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ABSTRACT

Aim: To evaluate the effect of using antimicrobial photodynamic therapy (A-PDT) with 
curcumin in conjunction with open flap debridement (OFD) in the treatment of deep periodontal 
pockets. The primary objective was the clinical evaluation via assessment of the changes in clinical 
periodontal parameters. The secondary objective was the quantification of the pocket total bacterial 
load by Real-Time PCR. 

Subjects and methods: Group A included 7 patients who received OFD in conjunction with 
A-PDT using LED and curcumin paste (2%) as a photosensitizer. Group B included 7 patients 
who received OFD followed by application of curcumin paste (2%) but without photoactivation. 
Group C included 7 patients who received OFD alone. Clinical evaluation included plaque index 
(PI), gingival bleeding index (BI), probing depth (PD) and clinical attachment level (CAL).  
Microbiological evaluation involved collection of gingival crevicular fluid (GCF) samples for total 
bacterial load (TBL) analysis by real-time PCR

Results: Regarding the percent change in PD and CAL, the greatest percent decrease value 
was recorded in group A while the least percent decrease was in group C. The difference between 
groups was statistically significant. Regarding percent change of TBL by time, the greatest percent 
decrease value was recorded in group A.

Conclusion: Within the limitations of our study,  the photoactivation of the curcumin used in 
conjunction with OFD lead to greater PD reduction, greater CAL gain and greater TBL reduction 
when compared to OFD alone or OFD with curcumin without photoactivation. 
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INTRODUCTION 

Periodontal disease represents an infection 
where large number of microorganisms of different 
species share in its etiology (Rivera et al 2013). 
The periodontal pathogens are present in biofilms 
which are complex communities of microorganisms 
attached to the tooth surface (Kommerein et al 
2017). The biofilm structure allows the pathogen to 
survive and resist antimicrobials (Koo et al 2017). 
Although the initiation of periodontal diseases is 
caused by microorganisms, the outcome is much 
affected by the immune response of the patient (Page 
et al 1997).The basic approach for management of 
periodontal diseases is the non-surgical mechanical 
removal of plaque and calculus by supragingival 
and subgingival scaling followed by root planing 
(Greenstein 2000, Heitz-Mayfield & Lang 2013). 
Although significant improvement of many clinical 
parameters and biological markers of periodontal 
diseases have been achieved via scaling and root 
planing (Bender et al 2006, Flemmig &Beikler 
2011) but the complete eradication of the bacteria 
and bacterial toxins is so difficult to be reached 
(Adriaens & Adriaens 2004). The presence of deep 
pockets, irregular complicated root anatomies and 
the presence of bacteria inside the tissues through 
bacterial invasion may compromise the efficiency 
of scaling and root planing (Heitz-Mayfield & Lang 
2013, How et al 2016). The use of complimentary 
antimicrobials systemically has been tried in many 
resistant cases. However, the use of systemic 
therapy is usually associated with potential side 
effects as allergy, gastrointestinal disturbances and 
bacterial resistance (Lopez et al 2000, Haffajee 
2006, Woodford & Ellington 2007). Moreover, in 
many cases the antibiotic concentration that reaches 
the gingival crevicular fluid (GCF) after systemic 
administration may be insufficient to inhibit the 
subgingival periopathogens (Darveau et al 1997).

Recently alternative therapeutic approaches 
have been introduced in the field of periodontics 
to control periodontal diseases with the aim of 

eradication of the periodontal pathogens. Among 
these approaches is the antimicrobial photodynamic 
therapy. The antimicrobial photodynamic therapy 
(A-PDT) is a safe, simple, effective and non-invasive 
modality in the management of periodontal diseases 
(Fekrazad et al 2017). The A-PDT is also known as 
photoactivated disinfection and photochemotherapy 
and was first presented by “Niels Finsen” a Danish 
physician in the management of skin tubercular 
condition called lupus vulgaris (Deniell & Hill 1991). 
Contemporary A-PDT involves the application of a 
photosensitizer and its activation by a light source 
which have a specific wavelength that corresponds 
to the photosensitizer absorption maximum which 
in turn exerts antimicrobial effect (Abrahamse & 
Hamblin 2016). The use of A-PDT in dentistry is 
growing rapidly and many applications have been 
tried. It has been applied in management of many 
cancerous lesions and different infections specially 
the resistant cases (Kornman et al 1997, Wainwright 
1998, Sharwani et al 2006). The adjunctive use of 
A-PDT with non-surgical scaling and root planning 
for management of periodontitis has resulted in 
significant improvement in the clinical periodontal 
parameters (Andersen et al 2007, Alwaeli et al 
2015, Malgikar et al 2016, Azaripour et al 2018). 
In addition to being non-invasive simple therapeutic 
approach, A-PDT is not associated with the 
bacterial resistance or the side effects associated 
with systemic antibiotics (Hamblin et al 2004). The 
action of A-PDT on microorganisms is mainly lethal 
rather than growth inhibition thus the appearance 
of resistance strains to A-PDT is rare (Konopka 
& Goslinski 2007, Costa et al 2011, Parker 2013, 
Kashef & Hamblin 2017). Also A-PDT can exert 
a detoxifying effect on bacterial LPs making the 
endotoxin unable to activate pro-inflammatory 
cytokines production by immune cells (Komerik et 
al 2000). The reaction associated with A-PDT occurs 
in limited space and for short time causing localized 
limited time response affecting the periopathogen 
without imposing any damage to the host cells owing 
to the protective presence of keratin (Rajesh 2011, 
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Parker 2013). Moreover, A-PDT may accelerate 
the healing of periodontal tissue following scaling 
and root planning through stimulation of fibroblasts 
proliferation, collagen formation, new capillaries 
and bone formation (Konopka & Goslinski 2007, 
Nesi-Reis et al 2018).

Basically, A-PDT depends on a light source and 
a photosensitizer in the presence of oxygen (Meyer-
Betz et al 1913).The light source is of utmost 
importance in A-PDT. Light between 630-700 nm 
has the power to activate photosensitizers (Grant et 
al 1997, Salva 2002). The helium-neon laser and 
argon laser are among the most common light sources 
in A-PDT (Juzeniene et al 2004). Sometimes light 
application induces heat generation at the site being 
treated but the application of liquid photosensitizers 
with lasers of low power level can manage this 
problem (Chen et al 2001, Chen et al 2002, Boehm 
& Ciancio 2011). Being small size devices already 
present in each dental clinic and cheaper than laser 
devices, the light-emitting diodes (LED) have been 
applied in A-PDT as a non-laser light source for the 
photosensitizer activation (Takasaki et al 2009). 
The LED which is commonly present in dental 
clinics for curing composite resin have showed a 
phototoxic effect on periodontal pathogens at 400-
500 nm (Feuerstein et al 2004). The broad band 
blue light sources (LED) at 380-520 nm can exert 
lethal action on black pigmented bacteria (Soukos 
et al 2005). Previous studies prove that LED in 
conjunction with a photosensitizer can significantly 
reduce bacterial load in periodontal pocket serving 
as a non-invasive antibacterial modality (O’Neill et 
al 2002, Komerik & MacRobert 2006).

