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Introduction

Periodontitis is a chronic inflammation disease involving 
the supporting structures of the teeth. The main approach 
to treat periodontitis involves the removal of dental 
plaque, supragingival and subgingival deposits from the 
root surface to stop disease progression 1). Non-surgical 
treatment of periodontitis is conventionally used manual 
scaling and root planing (SRP). Several studies reported 
non-surgical periodontal therapy showing significant im-
provements in clinical and microbial parameters 2, 3, 4). In 
the last years, one visit full-mouth ultrasonic SRP showed 

as a new non-surgical techniques similar results as hand 
instruments for removing plaque and calculus. One visit 
ultrasonic SRP showed superior to hand SRP which pro-
duced smoother roots with less root surface damage, less 
chair side time, and less operator fatigue than did hand 
SRP 5). Because of their instrument width and small insert 
tips, furcation may be more accessible using ultrasonic 
than manual scaler. However, there are some limitations 
of non-surgical periodontal therapy particularly in deep 
periodontal pocket due to its difficult for SRP, which lead 
to decreasing in effectiveness of treatment 6). Therefore, 
adjunctive treatment such as photodynamic therapy 
(PDT) has been proposed to eliminate the periodonto-
pathic bacteria and subsequent recolonization.
	 PDT provides a capability to reduce bacterial load 
and to eradicate periodontopathic pathogens. It employs 
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Background and aims: Photodynamic therapy (PDT) is a potential strategy to eliminate infection in the 
specific tissue. It uses lower-power laser to activate a photosensitizing agent. Studies have shown the 
benefit of PDT in the periodontal treatment. The aim of this study was to evaluate the periodontal chang-
es after applying PDT as an adjunct to one visit full-mouth SRP (scaling and root planing) with subgingi-
val piezoelectric ultrasonic scaler compared with full-mouth SRP alone. 
Methods: A split-mouth randomized clinical trial was designed. Twenty patients with moderate to severe 
chronic periodontitis were treated with subgingival piezoelectric ultrasonic device alone in control group 
and adjunct treated with PDT in the test group. Probing pocket depth (PD), clinical attachment level 
(CAL), plaque index (PI), gingival bleeding index (GBI) and gingival inflammation index (GI) were eval-
uated at baseline, 1 month, 3 and 6 months after treatment. Only sites with PD ≥ 4 mm at baseline were 
calculated. 
Results: All periodontal parameters were significantly improved in both groups at 1 month, 3 and 6 
months after treatment. All parameters in test group were better than that control group, with statistically 
significant differences of GBI and GI (P < 0.05) at 3 and 6 months after treatment but no statistically sig-
nificant differences of PD, CAL and PI. 
Conclusions: One visit full-mouth ultrasonic SRP seems to have good enough effort for the periodontal 
status till 6 months. The adjunct treatment of PDT provided positive effect in term of GBI and GI.
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a photosensitizer binding to the target bacteria and is ac-
tivated by light of a suitable wavelength. During the pro-
cess of changing the energy status of molecules in the 
photosensitizer, free radical of singlet oxygen is formed, 
then causing oxidative damage to cell membrane, mito-
chondria and nuclei of microorganism 7). Many studies, in 
vitro, have shown that several periodontal pathogens, 
such as Porphyromonas gingivalis (P.g) ,Aggregatibacter 
actinomycetemcomitans (A.a) and Prevotella intermedia 
(P.i) are efficiently eliminated by PDT 8, 9, 10). Furthermore, 
PDT also reduce toxic of endotoxin and decrease biologi-
cal activity of periodontal pathogens 11). In vivo study, a 
beagle dog model with PDT using a photosensitizer and 
a 612 nm diode laser showed to improve signs of inflam-
mation and possibility to suppress P.g 12). Komerik N 
et al. 13) demonstrated that a significant reduction in P.g 
count was detected after the treatment with toluidine 
blue O in combination with a diode laser in rat with in-
duced periodontitis. In clinical studies, PDT associated 
with SRP resulted in a statistically significant improve-
ment in the reduction of probing depth, bleeding on 
probing and gain of clinical attachment level over SRP 
alone 14, 15). Chondros P et al. 16) and Christodoulides N et 
al. 17) reported PDT resulted in higher reduction of bleed-
ing scores but not in additional improvement in pocket 
depth reduction and gain of clinical attachment. Howev-
er, Polansky R et al. 18) showed PDT (single cycle) was not 
an effective adjunct to ultrasonic scaling and root planing 
and there was no additional effect to eradicating bacteria.
	 Due to conflicting results, the various types of laser 
and the different techniques of non-surgical periodontal 
treatment from previous studies, the aim of the present 
study to evaluate the changes of periodontal clinical pa-
rameters after PDT (single session) as an adjunct to one 
visit full-mouth ultrasonic SRP compared with SRP alone.

