered saline (PBS) according to the recommendations 
of the manufacturer. The eluted samples were determined in dupli-
cate. The optical densities were measured at 450 nm. Sample values 
were determined by extrapolation of the absorbance values from re-
spective standard curves. Data are expressed as concentrations (pg/
ml).

2.8 | Statistical analysis

All values are expressed as the mean ± SD. Descriptive statisti-
cal analysis was performed for the clinical, microbiological and bio-
chemical variables according to group (control, SRP, SRP + PDT). 
Measurements were obtained at the site level, corresponding to dif-
ferent teeth and patients; the observations are, therefore, not com-
pletely independent. These intra- subject and intra- tooth correlation 
effects were controlled by means of generalized estimation equation 
models (Wald χ2). The effects of time, group and interaction were as-
sessed by the model. Due to the involvement of three groups and to 
avoid type- I error propagation, the Bonferroni test was applied for 
multiple comparisons.

Logarithmic transformation of the microbiological data was per-
formed, and repeated measurement analysis of variance (ANOVA) 
models were used to assess differences according to group, with the 
same type of post hoc testing as that performed previously (Bonferroni 
test). As important deviations from normality were found for the bio-
chemical parameters, even after transformation, a nonparametric ap-
proach was used. Brunner- Langer models for longitudinal data were 
estimated to assess the effects of time, treatment and interaction. An 
analysis of variance (ANOVA)- type test was used for comparisons. The 
level of significance was established as 5% (α = 0.05).

3  | RESULTS

Thirty- seven patients (26 women and 11 men, with a mean age of 
55 ± 2 years) completed the 6- month study, which was conducted be-
tween June 2012 and July 2013. Postoperative healing was unevent-
ful in all cases, and no adverse events or complications were recorded 
during the study.

The mean values of the clinical parameters at baseline and at 5, 13 
and 25 weeks after treatment are shown in Table 2. The differences 
between the healthy controls and periodontal patients were obvious 
at baseline.

At baseline, the clinical attachment level was 6.19 ± 1.42 mm in 
the SRP group and 6.47 ± 1.60 mm in the SRP + PDT group (p > .05). 
These values decreased over time, independent of the treatment re-
ceived (4.19 ± 1.60 mm and 4.67 ± 1.83 mm for SRP and SRP + PDT, 
respectively; p > .05). Secondary clinical parameters improved in both 
groups, with the exception of clinical recession, which increased signifi-
cantly in both groups. No significant differences were noted between 
treatments. At baseline, the mean gingival crevicular fluid volume in 
the SRP group was 0.62 ± 0.40 μl, compared with 0.55 ± 0.37 μl in 
the SRP + PDT group (p > .05). The corresponding mean volume in the 
healthy controls was significantly lower than that in the patients with 
periodontal disease (0.18 ± 0.05 μl; p < .001). The gingival crevicular 
fluid volume in the patients with periodontal disease decreased over 
time, with no significant differences between treatments and without 
reaching the control values at the end of the study.

Compared with the control group, the patients with periodontal 
disease showed increased bacterial burden corresponding to A. actino-
mycetemcomitans, P. gingivalis, T. forsythia, T. denticola, P. intermedia and 
C. rectus at the screening visit (Table 3). Although SRP treatment alone 
did not alter the pathogenic burden of A. actinomycetemcomitans, the 
addition of PDT significantly lowered the abundance of this species 
(p < .001) to levels consistent with those of the healthy individuals. 
Both SRP and SRP + PDT were found to be effective at lowering the 
bacterial burden of P. gingivalis and T. forsythia to levels similar to those 
in the controls, without significant differences between treatments. 
Conversely, neither treatment modified the T. denticola, P. intermedia 
or C. rectus burden, which remained higher that of the control group at 
the end of the study (Table 3).

At baseline, pro- inflammatory cytokine (IL- 1β, IL- 6 and TNF- α) lev-
els in the gingival crevicular fluid of the patients with periodontal dis-
ease were higher than those in the control group. Independent of the 
treatment received, the TNF- α and IL- 1β concentrations decreased, 
reaching values similar to those in the controls, though there were 
no changes in IL- 6, which remained at an elevated level at the end of 
treatment (Table 4).