Potential risks associated with A-PDT can 
be related to the photosensitizer used (Takasaki 
et al 2009, Rajesh et al 2011).  Thus, in A-PDT 
it is highly important to use photosensitizers 
that allow killing the periopathogens without 
negatively affecting normal tissues (Bhatti et al 
1998, Takasaki et al 2009, Rajesh et al 2011). The 
most popular photosensitizers used in the medical 

field are related to furocoumarins, tetrapyrroles 
and tricyclic dyes (Malik et al 2010). In A-PDT 
toluidine blue and methylene blue are the most used 
photosensitizers having similar physical, chemical 
criteria and having potent antibacterial actions 
(Lambrecht et al 1991, Millson et al 1996).Many 
of the photosensitizers have inherent antimicrobial 
activity but the bactericidal effects appear mainly 
after light activation (Kolenbrander 2000).

Turmeric (Curcuma Longa) was primarily 
known as a spice in food, coloring agent and among 
the home remedies (Ammon et al 1992). Many 
studies examined curcumin; the main bioactive 
yellow component of turmeric and showed many 
biological actions related to it. Curcumin has 
anti-inflammatory, antioxidant, anticarcinogenic, 
antidiabetic, antibacterial, antiviral and antifungal 
actions (Lampe & Milobedzka 1913, Chattopadhyay 
et al 2004, kim et al 2005, Gulcubuk et al 2006, 
Jurenka 2009, Mun et al 2009, Moon et al 2010). 
Moreover, it stimulates new angiogenesis and 
collagen formation enhancing the healing of wounds 
(Komerik & Wilson 2002). Studies documented that 
curcumin can be used as a potent photoactivatable 
material (Vera-Ramirez et al 2013, Wright et al 
2013). It can be considered an ideal photosensitizer 
since its potential of singlet oxygen formation with 
excellent tissue biocompatibility and tolerability if 
ingested (Hatcher et al 2008, Araujo et al 2012). 
Significant antibacterial action of photoactivated 
curcumin has been reported in many previous studies 
(Araujo et al 2012, Paschoal et al 2013) through 
the formation of free radicals and reactive oxygen 
species promoting the phototoxicity (Chignell et al 
1994, Khopde et al 2000). The antibacterial action 
of curcumin on the periodontal pathogens has been 
documented (Mahdi et al 2015).

Curcumin activity ranges from bacteriostatic to 
bactericidal for different pathogenic Gram-positive 
and Gram-negative bacteria (Negi et al., 1999; 
Magesh et al., 2013; Packiavathy et al., 2014). 
Curcumin inhibits Streptococcus mutans biofilm 
formation and  suppress the bacterial attachment 
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to teeth surfaces (Hu et al., 2013a). Furthermore, 
bacterial membrane permeability with subsequent 
bacterial  permanent damage can be induced by 
curcumin (Tyagi et al., 2015).  Studies showed that  
curcumin inhibited the growth of many periodontal 
pathogens;  Prevotella intermedia, Prophyromonas 
gingivalis,  Fuso- bacterium nucleatum, and Trepo-
nema denticola (Bhatia et al., 2014; Izui et al., 
2016). Moreover, Curcumin can be a potent host 
modulatory agent in periodontal disease manage-
ment through its inhibitory effects on many cyto-
kines which play an important role in the periodon-
tal disease pathogenesis (Ranjan et al., 2004; Cho 
et al., 2007; Fahey et al., 2007; Cohen et al., 2009; 
Bakir et al., 2016). Additionally, curcumin inhibits 
lipopolysaccharide (LPS)-induced COX-2 expres-
sion, leading to a decreased synthesis of prosta-
glandin (PGE2), which is an important  stimulator 
of bone resorption in periodontal diseases (Hong  
et al., 2004)

Periodontal open flap debridement (OFD) is 
a commonly used surgical periodontal treatment 
modality that allows enhanced visibility and 
accessibility for precise scaling and root planing 
in complicated cases resistant to conventional non-
surgical periodontal treatment (Kaldahl et al 1988, 
Canakci & Canakci 2007). It allows better removal 
of plaque, bacterial endotoxins and diseased 
granulation tissue but without total eradication of 
the microorganisms in the diseased site (Schenk et 
al 2000, Carranza & Takei 2010).

To the best of our knowledge, the use of 
curcumin/A-PDT in conjunction with OFD with 
clinical and microbiological assessment has not 
yet been evaluated in previous studies. Thus, tak-
ing in consideration the significant antibacterial, 
host modulatory effects and the photoactivatable 
potential of curcumin, our study was carried out to 
evaluate the use of photoactivated curcumin in con-
junction with OFD aiming to introduce an alterna-
tive modality for treating deep periodontal pockets 
which may enhance the clinical and microbiological 
treatment outcomes.

AIM OF THE STUDY

The aim of the study was to evaluate the effect 
of using A-PDT with curcumin (photosensitizer) 
in conjunction with OFD in the treatment of deep 
periodontal pockets. The primary objective was the 
clinical evaluation via assessment of the changes 
in clinical periodontal parameters. The secondary 
objective was the quantification of the pocket total 
bacterial load by Real-Time PCR. 

SUBJECTS AND METHODS

Twenty one patients were selected according 
to the study inclusion and exclusion criteria from 
the clinic of oral diagnosis, faculty of dentistry, Ain 
Shams University.  The study was conducted in the 
form of PICO question (Patient “P”, Intervention 
“I”, Comparative “C”, Outcome “O”). (Stone 
2002) “P”: Patient in the study should have peri-
odontitis with at least single posterior true periodon-
tal pocket of probing depth (PD) ≥ 5mm and clinical 
attachment level (CAL) ≥ 3mm.    “I”: Application 
of A-PDT using LED and curcumin in conjunc-
tion with OFD. “C”: OFD+Curcumin , OFD alone. 
“O”: clinical & microbiological outcomes. The 
study protocol was explained to the patients. All the 
patients signed an informed consent and were able 
perform proper home plaque control measures and 
showed good compliance with the study steps. The 
research ethics committee in the faculty of dentistry 
, Ain Shams University had  reviewed and  accepted 
the study treatment procedures ; approval number 
FDASU-Rec IM091605.

Inclusion criteria: Male or female, age range 
35-45 years, systemically healthy according to 
burket’s oral health history questionnaire (Glick 
et al 2008) and able to show again for follow-up. 
The patient should have at least single posterior 
periodontal pocket with PD ≥ 5mm and CAL ≥ 3mm 
evaluated 2 weeks after the conventional (phase one) 
periodontal therapy and associated with horizontal 
bone loss radiographically on bitewing films.  On 
the day of surgery, beside the aforementioned PD 
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and CAL, the patient should have plaque index ≤1 
(Silness & Loe, 1964) and gingival bleeding index 
≤1 (Loe & Silness 1967). Patients with large carious 
lesions or any periapical infections, smokers, 
pregnant females, patients with history of antibiotics 
or history of periodontal surgery the last six months 
were all excluded from the study (Haffajee et al 
2003, Novak & Novak 2010).