Material and methods

Subject selection

Twenty patients with generalized moderate to severe 
chronic periodontitis were selected, they all had been in-
formed the consent to participate in the study. The study 
protocol was approved by the Institutional ethics com-
mission at Faculty of Dentistry Srinakharinwirot Universi-
ty (No: 13/2557). Each subject provided informed consent 
after explanation of the protocol, risk and benefits of 
study. The inclusion criteria involved the following: gen-
eralized moderate to severe chronic periodontitis, pres-
ence of at least 20 teeth, at least one molar tooth in each 
quadrant with a minimum of four teeth, at least two teeth 
and one molar tooth presented with PD > 6 mm in each 
quadrant. The exclusion criteria were the following: sys-
temic illnesses (diabetes mellitus, immunosuppressive 
drug or HIV), pregnancy or lactation, smoking or alcohol-

ism, confirmed or suspected allergy to photosensitizer, 
previously treated chronic periodontitis, and intake of 
systemic antibiotics in the previous 6 months. 

Sample size calculation

The sample size was calculated considering a mean prob-
ing depth reduction of 1 mm between groups, with a 
standard deviation of 1 mm. Base on this, 16 subjects 
were enrolled in this split mouth design study would be 
enough to provide 80% power with a 5% significance lev-
el. Accordingly, 20 subjects were to be recruited to com-
pensate for loss during follow up. Size calculation was 
based on the formula given below. 

n = 2s2(Z a/2+ Zb)2

Δ2

	 a = 0.05; Z a/2 = 1.96 
	 b = 0.20 (power = 80%) ; Zb = 0.84
	 Δ (delta)) = x̄1 – x̄2) = 1 
	 s = Standard deviation = 1 

Treatment 

The study was performed according to split-mouth de-
sign, computerized randomly allocated to the control or 
the test group (either right or left sides). The control 
group was administered by SRP alone but the test group 
was managed by PDT in addition to SRP. All patients 
were treated full mouth SRP within one visit by piezo-
electric ultrasonic scaler (Suprasson® P5 Newtron, Meri-
gnac, France) with specific periodontal tips (Perio tip, 
Merignac, France). At 1 week after SRP, the test group 
was then randomly allocated on split-mouth design under 
another blinded examiner for performing PDT according 
to the manufacturer’s protocol. (HELBO®Photodynamic 
Systems, Senden, Germany). The photosensitizer dye liq-
uid (phenothiazine chloride: HELBO®Blue photosensitiz-
ers) was applied with a blunt needle at the bottom at the 
periodontal pocket, starting from the bottom of the pock-
et and gently moving coronally to avoid entrapment of 
air bubbles, then allowed reacting for 1 minute. Later, the 
pockets were rinsed with distilled water to remove excess 
liquid.  A diode laser unit: wavelength; 660 nm, output 