Regarding bone metabolic markers, RANK- L was found to be el-
evated at baseline in the patients with periodontal disease compared 
to the healthy controls, but OPG levels were lower in the former 
(Table 4). Thus, the RANK- L/OPG ratio increased in comparison with 
that in the control group (p < .05). At week 13, the variation in this 
ratio was greater in the SRP + PDT group than in the SRP group. At 
this time point, the RANK- L/OPG ratio in the SRP + PDT group ap-
proached that of the control group (p > .05), whereas the SRP group 
presented significant increases compared with the controls. At the end 
of the study, both treatments resulted in similar RANK- L/OPG ratios 
(p > .05).

4  | DISCUSSION

We examined the impact of SRP on clinical, microbiological and bio-
chemical parameters and compared the results with those obtained 
after combined SRP and PDT. Both SRP and SRP + PDT resulted in 
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significant improvements in all clinical parameters examined. Because 

the increase in clinical recession was clinically irrelevant, improve-

ment in the clinical attachment level occurred as a result of a reduced 

probing depth (Van der Weijden & Timmerman, 2002); this was likely 

due to the formation of long epithelial adherence (Botero, Botero, 

Bedoya, & Guzmán, 2012) and elimination of underlying causal fac-

tors (i.e. plaque and subgingival calculus), with subsequent decreased 

inflammation. The mean decrease in probing depth in the course of 

treatment with PDT was 1.9 mm, although previous studies have re-

ported a decrease of 1 mm (Pourabbas et al., 2014). The decrease in 

probing depth after SRP was dependent on the initial probing depth: 

the greater the initial depth, the greater the resulting improvement, 

independent of the type of treatment. Improvement of the plaque 

index at week 5 was greater in the SRP + PDT group, likely because 

PDT reduces biofilm reorganization (Feres, Haffajee, Allard, Som, & 

Socransky, 2001). However, it is possible that improvement in this 

group was the result of enhanced oral hygiene due to the Hawthorn 

effect (Feil, Grauer, Gadbury- Amyot, Kula, & McCunniff, 2002). In 

support of this hypothesis, successive PDT sessions did not offer ad-

ditional improvement in the plaque index. Previous studies (Alwaeli 

et al., 2015; Campos et al., 2013) have shown that the SRP + PDT 

combination benefits clinical parameters to a greater extent than does 

SRP alone, though other investigators have reported no additional 

advantage (Dilsiz et al., 2013; Pourabbas et al., 2014). Under our ex-

perimental conditions, the combination of SRP + PDT did not signifi-

cantly improve the analysed clinical parameters. These discrepancies 

are possibly due to variations in the conditions of PDT application or 

to the experimental design (Schwarz, Aoki, Becker, & Sculean, 2008).

Clinical parameter
SRP  
(n = 18)

SRP + PDT  
(n = 19)

Healthy controls 
(n = 20)

CAL (mm)

Baseline 6.19 ± 1.42 6.47 ± 1.60 <3 mm

Week 5 4.93 ± 1.66* 5.15 ± 2.02*

Week 13 4.59 ± 1.65* 5.06 ± 1.99*

Week 25 4.19 ± 1.60* 4.67 ± 1.83*

PI

Baseline 1.11 ± 0.60 1.08 ± 0.71 <1

Week 5 0.71 ± 0.53 0.53 ± 0.61*,#

Week 13 0.62 ± 0.56 0.71 ± 0.65

Week 25 0.49 ± 0.53* 0.58 ± 0.61*

PD (mm)

Baseline 5.69 ± 1.02 5.83 ± 1.11 <3 mm

Week 5 4.34 ± 1.39* 4.38 ± 1.53*

Week 13 3.96 ± 1.20* 4.19 ± 1.45*

Week 25 3.62 ± 1.15* 3.93 ± 1.36*

CR (mm)

Baseline 0.50 ± 1.00 0.63 ± 1.01 Uneventful

Week 5 0.59 ± 0.97* 0.77 ± 1.10*

Week 13 0.63 ± 1.04* 0.87 ± 1.16*

Week 25 0.56 ± 0.97* 0.74 ± 1.09*

BOP (%)

Baseline 100 100 Uneventful

Week 5 49.3* 36.4*

Week 13 38.5* 41.1*

Week 25 40.6* 37.0*

GCF (μl)

Baseline 0.62 ± 0.40 0.55 ± 0.37 0.18 ± 0.05

Week 5 0.33 ± 0.22* 0.41 ± 0.32*

Week 13 0.35 ± 0.23* 0.36 ± 0.29*

Week 25 0.33 ± 0.25* 0.38 ± 0.27*

Numbers in parentheses indicate number of patients.
*p < .05 versus baseline within the same group. #p < .05 between scaling and root planing (SRP) and 
SRP + photodynamic therapy (PDT).