Patients grouping: Patients were allocated 
randomly by computer (Quick Calcs; GraphPad 
Software) into 3 groups. Group A included 7 
patients who received open flap debridement 
(OFD) in conjunction with A-PDT using LED and 
curcumin paste (2%) as a photosensitizer. Group 
B included 7 patients who received OFD followed 
by application of curcumin paste (2%) but without 
photoactivation. Group C included 7 patients who 
received OFD alone. 

Preparation of 2% curcumin gel by simple 
dispersion method:  Carbopol-940 was soaked 
in purified water containing 0.2% w/v sodium 
benzoate overnight. Using tissue homogenizer 
hydroxypropyl methylcellulose (HPMC) solution 
was mixed in propylene glycol. 2 mg of curcumin 
(Sigma Aldrich, St.louis, MO) was transferred 
into HPMC solution and homogenized. This drug 
solution was transferred to carbopol solution and 
homogenized. Triethanolamine was added quantity 
sufficient (q.s.) to neutralize the PH. Then, distilled 
water was added to make q.s. to 100 ml. The gel 
was stored at ambient temperature and protected 
from light. The formulation of 2% curcumin gel was 
prepared in faculty of pharmacy, Tanta University. 
This preparation showed increased bioavailability 
and a higher percentage of drug diffusion and good 
rheological and texture properties (Sharma et al 
2012, Hosadurga et al 2014). 

Pre-operative preparation of the patients: 
Phase 1 periodontal treatment including non-
surgical supragingival, subgingival scaling and root 
planing was performed to all patients in the study 
2 weeks before the day of surgery. Both ultrasonic 
scaling* and manual curettes** had been used. Oral 
hygiene instructions were given to all patients. 

Surgical therapy (Open flap debridement 
OFD): (Figure 1) After administration of local 
anesthesia***, intrasulcular buccal and lingual 
incisions were performed at the defect site 
extending one tooth mesial and one tooth distal to 
the defect in the three groups. This was followed 
by reflection of full thickness flap buccally and 
lingually exposing 3 mm of alveolar bone. Scalers, 
curettes and ultrasonic scalers were used for 
removal of plaque, calculus and any granulation 
tissues.  After thorough debridement and saline 
irrigation, placement of cotton rolls for isolation was 
performed.  Application of curcumin paste was then 
performed in group A followed by LED**** activation 
for 5 minutes while in group B application of the 
curcumin paste alone was performed without light 
activation. In group C , OFD was performed alone 
without curcumin or light application. Interrupted 
sutures using 4/0 polypropylene***** was then 
performed.   Postoperative medications were then 
prescribed to all patients.  Antibiotic : Amoxicillin/ 
Clavulanic acid  orally 1gm every 12 hours for 7 
days (Hibiotic, Amoun pharmaceutical, Egypt), 
Metronidazole 500 mg orally tab every 12 hours for 
7 days (Amrizole, pharco pharmaceutical, Egypt) 
; Anti-inflammatory: diclofenac potassium 50 mg 
tab every 8 hours for 3 days (Cataflam, Novartis, 
Egypt) and anti-edematous: chymotrypsin-trypsin, 
1 tablet 3 times daily for 3 days (Alphintern, Amoun 
pharmaceutical, Egypt). All patients received 

* NSK, ultrasonic scaler , Japan
** Hu-Friedy, universal curette, USA
***  Artinibsa, Inibsa, Spain
**** Woodpecker LED.D light cure unit, CHINA
***** D-tek sutures, Cyprus
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postoperative instructions including rinsing with 
0.12% chlorhexidine (Hexitol, ADCO, Egypt)  twice 
daily for 2 weeks. Sutures were removed 2 weeks 
after the surgery.  Phase 1 periodontal treatment, 
the surgical procedure, clinical measurements and 
bacterial sampling were performed by the author. 

Clinical evaluation:  Included plaque index 
(PI), gingival bleeding index (BI), probing depth 
(PD) and clinical attachment level (CAL).  Plaque 
Index (PI) (Silness & Loe, 1964) as follows, 0: 
Gingival area of the tooth free of plaque, 1: No 
plaque is observed in situ by the unaided eye, but 
plaque is made visible on the tip of a probe after 
a probe has been moved over the tooth surface at 
the entrance of the gingival crevice, 2: Gingival 
area covered by a thin to moderately thick layer 
of plaque visible to the naked eye,  3: Heavy 
accumulation of soft matter, the thickness of which 
fills the gingival crevice. Gingival Bleeding Index 
(BI) (Loe & Silness 1967) as follows, 0 = Normal 
gingiva, 1 = Mild inflammation - slight change in 
color, slight edema, no bleeding on probing. 2 = 
Moderate inflammation - redness, edema, glazing, 
bleeding on probing. 3 = Severe inflammation - 
marked redness and edema, ulceration, tendency 
toward spontaneous bleeding. The bleeding was 
assessed by probing gently along the wall of soft 
tissue of the gingival sulcus. Probing pocket 
depth (PD) (Caton, 1989); was measured from 
the gingival margin to the base of the periodontal 
pocket to the nearest mm using periodontal probe. 
Clinical attachment level (CAL) (Glavind & Loe, 
1967); was measured from the cemento-enamel 
junction (CEJ) to the base of the periodontal pocket 
to the nearest mm using periodontal probe. All 
measurements were taken using Williams graduated 
periodontal probe.  All the above parameters were 
measured the day of the surgery just before starting 
the surgery (Baseline; PI1, BI1, PD1, CAL1) and 3 
months following the periodontal surgery (Follow 
up; PI2, BI2, PD2, CAL2) (Azaripour et al 2018).

Microbiological evaluation: Involved collection 
of gingival crevicular fluid (GCF) samples for 

total bacterial load (TBL) analysis by real-time 
PCR (Theodoro et al 2012, Carneiro et al  2014). 
This was performed the day of the surgery just 
before starting the surgery (Baseline sample) and 
1 month following the periodontal surgery (Follow 
up sample)  (Magnusson et al 1984, Mombelli 
2018). Before GCF collection, the site was isolated 
with cotton rolls and supragingival plaque was 
removed gently then the site was dried with gentle 
stream of air to avoid saliva contamination. Three 
endodontic paper points size 35 (Metabiomed, 
Korea ) were gently placed in the gingival sulcus 
till minor resistance was felt and left in place for 30 
seconds (Wassall et al  2016) then the paper points 
was transferred to an eppendorf tube containing 
1.5 ml of phosphate buffered saline(7.4 PH) as 
a reduced transport medium (Syed & Loesche 
1972). The transport medium preserves the sampled 
microorganisms. The sample was stored at -80o C 
freezer till analysis. 