Parameters

Number of patient enrolled 20

Gender (male/female) 7/13

Age (years; mean ± SD) 47.25 ± 8.91

Teeth per subject (N; mean ± SD) 26 ±1.64

Number of control sites 789

Number of test sites 839

Table 1: ‌�Demographic characteristics of subjects and 
tooth sites in control and test groups
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power; 100 mW, was attached with a fiber optic pocket 
probe (HELBO®3D pocket probe), curved at angle of 60°. 
The probe was inserted into the periodontal pockets, and 
then laser application was performed circumferentially at 
six sites per tooth (mesiobuccal, midbuccal, distobuccal, 
mesiolingual, midlingual and distolingual) for 10 seconds 
in each. Subsequently, supragingival cleaning was per-
formed with a rubber cup and a low abrasive polishing 
paste. Clinical assessment was measured at 1 month, 3 
and 6 months after treatment. During follow-up visits, su-
pragingival cleansing was performed and oral hygiene in-
struction was reinforced. All patients were recorded clini-
cal data by a blinded examiner.

Clinical parameters

The periodontal status of each patient was assessed be-
fore treatment (baseline) and at 1month, 3 and 6 months 
follow-up after treatment. The variables recorded were as 
follow: 
	 1) ‌�Plaque index (PI; Turesky modification of Quigly 

and Hein, 1970) 
	 2) ‌�Gingival inflammation index (GI; Loe & Sillness, 

1963)
	 3) ‌�Probing pocket depth (PD) 
	 4) ‌�Clinical attachment level (CAL) 
	 PD and CAL were made on six sites: mesiobuccal, 
midbuccal, distobuccal, mesiolingual, midlingual and dis-
tolingual aspects. For probing measurement, a manual 
periodontal probe (UNC-15, Hu-Friedy, Chicago, USA) 
was used. 
	 5) ‌�Gingival bleeding index (GBI) was assessed si-

multaneously with probing pocket depth by re-
cording the presence or the absence of bleeding 
up to 30 s after probing. 

Statistical analysis

For statistical analysis, only sites with PD ≥ 4 mm at base-
line were included in the analysis. Normal distribution of 
the values was assessed with the Shapiro-Wilk test. All 
data were not normally distributed, then PD, CAL, GI and 
PI were analyzed with a non-parametric test employing 
the SPSS® software version 22. The mean values and stan-
dard deviations for PD, CAL, GI and PI were calculated 
for both treatment groups. GBI was recorded as the per-
centage of bleeding on probing. The Mann-Whitney test 
was used for comparison between the treatment groups. 
The significance of differences within each group at base-
line and after treatment (at 1month, 3 and 6 months) 
were evaluated by the Wilcoxon signed rank test for PD, 
CAL, GI and PI. GBI were analyzed with the Chi-square 
test for comparison between the treatment groups, and 
the McNemar test for comparison between baseline and 
after treatment. Differences were considered statistically 
significant when the P value was less than 0.05.

Results 

The twenty patients (mean age 47.25 ± 8.91 years, from 
35-70 years, 13 women and 7 men) were included in the 
study. There were 789 sites in control group and 839 sites 
in test group (Table 1). All participants completed 6 
months evaluation period. No adverse effects were re-
ported by any of them. Clinical parameters were found 
no significant differences between the test and control 
group of the participants with regard to the baseline. 

PD, CAL

PD and CAL shows statistically significant differences im-
prove between baseline and 1 month, 3 and 6 months in 
both groups (Table 2). At 1 month, 3 and 6 months after 

Parameters Baseline 1 month
Difference  
0-1 month

3 months
Difference  
0-3 months

6 months
Difference  
0-6 months

PD (mm)

Control group 4.91 ± 1.02 3.89 ± 1.15A 1.02 ± 0.78 3.50 ± 1.00A 1.41 ±0.84 3.02 ± 0.81A 1.89 ± 0.92

Test group 4.96 ± 1.11 3.91 ± 1.11A 1.05 ± 0.90 3.54 ± 0.94A 1.42 ±0.84 2.97 ± 0.74A 1.99 ± 0.89

P-value 0.16 0.62 0.95 0.58

CAL (mm)

Control group 5.01 ± 1.57 4.35 ± 1.50A 0.66 ± 1.00 4.17 ± 1.38A 0.84 ± 1.00 3.89 ± 1.33A 1.12 ± 1.16