TABLE  2 Mean values (± SD) 
corresponding to clinical parameters. 
Clinical attachment level (CAL), plaque 
index (PI), probing depth (PD), clinical 
recession (CR), bleeding on probing (BOP) 
and gingival crevicular fluid (GCF) volume 
in the treatment groups at baseline and 5, 
13 and 25 weeks after treatment



     |  921SEGARRA- VIDAL Et AL.

Periodontal treatment reduced the bacterial burden of P. gingivalis 
and T. forsythia but not that of T. denticola, P. intermedia or C. rectus. 
However, the observed differences between groups were not signif-
icant, and a decrease in A. actinomycetemcomitans burden was only 
found when SRP was combined with PDT. These differences could 
be explained by penetration of the epithelium and connective tissue 
by the photosensitizing agent used in PDT, with destruction of the 
bacteria (Kömerik, Wilson, & Poole, 2000) but without damage to the 
periodontal tissue (Kömerik et al., 2003; Sigusch, Pfitzner, Albrecht, 
& Glockmann, 2005). As a photosensitizing agent, methylene blue is 
effective at inactivating Gram- positive and - negative bacteria (Kikuchi 
et al., 2015; Moan & Berg, 1991) through the production of free 
radicals and singlet oxygen, which cause irreversible damage to the 

bacterial cytoplasmic membrane (Garcez, Nuñez, Hamblin, & Ribeiro, 
2008). Thus, the combination of SRP + PDT may be useful in cases 
of increased bacterial burden of A. actinomycetemcomitans. Similar re-
sults were reported in a 6- month, split- mouth study involving a single 
application of PDT (Theodoro et al., 2012). With regard to P. gingiva-
lis and T. forsythia, the effectiveness of SRP may be due to decreased 
periodontal penetration. Aggregatibacter actinomycetemcomitans pen-
etrates to the subepithelial connective tissue, whereas P. gingivalis 
and T. forsythia are confined to epithelial cells (Liébana, Castillo, & 
Álvarez, 2004). Such reduced penetration could explain why PDT does 
not provide added benefits compared with SRP alone. The bacterial 
burden of T. denticola, P. intermedia and C. rectus remained elevated 
at the end of the study; neither SRP nor SRP + PDT was effective in 

Microbiological parameter 
(logarithmic transformation)

SRP  
(n = 18)

SRP + PDT 
(n = 19)

Healthy controls 
(n = 20)

A. actinomycetemcomitans

Baseline 3.95 ± 0.88 3.33 ± 1.03 1.70 ± 0.79†

Week 5 3.80 ± 0.91 3.12 ± 0.74

Week 13 4.06 ± 0.88 2.69 ± 0.83*,#

Week 25 3.63 ± 0.79 2.25 ± 0.74*,#

P. gingivalis

Baseline 3.91 ± 0.51 3.93 ± 0.67 3.40 ± 0.43†

Week 5 3.85 ± 0.57 4.05 ± 0.59

Week 13 3.97 ± 0.47 3.88 ± 0.53

Week 25 3.54 ± 0.53* 3.69 ± 0.56*

T. forsythia

Baseline 2.63 ± 0.31 2.51 ± 0.47 2.35 ± 0.31†

Week 5 2.39 ± 0.47* 2.37 ± 0.81*

Week 13 2.36 ± 0.45* 2.35 ± 0.34*

Week 25 2.32 ± 0.35* 2.38 ± 0.46*

T. denticola

Baseline 2.63 ± 0.74 2.32 ± 0.82 0.09 ± 0.24†

Week 5 2.21 ± 1.05 1.73 ± 1.41

Week 13 2.29 ± 1.05 2.64 ± 0.78

Week 25 2.33 ± 0.74 2.53 ± 1.21

P. intermedia

Baseline 3.47 ± 1.08 3.28 ± 0.89 1.78 ± 0.67†

Week 5 3.35 ± 1.11 3.53 ± 0.86

Week 13 3.44 ± 1.00 3.55 ± 0.94

Week 25 3.65 ± 0.86 3.42 ± 1.27

C. rectus

Baseline 2.62 ± 1.17 2.37 ± 0.82 0.49 ± 0.48†

Week 5 2.48 ± 1.19 2.18 ± 0.99

Week 13 2.49 ± 1.20 2.17 ± 1.06

Week 25 2.51 ± 1.16 2.10 ± 0.96

Numbers in parentheses indicate number of patients.
*p < .05 versus baseline within the same group. #p < .05 between scaling and root planing (SRP) and 
SRP + photodynamic therapy (PDT). †p < .05 between patients with periodontal disease and healthy 
controls.