Measurement of microbial DNA using 
quantitative Real time PCR (qPCR): The real time 
PCR was performed in “Global laboratories”, Cairo, 
Egypt.  Microbial DNA was extracted from GCF 
using Microbial DNA qPCR kit (Qiagen, Hilden, 
Germany). The bacterial DNA was extracted using 
DNA extraction and purification kit “QIAamp UCP 
Pathogen Mini Kit” (Qiagen, Hilden, Germany), 
then the concentration and purification was detected 
by determination of the A260/ A280 ratio. For 
amplification of microbial genes, a 25 µl of reaction 
mix was prepared for each sample, it consists of 12.5 
µl Microbial qPCR Mastermix, 1 µl Microbial DNA 
qPCR assay sequence, 3 µl of genomic DNA and 
3.5 µl of Microbial DNA-free water. The cycling 
protocol consists of (1): Initial PCR activation step 
at 95°c for 10 minutes, (2): two cycling step for 40 
cycle, each cycle consists of 15s at 95°c for DNA 
denaturation and 60°c for 2 minutes for primer 
annealing and extension. The amplification was 
performed using StepOne PCR instrument (Applied 
Biosystems, USA). For validation of the results, No 
Template Control (NTC), Microbial DNA Positive 
Control and Microbial DNA negative control was 
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amplified parallel to the unknown sample. The 
calculation of bacterial load in each sample was 
determined using the Cycler specific software. 

Statistical analysis was performed using a 
commercially available software program (SPSS 
18; SPSS, Chicago, IL, USA). Data were explored 
for normality using Kolmogorov-Smirnov test of 
normality. Values of PI and BI were non-parametric 
and were expressed as median and range and 
compared between groups using Kruskall Wallis, 
while Wilcoxon-signed Rank test was used for 
intragroup comparisons. Values of PD, CAL, 
TBL and percent change of these parameters were 
normally distributed and were presented as mean, 
standard deviation (SD) and confidence intervals. 
ANOVA test was used for comparison between 
groups and was followed by Tukey’s post hoc test if a 
significant difference was detected between groups. 
Paired (dependent) t test was used to compare 
baseline   and follow-up values. The percentage of 
change was calculated by the following formula and 
the level of significance was set at P ≤ 0.05.

Value after-value before
X100

Value before

 RESULTS

I-Plaque index (PI) and bleeding index (BI) 

I-a-Comparison between groups 

Plaque index: At Baseline, Score 0 was re-
corded in all cases in the 3 groups, with no statisti-
cally significant difference (p=1). At follow-up, all 
groups showed a median value of 0, ranging from 0 
to 1, with no significant difference between groups 
(p=0.815). Bleeding index: At Baseline, Group 
A&B recorded a median value=1, ranging from 0 to 
1; while group C recorded a median value=0, rang-
ing from 0 to 1, with no statistically significant dif-
ference between groups (p=0.834). At follow-up, all 
groups showed a median value of 0, ranging from 0 
to 1, with no statistically significant difference be-
tween groups (p=1). (table  1,2)

I-b- Intragroup comparison 

Plaque index: In each group, the median 
value was=0 at baseline and at follow up, with no 
significant difference between baseline and follow-
up. Bleeding index: In group A&B, the median 
value was=1 at baseline and decreased to 0 at follow 
up, with a range between 0 and 1 in both observation 

Fig. (1) 
a. PD/CAL evaluation
b. Horizontal defect
c. Curcumin Application
d. LED photoactivation
e. Interrupted sutures
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times, with no significant difference between 
baseline and follow-up. Group C recorded at median 
of =0, ranging from 0 to 1in both observation times, 
with no significant difference between baseline and 
follow-up. (table 1,2)

TABLE (1) Descriptive statistics [median (min, 
max.)] and comparison of PI and BI 
(Wilcoxon-signed Rank test for intragroup  
and Kruskall Wallis test for intergroup 
comparison) 

Baseline Follow up P (intragroup)

PI

Group A 0 (0,0) 0 (0,1) .157 ns

Group B 0 (0,0) 0 (0,1) .083 ns

Group C 0 (0,0) 0 (0,1) .157 ns

P (intergroup) 1ns 0.815ns

BI

Group A 1 (0,1) 0 (0,1) .157 ns

Group B 1 (0,1) 0 (0,1) .157 ns

Group C 0 (0,1) 0 (0,1) .317 ns

P (intergroup) 0.834 ns 1 ns

Significance level p≤0.05, ns=non-significant

II- Probing depth (PD) and Clinical Attachment 
level (CAL)

II-a-Comparison between groups 

Probing depth: At baseline, there was no 
significant difference between groups (p=0.91). At 
follow up, the highest mean value was recorded in 
group C, followed by group B, with the least mean 
value recorded in group A. ANOVA test revealed 
a significant difference between groups (p=0.00). 
Tukey’s post hoc test showed that the difference 
between each 2 groups was statistically significant. 
Regarding PD at follow up, the mean difference 
between groups A&B was [-2 (confidence Interval 
-3.29 to -0.71)], with a statistically significant 
difference (p=0.003).  The mean difference between 
groups A&C was [-3.86 (confidence Interval -5.15 
to -2.57)], with a statistically significant difference 
(p=0.00).  The mean difference between groups 
B&C was -1.86 (confidence Interval -3.15 to -0.56)], 
with a statistically significant difference (p=0.005). 
(Fig.2, Table 3,4)

TABLE (2) Mean difference and confidence intervals of difference between groups regarding the PI and BI

Variable (I) Groups (J) Groups Mean Difference 
(I-J)

95% Confidence Interval
P

Lower Bound Upper Bound

 
PI 

baseline

Group A
Group B 0 0 0 1.000ns

Group C 0 0 0 1.000ns

Group B Group C 0 0 0 1.000ns

PI.
follow_up

Group A
Group B -.14286 -.8303 .5446 .858ns

Group C .00000 -.6875 .6875 1.000ns

Group B Group C .14286 -.5446 .8303 .858ns

BI
baseline

Group A
Group B .00000 -.7292 .7292 1.000 ns

Group C .14286 -.5863 .8720 .872 ns

Group B Group C .14286 -.5863 .8720 .872ns

BI
follow_up

Group A
Group B .00000 -.6657 .6657 1.000ns

Group C .00000 -.6657 .6657 1.000ns

Group B Group C .00000 -.6657 .6657 1.000ns

Significance level p≤0.05, ns=non-significant
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Clinical Attachment level: At baseline, there 
was no significant difference between groups 
(p=0.47). At follow up, the highest mean value was 
recorded in group C, followed by group B, with 
the least mean value recorded in group A. ANOVA 
test revealed a significant difference between 
groups (p=0.00). Tukey’s post hoc test showed 
that the difference between each 2 groups was 
statistically significant. Regarding CAL at follow 
up, The mean difference between groups A&B 
was [-1.71 (confidence Interval -2.8 to -0.62)], 
with a statistically significant difference (p=0.002).  
The mean difference between groups A&C was 

[-3.29 (confidence Interval -4.37 to -2.2)], with 
a statistically significant difference (p=0.00).  
The mean difference between groups B&C was 
-1.57 (confidence Interval -2.66 to -0.48)], with a 
statistically significant difference (p=0.005). (Fig.3, 
Table 3,4 )

II-b- Intragroup Comparison 

For groups A and B: The mean value significantly 
decreased after treatment (P=0.00 for PD and CAL), 
group C: The mean value significantly decreased 
after treatment (P=0.00 for PD and p=0.03 for CAL) 
(Table 5, Fig.2-3).