Test group  5.15 ± 1.56 4.46 + 1.49A 0.69 ± 1.15 4.26 ± 1.33A 0.89 ± 1.09 3.99 ± 1.23A 1.16 ± 1.16

P-value 0.09 0.09 0.09 0.05
Different uppercase letters represent intragroup statistically significant difference (Wilcoxon signed ranks test, P < 0.05)

Table 2: ‌�Probing pocket depth (PD) and clinical attachment level (CAL) 
at different time intervals of control and test groups
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treatment from initial value the PD decrease 1.02 ± 0.78 
mm, 1.41 ± 0.84 mm and 1.89 ± 0.92 mm, respectively in 
control group. Also at this time interval the PD decrease 
1.05 ± 1.11 mm, 1.42 ± 0.84 mm and 1.99 ± 0.89 mm, re-
spectively in test group. At 1 month, 3 and 6 months after 
treatment from initial value the CAL gain 0.66 ± 1.00 mm, 
0.84 ± 1.00 mm and 1.12 ± 1.16 mm, respectively in con-
trol group. Also at this time interval the CAL gain 0.69 ± 
1.15 mm, 0.89 ± 1.09 mm and 1.16 ± 1.16 mm, respective-
ly in test group. No statistically significant differences in 
term of PD and CAL were observed between two groups 
at any time point (Table 2).

PI, GI 

PI and GI show statistically significant differences re-
duced between baseline and 1 month, 3 and 6 months in 
both groups (Table 3). After 6 months, a slight increase 
in the PI and GI was observed when compared 3 months 
after treatment. No statistically significant differences in 
term of PI between the two groups at any time point but 
GI was statistically significant reduction in the test group 
at 3 and 6 months after periodontal treatment as com-
pared to control group. 

GBI

GBI shows a statistically significant difference decreased 

between baseline and 1 month, 3 and 6 months in both 
groups (Table 4). After 6 months, a slight increase in the 
GBI was observed when compared 3 months after treat-
ment. As compared to control group, GBI was statistically 
significant reduction in the test group at 3 and 6 months 
after treatment. Comparisons the changes of values for 
GBI from baseline to follow-up at 6 months, the GBI de-
crease were 43.10 % in control group and 52.20 % in test 
group. 

Number of sites with probing pocket depth 
(PD) ≥ 4 and ≥ 5 mm.

The number with PD ≥ 4 mm and ≥ 5 mm at baseline, 1 
month, 3 and 6 months are shown in Table 5. The num-
ber of pockets with PD ≥ 4 mm and ≥ 5 mm showed sig-
nificant reduction between baseline and all three times 
points in both groups, but there was no significant differ-
ences between group at any time. However, at the 6 
months follow up, percentage of reduction in number of 
PD ≥ 4mm and ≥ 5 mm in test group higher than in con-
trol group. Result in test group showed reduction in num-
ber of PD ≥ 4 mm at 76.52%, which higher than control 
group which reduced to 75.24%. At 6 months after treat-
ment, test group had remaining number of PD ≥ 5 mm at 
18.65%, compare to the baseline, which had remaining 
less than control group at 20.23%.

Parameters Baseline 1 month 3 months 6 months

PI 

Control group 3.02 ± 1.08 2.34 ± 0.96A 1.98 ± 0.97A 2.15 ± 1.06A

Test group 3.01 ± 1.07 2.36 ± 0.97A 2.02 ± 0.98A 2.06 ± 1.09A

P-value 0.89 0.87 0.52 0.20

GI

Control group 1.86 ± 0.41 1.30 ± 0.73A 1.14 ± 0.78Aa 1.18 ± 0.81Aa

Test group 1.88 ± 0.40 1.24 ± 0.70A 0.98 ± 0.79Aa 1.06 ± 0.82Aa

P-value 0.31 0.10 0.001 0.02

Different uppercase letters represent intragroup statistically significant difference (Wilcoxon signed ranks test, P < 0.05)
Different lowercase letters represent inter-group statistically significant difference (Mann-Whitney U test, P < 0.05)