TABLE  3 Bacterial burden. Mean values 
(±SD) corresponding to Aggregatibacter 
actinomycetemcomitans, Porphyromonas 
gingivalis, Tannerella forsythia, Treponema 
denticola, Prevotella intermedia and 
Campylobacter rectus in the treatment 
groups at baseline and 5, 13 and 25 weeks 
after treatment
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eliminating these bacteria, possibly due to the existence of other res-

ervoirs (Quirynen, De Soete, Dierickx, & van Steenberghe, 2001). In 

this regard, SRP or SRP + PDT was proven to be insufficient, as such 

treatment only focuses on eliminating bacteria in the periodontal 

pocket but not elsewhere. A recent parallel- group study published by 

Carvalho et al. (2015) yielded a similar result for T. denticola. Further 

studies are needed to establish the most adequate treatment modality 

for the destruction of these bacteria.

Increased bacterial burden produces a pro- inflammatory state 

characterized by the release of cytokines into the gingival tissue 

(Page, 1991). Pro- inflammatory cytokines, including IL- 1β, IL- 6 and 

TNF- α, stimulate bone resorption (Lorenzo, Horowitz, & Choi, 2008; 

Offenbacher, 1996), although the mechanism underlying such 

resorption is not fully understood. In our study, the IL- 1β, IL- 6 and 

TNF- α concentrations in the patients with periodontal disease were 

higher than those in the controls. Basic periodontal treatment (SRP) 

lowered TNF- α and IL- 1β to values consistent with the control levels, 

providing evidence of the effectiveness of this approach for reduc-

ing	inflammation.	De	Oliveira	et	al.	 (2009)	and	Toker,	Akpınar,	Aydın,	
and Poyraz (2012) reported similar reductions in pro- inflammatory cy-

tokines. The observed decreases in TNF- α and IL- 1β concentrations 

were similar between the SRP and SRP + PDT groups, thus indicat-

ing that PDT does not have a beneficial effect on the inflammatory 

component. Because increases in IL- 1β and TNF- α are related to 

enhanced IL- 6 production (Guzmán, Correa, Caballase, & Calderón, 

2004; Musacchio et al., 2009), a decrease in IL- 1β and TNF- α could be 

TABLE  4 Mean values (±SD) 
corresponding to IL- 1β, IL- 6, tumour 
necrosis factor (TNF)- α, RANK- L, 
osteoprotegerin (OPG) and RANK- L/OPG 
in the treatment groups at baseline and 5, 
13 and 25 weeks after treatment

SRP  
(n = 18)

SRP + PDT  
(n = 19)

Healthy controls 
(n = 20)

IL- 1β (pg/ml)

Baseline 88.35 ± 59.93 99.50 ± 73.95 50.87 ± 29.73†

Week 5 62.76 ± 60.45* 59.47 ± 42.91*

Week 13 47.11 ± 57.30* 44.00 ± 42.47*

Week 25 43.99 ± 78.31* 48.91 ± 48.63*

IL- 6 (pg/ml)

Baseline 31.18 ± 7.32 34.00 ± 10.91 10.11 ± 5.94†

Week 5 27.03 ± 10.31 32.00 ± 11.92

Week 13 29.22 ± 7.30 31.70 ± 9.89

Week 25 26.66 ± 7.64 30.07 ± 10.82

TNF- α (pg/ml)

Baseline 168.78 ± 74.19 217.20 ± 114.62 127.51 ± 27.85†

Week 5 201.15 ± 111.90 223.88 ± 104.64

Week 13 175.66 ± 105.49 212.68 ± 112.57

Week 25 99.74 ± 100.42* 125.86 ± 117.82*

RANK- L (pg/ml)