TABLE (3) Descriptive statistics  and comparison of PD and CAL between groups (ANOVA test)

                      

                     GROUP
Mean Std. Deviation

95% Confidence 
Interval for Mean

Min Max F P
Lower 
Bound

Upper 
Bound

PD

Baseline

A 7.29 1.11 6.26 8.31 6.00 9.00

.10 .91nsB 7.00 1.63 5.49 8.51 5.00 9.00

C 7.29 1.38 6.01 8.56 5.00 9.00

Follow_up

A 1.86c .38 1.51 2.21 1.00 2.00

29.04 .00*B 3.86b .99 2.94 4.77 2.50 5.00

C 5.71a 1.25 4.55 6.87 4.00 7.00

CAL Baseline

A 4.29 .95 3.41 5.17 3.00 5.00

.78 .47nsB 4.71 1.11 3.69 5.74 3.00 6.00

C 5.00 1.15 3.93 6.07 3.00 6.00

Follow_up

A 1.14c .69 .50 1.78 .00 2.00

29.78 .00*B 2.86b .90 2.03 3.69 1.50 4.00

C 4.43a .79 3.70 5.16 3.00 5.00

Significance level p≤0.05, *significant, ns=non-significant,      

Tukey’s post hoc test: Within the same comparison, means sharing the same superscript letter are not significantly different
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TABLE (4) Mean difference and confidence intervals of difference between groups regarding the PD and CAL

Dependent 
Variable (I) Groups (J) Groups Mean Difference

 (I-J)

95% Confidence Interval
PLower 

Bound Upper Bound

PD
baseline

Group A
Group B .28571 -1.6127 2.1841 .922ns

Group C .00000 -1.8984 1.8984 1.000ns

Group B Group C -.28571 -2.1841 1.6127 .922ns

PD
follow_up

Group A
Group B -2.00000* -3.2919 -.7081 .003*

Group C -3.85714* -5.1490 -2.5652 .000*

Group B Group C -1.85714* -3.1490 -.5652 .005*

AL
Baseline

Group A
Group B -.42857 -1.8970 1.0399 .741ns

Group C -.71429 -2.1828 .7542 .445 ns

Group B Group C -.28571 -1.7542 1.1828 .874 ns

AL
follow_up

Group A
Group B -1.71429* -2.8013 -.6273 .002*

Group C -3.28571* -4.3727 -2.1987 .000*

Group B Group C -1.57143* -2.6584 -.4844 .005*

Significance level p≤0.05,  *significant,  ns=non-significant    

TABLE (5) Comparison between baseline and follow up values of PD and CAL within each group 

Groups

Value Mean change from baseline 

t P
Baseline Follow-up Mean Std. Dev

95% C.I.

Lower Upper

Group A
PD 7.29±1.11 1.86±0.38 5.43 1.13 4.38 6.48 12.67 .00*

CAL 4.29±0.95 1.14±0.69 3.14 .90 2.31 3.97 9.24 .00*

Group B
PD 7.00±1.63 3.86±0.99 3.14 .80 2.40 3.88 10.37 .00*

CAL 4.71±1.11 2.86±0.9 1.86 .69 1.22 2.50 7.12 .00*

Group C
PD 7.29±1.38 5.71±1.25 1.57 .35 1.25 1.89 12.05 .00*

CAL 5.00±1.15 4.43±0.79 .57 .53 .08 1.07 2.83 .03*

Significance level p≤0.05,   *significant, 95%   C.I.=95%  Confidence Interval of the Difference
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II -c-Comparison of percent change in PD and 
CAL by time

Probing depth: The greatest percent decrease 
value was recorded in group A, while the least per-
cent decrease was in group C. ANOVA test revealed 
that the difference between groups was statistically 
significant (p=0.000). Post hoc test revealed a sig-
nificant difference between each 2 groups. Regard-
ing percent change from baseline for PD, The mean 
difference between groups A&B was [-29.00 (confi-
dence Interval -31.17 to -20.82)], with a statistically 
significant difference (p=0.00).  The mean differ-
ence between groups A&C was [-52.15 (confidence 
Interval -60.32 to -43.97)], with a statistically sig-
nificant difference (p=0.00).  The mean difference 
between groups B&C was -23.15 (confidence Inter-
val -31.33 to -14.97)], with a statistically significant 
difference (p=0.00). (Table 6,7)

Clinical Attachment level: The greatest per-
cent decrease value was recorded in group A, while 
the least percent decrease was in group C. ANOVA 
test revealed that the difference between groups 
was statistically significant (p=0.000). Post hoc test 
revealed a significant difference between each 2 
groups. Regarding percent change from baseline for 
CAL, The mean difference between groups A&B 
was [-33.93 (confidence Interval -51.4 to -16.46)], 
with a statistically significant difference (p=0.00).  
The mean difference between groups A&C was 
[-63.81 (confidence Interval -81.28 to -46.34)], 
with a statistically significant difference (p=0.00).  
The mean difference between groups B&C was 
-29.88 (confidence Interval -47.35 to -12.41)], 
with a statistically significant difference (p=0.001).  
(Table 6,7)

Fig. (2) Bar chart of mean PD at baseline and follow-up Fig. (3) Bar chart of  mean CAL at baseline and follow-up

TABLE (6) Comparison of percent change of PD and CAL  between groups (ANOVA test)

                      
                      

Group
Mean Std. Dev

95% Confidence Interval 
for Mean Min Max. F P

Lower Upper 

PD
A -74.04a 6.68 -80.21 -67.86 -85.71 -66.67
B -45.04b 5.98 -50.57 -39.51 -50.00 -33.33 133.02 0.00*
C -21.89c 5.23 -26.73 -17.05 -33.33 -18.75

CAL
A -73.81a 16.38 -88.96 -58.66 -100.00 -50.00 43.51 0.00*
B -39.88b 11.61 -50.62 -29.14 -50.00 -20.00
C -10.00c 9.43 -18.72 -1.28 -20.00 .00

Significance level p≤0.05, *significant   
Tukey’s Post hoc test: Within the same comparison, medians sharing the same superscript letter are not significantly different
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III- Total bacterial load (TBL)