GBI (%) Baseline 1 month 3 months 6 months
Difference  
0-6 months

Control group 83.60 45.20A 38.10Aa  40.50Aa 43.10

Test group 85.50 42.00A 30.00Aa  33.30Aa 52.20

P-value 0.41 0.29  0.01  0.01
Different uppercase letters represent intragroup statistically significant difference (McNemar Test, P < 0.05) 
Different lowercase letters represent inter-group statistically significant difference (Chi-square test, P < 0.05)

Table 3: ‌�Plaque index (PI) and gingival inflammation index (GI) at 
different time intervals of control and test groups

Table 4: Gingival bleeding index (GBI) at different time intervals of control and test groups

36



Photodynamic therapy as an adjunct in periodontal treatment

ORIGINAL ARTICLES

Discussion

Although PDT has been used increasingly in periodontal 
treatment, it is still partly being discussed controversially. 
This study showed that the addition application of a sin-
gle episode of PDT to SRP resulting in significantly higher 
reduction of GI and GBI than with SRP alone but it did 
not provided additional positive effect in term of PD and 
PI reduction and CAL gain. 
	 In this study, it was employed a split-mouth design 
which had benefit in controlling variable between per-
sonal. The photosensitizer, phenothiazine chloride at a 
concentration 10 mg/ml had been tested in several in vi-
tro, preclinical and clinical studies with result of no side 
effects related. It was also approved by Food and Drug 
Administration (FDA), which was safe to use for treat-
ment in patients 19). In addition, this study found that 
none of the patients had side effect from this treatment.
	 Several studies revealed that the combination of 
PDT with SRP promoted greater reduction in gingival 
bleeding compared with SRP alone which may resulted 
from reduction of pro-inflammatory mediators 16, 17). 
Quadri T et al. 20) also reported that gingival inflamma-
tion, which indicated by a significant decrease gingival 
crevicular fluid volume was decreased after low-level la-
ser has been use as adjunct therapy in periodontal treat-
ment. Kolbe MF et al .  21) demonstrated that only 
PDT-treated periodontal pocket exhibit increased levels 
of anti-inflammatory IL-4 and reduced amounts of pro-in-
flammatory IL-1b and IL-6. In this study, all patients were 
able to maintain well oral hygiene, finding that both 
groups had plaque index at similar rate. Thus, the plaque 
did not effect to differentiate significantly of gingival 
bleeding and gingival inflammation index. PDT may re-
spond for good effect in reducing gingival inflammation.
	 The results of this study was in agreement with 
Chondros P et al. 16) and Christodoulides N et al. 17) which 

also failed to show significant difference positive effects 
in terms of PD reduction and CAL gain by PDT as an ad-
junctive therapy to SRP. It well known that the plaque is a 
major contributory factor for periodontitis. Full-mouth 
subgingival debridement with supragingival plaque con-
trol in subjects with chronic periodontitis was practically 
effective in reducing PD and improving CAL 1-3). In terms 
of PI, this study showed comparable outcome of PI be-
tween the groups at any time point. Thus, the data indi-
cated that PI may affect the result of PD and CAL changes 
which did not achieve significant improvements between 
the two groups. For further study, the microbiological 
evaluation in term of a subgingival bacteria, such as 
P.gingivalis, will be performed to confirm the effective of 
this photodynamic treatment on periodontitis. 
	 Conversely, Andersen R et al. 14) reported a statisti-
cally difference in clinical attachment gain of 0.86 mm 
and a reduction in pocket depth of 1.11 mm for the 
group treated with SRP combined PDT, and the group 
treated with SRP alone had a clinical attachment gain of 
0.36 mm and a reduction in pocket depth of 0.74 mm. 
Similarly, Braun A et al. 15) revealed statistically significant 
reduction in pocket depth and clinical attachment gains 
after SRP with adjunctive PDT than SRP alone. 
	 During 6 months follow up, the authors found that 
the test group in group of periodontal pockets ≥ 4 mm 
that combined PDT with SRP showing the reduction in 
number of probing depth at 76.24%, which higher than 
control group which reduced to 75.24%. This result may 
due to low-power laser encouraged in activate of increas-
ing fibroblast that increased blood flow to promote in 
wound healing 20). However, the group of probing pocket 
depth ≥ 5 mm was compromised to manage by the 
non-surgical periodontal treatment only. Periodontal sur-
gery is well advised to reduce the remaining periodontal 
pocket 22). In this study, this test group had remaining 
number of probing pockets depth ≥ 5 mm only 18.65%, 