Baseline 842 ± 411 789 ± 431 627 ± 132†

Week 5 773 ± 393 780 ± 587

Week 13 705 ± 559 473 ± 355*,#

Week 25 519 ± 349* 570 ± 353*

OPG (pg/ml)

Baseline 1304 ± 787 1456 ± 805 2169 ± 1092†

Week 5 1678 ± 880 1459 ± 1004

Week 13 1532 ± 1153 1260 ± 768

Week 25 1209 ± 534 1359 ± 1023

RANK- L/OPG

Baseline 1.06 ± 0.95 0.85 ± 0.81 0.38 ± 0.23†

Week 5 0.85 ± 1.03 0.86 ± 0.78

Week 13 0.89 ± 1.16 0.51 ± 0.32*#

Week 25 0.51 ± 0.35* 0.63 ± 0.53*

Numbers in parentheses indicate number of patients.
*p < .05 versus baseline within the same group. #p < .05 between scaling and root planing (SRP) and 
SRP + photodynamic therapy (PDT). †p < .05 between patients with periodontal disease and healthy 
controls.
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expected to result in lower IL- 6 levels. However, our results showed 
no changes in IL- 6 concentrations, thus suggesting that the regulation 
of IL- 6 secretion is not under the exclusive control of IL- 1β and TNF- α. 
The production of pro- inflammatory mediators varies with the loca-
tion of periodontal pockets and between individuals and is further-
more conditioned by genetic factors and periodontal pathogenic flora 
(Yucel- Lindberg & Båge, 2013).

The role of bone metabolic markers (RANK- L/OPG) in the reg-
ulation of osteoclastogenesis and bone resorption (Arron & Choi, 
2000) has been studied in healthy and inflamed periodontal tissues 
(Bartold, Cantley, & Haynes, 2010; Crotti et al., 2003; Santos et al., 
2010). Pro- inflammatory substances, which are increased in the gingi-
val crevicular fluid of patients with periodontitis, increase the levels of 
RANK- L and reduce those of OPG (Hofbauer et al., 2000; Nakashima 
et al., 2000), thereby favouring bone resorption. Thus, alterations in 
RANK- L and OPG in gingival crevicular fluid reflect the host biological 
response in periodontitis. Periodontal treatment lowers the RANK- L/
OPG ratio, primarily through a decrease in RANK- L. However, OPG 
does not vary, either because the RANK- L levels are normalized or 
because it is bound to the excess RANK- L and cannot be detected 
(Lorenzo et al., 2008). The application of PDT accelerates a reduction 
in RANK- L, offering greater protection in terms of an earlier decrease 
in bone destruction. The additional benefits of PDT in relation to mi-
crobiological and biochemical parameters were evidenced after two 
PDT sessions in a short period of time; these improvements would 
have been unnoticed with a single application. Nevertheless, these 
microbiological and biochemical changes did not result in clinical ben-
efits; consequently, the additional time and treatment costs involved 
would not be justified. It should be noted that the samples for mi-
crobiological and biochemical determinations were collected before 
subgingival instrumentation was carried out. Had the samples been 
collected later, the bacterial load would have been lower, and the 
values corresponding to inflammatory parameters likely would have 
been higher.

Our study has several limitations. For example, no consideration 
was given to the patient’s genetic predisposition to periodontal dis-
ease, which can influence treatment efficacy. Another limitation was 
the use of a periodontal probe that was not pressure calibrated to 
standardize probing forces. Finally, the evaluated of microbiological 
and biochemical variables was based on analysis of the deepest peri-
odontal pocket in each quadrant, which we assumed to be representa-
tive of the entire oral cavity.

5  | CONCLUSIONS

Under our experimental conditions, PDT did not provide additional 
benefits in terms of clinical attachment level or any secondary clinical 
outcome compared with the effects of SRP. Clinical improvement was 
consistent with a decrease in the concentrations of pro- inflammatory 
cytokines IL- 1β and TNF- α. Photodynamic therapy as a coadjuvant 
to SRP induced early reductions in RANK- L levels, which is consist-
ent with downregulation of osteoclastogenic activity. Photodynamic 

therapy only reduced the bacterial burden corresponding to A. ac-
tinomycetemcomitans. Based on the findings of our study, we cannot 
suggest the use of PDT as a coadjuvant in the treatment of moderate- 
to- severe chronic periodontitis.
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