III-a-Comparison between groups 

At baseline, there was no significant difference 
between groups (p=0.91). At follow up, the highest 
mean value was recorded in group C, followed 
by group B, with the least mean value recorded 
in group A. ANOVA test revealed a significant 
difference between groups (p=0.00). Tukey’s post 
hoc test showed that the difference between each 2 
groups was statistically significant Regarding TBL 
at follow up, the mean difference between groups 
A&B was [-1303.57(confidence Interval -1827.26 to 
-734.88)], with a statistically significant difference 
(p=0.00).  The mean difference between groups 
A&C was [-2782.14 (confidence Interval -3350.83 
to -2213.45)], with a statistically significant 
difference (p=0.00).  The mean difference between 
groups B&C was -1478.57 (confidence Interval 
-2047.26 to -909.88)], with a statistically significant 
difference (p=0.00). Regarding percent change of 

TBL by time, the greatest percent decrease value 
was recorded in group A, while the least percent 
decrease was in group C. ANOVA test revealed 
that the difference between groups was statistically 
significant (p=0.000). Post hoc test revealed a 
significant difference between each 2 groups 
. Regarding  the percent change of TBL from 
baseline, the mean difference between groups A&B 
was [-24.81(confidence Interval -30.07 to -19.55)], 
with a statistically significant difference (p=0.00).  
The mean difference between groups A&C was 
[-52.72 (confidence Interval -57.98 to -47.46)], 
with a statistically significant difference (p=0.00).  
The mean difference between groups B&C was 
-27.91 (confidence Interval –33.17 to -22.64)], 
with a statistically significant difference (p=0.00). 
(Table 8,9 )

III-b- Intragroup Comparison 

For the three groups, the mean value significantly 
decreased after treatment (P=0.00). (Table 10)

TABLE (7) Mean difference and confidence intervals of difference between groups regarding the percent 
change from baseline of PD and CAL 

Dependent 
Variable (I) Groups (J) Groups

Mean 
Difference

 (I-J)

95% Confidence Interval
Sig.Lower 

Bound Upper Bound

PD
Percent
change

Group A
Group B -28.99660* -37.1730 -20.8202 .000*

Group C -52.14569* -60.3221 -43.9693 .000*

Group B Group C -23.14909* -31.3255 -14.9727 .000*

AL
percent
change

Group A
Group B -33.92857* -51.3981 -16.4591 .000*

Group C -63.80952* -81.2790 -46.3400 .000*

Group B Group C -29.88095* -47.3505 -12.4114 .001*

Significance level p≤0.05, *significant   
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TABLE (8) Comparison of  values and percent change of TBL between groups (ANOVA test)

Mean Std. Devi

95% Confidence  
Interval for Mean Min Max F P

Lower Bound Upper Bound

Baseline

Group A 5321.43 623.07 4745.19 5897.67 4500 6000

.005
.995
ns

Group B 5335.71 680.51 4706.35 5965.08 4450 6100

Group C 5301.43 709.35 4645.39 5957.47 4500 6010

Follow up

Group A 1232.14c 278.66 974.43 1489.86 800 1500

78.049 .000*Group B 2535.71b 268.82 2287.10 2784.33 2150 3000

Group C 4014.29a 609.45 3450.64 4577.93 3000 4500

Percent 
change

Group A -77.07a 3.21 -80.04 -74.11 -82.22 -74.58

327.336 .000*Group B -52.26b 3.40 -55.41 -49.12 -55.96 -46.81

Group C -24.36c 4.77 -28.77 -19.94 -34.07 -20.00

Significance level p≤0.05, *significant, ns=non-significant, Tukey’s post hoc test: Within the same comparison, means 
sharing the same superscript letter are not significantly different

TABLE (9) Mean difference and confidence intervals of difference between groups regarding TBL and the 
percent change from baseline of TBL 

Variable (I) Groups (J) Groups
Mean Difference 

(I-J)

95% Confidence Interval
Sig.

Lower Bound Upper Bound

TBL  
baseline

Group A
Group B -14.28571 -930.9320 902.3605 .999ns

Group C 20.00000 -896.6463 936.6463 .998ns

Group B Group C 34.28571 -882.3605 950.9320 .995ns

TBL
Follow-up

Group A
Group B -1303.57143* -1872.26 -734.8835 .000*

Group C -2782.14286* -3350.83 -2213.4549 .000*

Group B Group C -1478.57143* -2047.26 -909.8835 .000*

Percent
TBL

Group A
Group B -24.812* -30.07 -19.55 .000*

Group C -52.717* -57.98 -47.46 .000*

Group B Group C -27.905* -33.17 -22.64 .000*

Significance level p≤0.05, *significant



(346) Ahmed Elsayed Hamed AmrE.D.J. Vol. 67, No. 1

DISCUSSION

The periodontal pocket harbors subgingivally 
large number of periodontal pathogens that some-
times resist conventional periodontal treatment and 
ordinary antimicrobials (Nakao et al 2011). Al-
though mechanical plaque control still is the gold 
standard in treating periodontal diseases, some 
limitations exists. The difficult accessibility to deep 
pockets and the presence of smear layer after in-
strumentation represents some of these limitations 
(Lopes et al 2008). Also the bacterial resistance to 
antibiotics that may be related to the constant ex-
posure to chemicals (Woodford & Ellington 2007) 
necessitates the need to find a different treatment 
modality to enhance the results of periodontal  
treatment.

Nowadays, different treatment modalities and 
materials have been introduced in dentistry for 
periodontal treatment. An alternative periodontal 
treatment modality with potent antimicrobial effect 
is the antimicrobial photodynamic therapy (A-PDT) 
(Wainwright 1998, Fekrazad et al 2017). Studies 
proved that A-PDT may enhance the results of 
periodontal treatment when used as adjunctive 
modality to periodontal debridement by augmenting 
bacterial eradication and decreasing the bacterial 
virulence (Rajesh et al 2011, Carrera et al 2016, 
Kashef & Hamblin 2017). The development of 

bacterial resistance to A-PDT seems unlikely as 
the A-PDT cause complete damage to the bacterial 
lipopolysaccharides and DNA not just inhibiting 
the bacterial growth (Konopka & Goslinski 2007, 
Costa et al 2011, Parker 2013, Kashef & Hamblin 
2017). Regarding the field of biomaterials used in 
periodontics nowadays, herbs and medicinal plants 
have been re-explored being economical, safe and 
effective in management of many oral diseases 
(Davies et al 2010, Palombo 2011, Maldupa et al 
2012). 

In the present study, curcumin had been selected 
to be used. Besides being anti-inflammatory, anti-
bacterial and safe natural material (Sharma et al 
2004, Jurenka 2009), it has many properties of an 
ideal photosensitizer for eradication of periodontal 
pathogens. It has the power to form singlet oxy-
gen in an aprotic environment while being highly 
biocompatible (Araujo et al 2012). Curcumin can 
absorb blue light and exert strong antibacterial and 
anti-inflammatory effects (Gupta et al 2013). It has 
maximum absorption at wavelength range 300-
500nm (Baltazar et al 2015, Pourhajibagher et al 
2016). The light source used in the present study was 
the light emitting diode (LED) in the wave length 
440-480 nm (visible blue light) routinely present 
in the dental clinic for curing of dental polymers 
(composite fillings). This was according to previous 

TABLE (10) Comparison between baseline and follow up of TBL within each group (paired t test)

Groups

Value Mean change from baseline

t P
Baseline Follow-up Mean Std. Dev

95% C.I.