Number of  
periodontal pockets 
(n)

Baseline 1 month (%) 3 months (%) 6 months (%)
Difference 0-6 

months

Remaining 
number of PD 

(%)

n pocket ≥ 4 mm

Control group 844 485 (57.46)A 388 (45.97)A 209 (24.76)A 635 (75.24) 24.76

Test group 839 513 (61.14)A 383 (45.65)A 197 (23.48)A 642 (76.52) 23.48

P-value - 0.44 0.40 0.07

n pocket ≥ 5 mm

Control group 430 251 (58.37 )A 171 (36.77)A 87 (20.23)A 343 (79.77) 20.23

Test group 488 285 (58.40)A 175 (35.86)A 91 (18.65)A 397 (81.35) 18.65

P-value - 0.99 0.22 0.54

Different uppercase letters represent intragroup statistically significant difference (McNemar Test, P < 0.05)

Table 5: Number of periodontal pockets (n) ≥4 mm and ≥ 5 mm at different time intervals of control and test groups
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compare to the baseline, which had less than control 
group at 20.23%. Similarly study of Kolbe MF et al. 21) re-
ported that at 6 months after treatment, test group had 
percentages of number with probing pocket depth ≥ 5 
mm at 14.28% which was less than control group at 
19.04%. Though, result of this study was not statistically 
significant difference, but the less remaining number of 
probing pockets depth ≥ 5 mm revealing the additional 
benefit treatment for non-surgical periodontal surgery, de-
creasing treatment time and increasing patient’s comfort. 
	 Previous studies have compared the use of PDT 
with antimicrobial drug mostly in patients diagnosed with 
aggressive periodontitis. Arweiler NB et al. 23) compared 
the use of antimicrobial drug with PDT, and found that 
the received PDT group and the received antimicrobials 
drug group leading to statistically significant clinical im-
provements comparing with baseline. Still, PDT cannot 
be recommended as a replacement of systemic antibiotics 
in these patients. Although antimicrobial drug might pro-
vide better clinical improvements than PDT, but antimi-
crobials should also be concern with their side effect, 
along with the higher risk of drug resistance in bacteria. 
However, there was very low risk of bacterial resistance 
in using PDT. 

	 The vary results from several studies may cause 
from the differentiated in method regarding periodontal 
diagnosis, study design, type and concentration of photo-
sensitizer, laser type, and exposure durations. Thus, the 
objective of this study was to compare the SRP alone 
with a single application of PDT combined SRP, and it 
showed significant reductions of gingival bleeding index, 
but not in additional improvement in pocket depth re-
duction and gain of clinical attachment after 6 months. 
Lulic M et al. 24) demonstrated that repeated PDT applica-
tions (5 times in 2 weeks) adjunctive to SRP significantly 
improved the probing pocket depth, clinical attachment 
level and bleeding on probing after 6 months compared 
with the group treated with SRP alone. Therefore, differ-
ence of method in studies may have contributed for the 
appearance of different results.
	 In conclusion, the present study showed that addi-
tion of a single application of PDT as an adjunctive thera-
py to SRP failed to result in an improvement in terms of 
probing pocket depth reduction, plaque index reduction 
and clinical attachment gain, but it resulted in a signifi-
cantly greater reduction in gingival bleeding and gingival 
inflammation.
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