Lower Upper

Group A 5321.43±623.07 1232.14±278.66 4089.29 381.84 3736.14 4442.43 28.33 .00*

Group B 5335.71±680.51 2535.71±268.82 2800.00 478.71 2357.26 3242.74 15.48 .00*

Group C 5301.43±709.35 4014.29±609.45 1287.14 263.93 1043.05 1531.23 12.90 .00*

Significance level p≤0.05,  *significant, 95%   C.I.=95% Confidence Interval of the Difference
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in-vitro studies that showed that this light can acti-
vate the curcumin and result in high bacterial reduc-
tion with 5 minutes irradiation time (Paschoal et al 
2013, Mahdi et al 2015). The light source was held 
as close as possible to the surgical site to achieve 
constant power density (Mahdi et al 2015). To the 
best of our knowledge, the present study was the 
first to evaluate the clinical and microbiological ef-
fectiveness of A-PDT using curcumin and LED as 
an adjunctive modality with OFD in the manage-
ment of periodontitis. The present study hypoth-
esized that A-PDT with curcumin in conjunction 
with OFD could lead to more improvement in  the 
clinical periodontal parameters in addition to great-
er  decrease in the subgingival microbial load when 
compared to OFD alone. 

Strict patient selection criteria were used in the 
present study to minimize the variables that may 
have an effect on the results. All the patients were 
selected to have periodontitis with at least one true 
periodontal pocket with probing depth greater than 
or equal 5mm to justify the open flap debridement. 
According to many studies, the presence of residual 
pockets more than or equal 5mm after conventional 
phase 1 therapy is a risk factor for relapse of the 
treatment and further disease progression and thus 
is a clear indication for surgical periodontal therapy 
(Lindhe et al 1982,Claffey et al 1990, Claffey & 
Egelber 1995, Matuliene et al 2008). The present 
study included periodontal pockets with signs of 
horizontal bone loss on radiographic examination 
and thus regenerative procedures were not required 
and no need for radiographic follow-up. Intraoral 
bitewing radiographs were used in this study for 
the detection of interproximal horizontal bone loss. 
Previous studies showed that the geometric distortion 
is minimized   in bitewing radiograph, thus it is a 
good option to detect alveolar bone level changes 
(Pepelassi et al 2000, Gedik et al 2008, Kim et al 
2008). All patients in our study were medically free in 
order to avoid any systemic disorder or medications 
that may affect the periodontal wound healing. 
Smokers and pregnant females were excluded 

from the present study since previous studies have 
shown that smokers may show different response 
to periodontal treatment and different subgingival 
flora compared to non-smokers (Page & Kornman 
1997, Johnson & Hill 2004) while pregnancy may 
alter the inflammatory response and progression of 
periodontal disease without significant concomitant 
change in plaque index (Gursoy et al 2008, Carrillo 
et al 2010). The concept of local drug delivery at 
the periodontal defect allow the achievement of 
sufficient concentration of the drug at the treated 
site compared to systemic administration in addition 
to decreased side effects , dosages and increased 
patient compliance ( Soskolne 1997, Jorgensen 
& Slots 2000). The curcumin locally-placed in the 
surgical site can easily access the root and bone 
surface after mechanical debridement (Andersen et 
al 2007). 

Bacterial evaluation was performed in the 
present study as the bacteria are considered the most 
important risk factor of the periodontal disease; and 
there is a strong correlation between the bacterial 
markers and progression of the periodontal diseases 
(Slots &Chen 1999; Charalampakis et al 2013). 
The PCR is among the most sensitive and rapid 
methods for assessment of periodontal pathogens 
prevalence (Ashimoto et al 1996, Sakamoto et 
al 1999). Real-Time PCR for quantification of 
the total bacterial load was the selected method 
in this study for bacterial evaluation regarding 
its speed, accuracy, sensitivity, repeatability and 
no cross-reactivity with non-target organisms. It 
easily quantifies uncultivable, slowly growing and 
fastidious strains (Loozen et al. 2011, Clais et al. 
2015). Endodontic paper points was used in the 
present study for gingival  crevicular fluid (GCF) 
collection as it is  an easy, rapid, non-technique 
sensitive  and precise method for GCF collection in 
compare to micropipettes  or the washing technique 
(Majeed et al., 2016). The 3-months follow-
up period to reevaluate the clinical periodontal 
parameters was selected in our study since 
previous studies showed that A-PDT when used 
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as adjunct treatment to mechanical debridement in 
periodontitis has a significant effect on PD and CAL 
changes at 3-month follow-up than 6-month follow-
up (Azaripour et al 2018). The 1-month follow-up 
period for microbial re-sampling was selected in 
our study as previous studies showed that microbial 
re-colonization of the pocket after therapy may 
occur by time (Mombelli 2018). Studies showed 
that if oral hygiene was not ideal after treatment, 
microbial community to great extent similar to that 
present before the treatment may reappear.  Re-
sampling the subgingival microbiota revealed the 
reappearance of large number of motile rods and 
spirochetes in the pocket 8 weeks after periodontal 
treatment (Magnusson et al 1984).

Statistical analysis showed no significant 
difference between groups in all the clinical 
parameters (PI, BI, PD, CAL) at the base line, a 
finding that ensured comparable treatment outcomes 
at the follow up. Intragroup statistical analysis of 
the PI showed that from baseline to 3 months, in 
each group of the three treatment modalities, there 
was no significant difference between baseline and 
follow-up. The area under test was free of plaque 
at the beginning and the end of the study. Patients 
were kept under strict maintenance program 
and performed proper oral hygiene so plaque 
accumulation was minimal. This allowed proper 
evaluation of the treatment modalities excluding 
any additional plaque-inflammatory reactions that 
could affect treatment outcomes. Regarding the BI, 
in group A&B, the median value was=1 at baseline 
and decreased to 0 at follow up and   intragroup 
comparison revealed no significant difference 
between baseline and follow-up in each of the three 
groups.  The slight reduction in bleeding index in 
group A and B although non-significant may be 
related to the effect of thorough debridement and 
removal of local factors which lead to decrease in 
inflammatory mediators and in turn decrease in 
bleeding on probing. This is in accordance with 
previous studies ( Lindhe et al 1984, Yilmaz et al 
2002, Carvalho et al 2015). Moreover in group A, 

the A-PDT used has been shown to reduce bleeding 
on probing in previous studies (Sigusch et al 2005, 
Chondros et al 2009, Teymouri et al 2016). While in 
group B, curcumin has the ability to reduce edema, 
inflammation and bleeding (Hosadurga et al 2014).

Intragroup statistical analysis showed significant 
decrease in the PD and CAL after treatment in 
the three groups. This was in accordance with 
previous studies that showed that proper OFD with 
removal of root surface irritants and subgingival 
microbiota has a great impact on periodontal clinical 
parameters irrespective of the adjunctive treatment 
modality used. Resolution of inflammation and 
the postsurgical shrinkage of the gingival lead to 
PD reduction and CAL gain with long junctional 
epithelium formation (Reynolds et al 2003, 
Carranza et al 2006, Becerik 2011, Graziani et al 
2012). In group A, the A-PDT may have augmented 
the PD reduction and CAL gain as many previous 
studies documented that when A-PDT was added 
to conventional SRP better improvement in PD and 
CAL was achieved ( Al-zahrani & Austah 2011, 
Birang et al 2015, Alwaeli et al 2015,  Malgikar 
et al 2016).  In addition a systematic review and 
meta-analysis by Azaripour  in 2018 concluded 
that A-PDT when used as adjunct treatment to 
SRP in chronic periodontitis treatment, it has a 
significant effect on PD reduction and CAL gain at 3 
months follow-up. In group B, curcumin may have 
enhanced the PD reduction and CAL gain owing to 
its antibacterial effect, wound healing stimulatory 
effects (Komerik & Wilson 2002, Magesh et al 
2013, Packiavathy et al 2014) and host modulatory 
effects reported in previous studies (Cho et al 2007, 
Bakir et al 2016).

Regarding the comparison of percent change in 
PD and CAL by time in the three groups, the greatest 
PD & CAL percent decrease value was recorded 
in group A while the least percent decrease was 
in group C and there was a significant difference 
between each 2 study groups.     In group A the mean 
percent change in PD is -74.04 and the mean percent 
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change in the CAL is      -73.81 (attachment gain 
73.81%) while in group C the mean percent change 
in PD is -21.89 and the mean percent change in the 
CAL is -10.00 (attachment gain 10%). To the best 
of our knowledge, no previous studies evaluated 
A-PDT with curcumin in conjunction with OFD. 
The greater PD reduction and CAL gain in group 
A may be related to the production of singlet 
oxygen and other highly reactive products from 
curcumin on light activation exerting strong anti-
inflammatory and antibacterial effects (Dougherty 
et al 1998, Sharman et al 1999, Cheng et al 2001, 
Gupta et al 2013). Comparing group  B to group 
C, in group B the mean percent change in PD is 
-45.04 and the mean percent change in the CAL 
-39.88 ( attachment gain 39.88%) while in group C 
the mean percent change in PD is -21.89 and the 
mean percent change in the CAL is      -10.00 ( 
attachment gain 10%). The greater PD reduction 
and CAL gain in group B was in accordance with 
previous studies which tested curcumin as an 
adjunct to SRP. Suhag et al in 2007 reported that 
subgingival irrigation with 1 % curcumin solution 
lead to greater reduction in bleeding on probing 
and PD compared to chlorhexidine. Many other 
studies reported the beneficial role of curcumin in 
enhancing the periodontal clinical parameters when 
used as an adjunct to periodontal treatment as mouth 
wash or subgingival irrigation (Muglikar et al 2013, 
Gottumukkala et al 2013, Bhatia et al 2014, Anitha 
et al 2015). This could be explained by curcumin 
ability to stimulate cellular proliferation and wound 
healing beside inhibition of periodontal pathogens 
and pro-inflammatory cytokines (Sidhu et al 1998, 
Singh et al 2002, Kim et al 2012).  Comparing group 
A to group B, the greater PD reduction and CAL 
gain in group A could be attributed  to the A-PDT 
used in conjunction with the curcumin in group A 
while group B involves the use of curcumin without 
photoactivation. Kolenbrander 2000 reported that 
many photosensitizers have inherent antimicrobial 
potential but their bactericidal effect is potentiated 
by light activation. Although curcumin alone 

without photoactivation can exert many biological 
actions but several studies showed that it is highly 
antibacterial when light activated (Deodhar et al 
1980, Cheng et al 2001). The results of our study 
was in accordance with a study by Sreedhar et al 
in 2015 which compared the efficiency of curcumin 
gel with versus without photoactivation as an 
adjunct to SRP and concluded that photoactivation 
of curcumin with light 470nm raise the beneficial 
effect of curcumin and the effect is further enhanced 
when PDT was multiply applied.

Regarding the bacterial evaluation, intragroup 
statistical analysis revealed that significant reduction 
in the total bacterial load (TBL) occur in each group 
after treatment. This is basically related to the OFD 
surgery which leads to significant bacterial reduction 
in the periodontal pockets according to many studies 
(Levy et al 2002, Kyriazis et al 2013, Checchi 
& Pascolo 2018). Regarding the mean percent 
change in the TBL, significant difference was found 
between each two groups in the study. Comparing 
group A to B, greater reduction was noticed in 
group A, this could be related to the additional 
effect of light activation on the curcumin in group 
A and this was in accordance with Sreedhar et al 
2015.  Comparing group B to C, greater reduction 
was noticed in group B which can be explained by 
previous studies that  reported  that curcumin have 
inhibitory effect on growth of periodontal pathogens 
(Bhatia et al 2014, Izui et al 2016). 

Comparing group A to group C, greater reduction 
was noticed in group A. This may be related to 
A-PDT used in group A and this is in accordance with 
the following studies that reported the antibacterial 
effect of A-PDT. A review study by Malik et al 
2010 showed that A-PDT lead to reduction of the 
periodontal pathogen load in chronic periodontitis. 
Another study by Araujo et al in 2012 reported 
significant reduction in salivary microorganisms on 
testing the effect of A-PDT-curcumin on the saliva 
samples bacterial content.  Also Paschoal et al in 
2013 showed that LED-activated curcumin when 
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applied to cultures of S.mutans lead to significant 
decrease in bacterial viability. Moreover, Haag et 
al 2015 tested the antimicrobial effect of A-PDT 
in vitro and documented significant decrease in 
periodontal pathogens by A-PDT. An in-vitro study 
by Mahdi et al 2015 also showed that blue-light 
photoactivated-curcumin could lead to significant 
reduction of periodontal pathogens. In 2016, Najafi 
et al 2016  also reported that A-PDT with curcumin 
lead to decrease of A.actinomycetemcomitans 
CFUs/ml by approximately 65%.

CONCLUSIONS

Within the limitations of our study and the 
relatively small sample size, the use of curcumin 
(2%) locally in conjunction with OFD may lead 
to increased enhancement in periodontal clinical 
parameters and increased reduction in TBL than 
OFD alone. The additional photoactivation (LED 
440-480 nm) of the curcumin used in conjunction 
with OFD may lead to greater PD reduction, 
greater CAL gain and greater TBL reduction when 
compared to OFD alone or OFD with curcumin 
without photoactivation. 

RECOMMENDATIONS

Further studies with greater sample size and more 
extended follow up periods should be carried out in 
the future to support the results of the present study 
and to evaluate the effect of the treatment on the long 
term. Also, different concentrations of curcumin need 
to evaluated in future studies to determine the optimal 
concentration with maximum efficacy.
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