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4 { DT ABSTRACT

Eradication or suppression of pathogens is the major goal in periodontal therapy. Due to

the increase in antibiotic resistance, the need for new disinfection therapies has risen in

recent times. One such method, photodynamic therapy ( PDT) has demonstrated anti-

infective potential. The aim of this study was to investigate the clinical and

microbiological adjunctive outcome of photodynamic therapy with scaling and roof
planing (SRP), compared to SRP alone in the treatment of chronic periodontitis, In this
split-mouth design study, 30 chronic periodontitis patients (mean age, 37.5 years) with
probing pocket depth (PPD) >4mm, clinical attachment level (CAL) > 2mm were
included. After clinical and radiographic assessment, two quadrants were randomly
selected in each subject who would receive either PDT along with SRP (PDT GROUP) or
SRP alone (SRP GROUP). Plaque Index (PI), PPD and CAL were recorded and
subgingival plaque samples were collected for microbiological analysis. Clinical

parameters and plaque sample analysis was done at baseline and 6 months post treatment,
After 6 months, mean PI decreased from 1.60 to 1.23 in SRP group and from 1.60 to 1.19
in the PDT group. The mean PPD decreased from 2.67 mm to 2.12 mm in SRP group and

from 2.61 mm to 2.04 mm in the PDT group while mean CAL decreased from 3.40 mm

to 2.86 mm in SRP group and from 3.31 mm to 2.67 mm in the PDT group.

Ef."
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-

2 ?.t'_'.'t Microbiologically, higher reductions of p. gingivalis were observed in PDT group. This
""7; study showed that adjunctive photodynamic treatment may enhance clinical and

~ microbiological outcome in patients with chronic periodontitis.

Keywords: Chronic periodontitis, Photodynamic therapy
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INTRODUCTION

Chronic periodontitis (CP) 1s a chronic inflammatory response to the accumulation of
nicrobial plaque and calculus on the root surface of the tooth; this condition Jeads to
hreakdown of the surrounding periodontal tissues.' The aim of periodontal treatment s to
restore the biological compatibility of periodontally diseased root surfaces for subsequent
attachment of periodontal tissues to the treated root surface.? The gold standard for the
non-surgical treatment of periodontal disease is scaling and root planing (SRP). In SRP.
the removal of supragingival and subgingival biofilms along with the diseased root
surface is facilitated using hand instruments and ultrasonic scalers. However, complete
removal of the bacterial biofilm and their endotoxins in deeper areas of the pockets and

furcation sites 1s often difficult to achieve with both methods >

To deal with this clinical issue, a number of adjunctive therapies have been developed
over the years. In general these treatment modalities include systemic administered
antibiotics and local delivery of antiseptics or antibiotics. Although these have been
considered to eliminate residual periodontal pathogens after scaling and root planing,
studies have shown that an organized biofilm exhibits several resistance and mechanisms

that protect the periodontal pathogens and limit the action of the antibiotics.*

Recently, photodynamic therapy (PDT) has been introduced in periodontal therapy in an
attempt to improve the effectiveness and efficiency of root surface debridement and

bacterial elimination.

44 Rl
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bye defined a8 the erndication of target celly by renctive Oxygen m

g ¢
y means of o photosensitizing compound and light of an appropriate

g aetion was first observed in 1900 by Raab, who realized that a protozoon could be

Thi

killed in the presence of acridine dye, excited by a visible Iighl.“ Although PDT is more

widely known for its application in the treatment of neoplasms, it shows great potential in

the treatment of periodontilis, because many species were reported to be killed in vitro by

this a[:)pr‘::oach.7

pDT involves three components: light, a photosensitizer, and tissue oxygen. Laser i1$ the

preferred source of light for photodynamic therapy because it emits coherent,

monochromatic, intense and unidirectional lighl8 while methylene blue and toluidine blue

O are very effective photosensitizing agents for the inactivation of both gram-positive

and gram-negative bacteria.” Upon irradiation, the photosensitizer undergoes 2 transition

from a low energy ground state to a higher energy triplet state, which can then react with

e biomolecules to produce free radicals (type [ reaction), or with molecular oxygen to

. . 10
produce highly reactive singlet oxygen (type 1 reaction),leading to cell death.” [PLATE

]

'~ The present study aims to comparatively evaluate the efficacy of photodynamic therapy

'_ adjunct to SRP in the treatment of chronic periodontitis patients with the help of

L -
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AIM AND OBJECTIVES

e

The aim of the present study was:

o To clinically and microbiologically evaluate the effectiveness of

photodynamic therapy as an adjunct to scaling and root planing in patients

with chronic periodontitis.

The objectives of the present study were:

1) To conduct a randomized in vivo clinical trial to assess the efficacy of one time
application of photoactivated dye, toluidine blue-O with diode laser in treating patients
with chronic periodontitis.

2) The primary endpoint of the clinical trial was to evaluate and compare a significant
gain in clinical attachment level (CAL) at baseline and six months post treatment.

3) The secondary endpoints were to evaluate and compare the reduction in probing

pocket depths (PPD) and plaque scores (plaque index) at baseline and six months post

freatment.
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significantly higher in the laser group than in the SRP group. Additionally, both groups

REVIEW OF LITERATURE
photodynamic therapy is a unique and interesting therapeutic approach towards
periodontﬂl therapy. The numerous in vitro and in vivo studies have clearly demonstrated
s effective and efficient bactericidal effect and is extensively studied in periodontics due
to its technical simplicity and its ability to eradicate bacteria, the causative agents behind

oceurrence of periodontal diseases.

Goharkhay K, Moritz A, Smith PW, Schoop U, Kluger W, Jakolitsch S (1999)"
determined incision characteristics and soft-tissue damage resulting from standardized
incisions using a wide range of laser modes and parameters of a diode laser at 810 nm.
The remarkable cutting ability and the tolerable damage zone clearly showed that the

diode laser is a very effective and, because of its excellent coagulation ability, useful

alternative in soft-tissue surgery of the oral cavity.

Simunovic Z, Ivankovich AD, Depolo A (2000)12 evaluated animal and clinical studies
(o assess the efficacy of low level laser therapy (LLLT) on wound healing in rabbits and
humans. Results showed that wound healing was significantly accelerated (25%-35%) 1n
ionts treated with LLLT. Pain relief and functional recovery of patients treated with

pat

LLLT were significantly improved compared to untreated patients.

Schwarz F, Sculean A, Georg T, Reich E (2000)" evaluated and compared the
effectiveness of an Er:YAG laser to that of scaling and root planing for non-surgical

periodontal treatment. Clinical assessments of plaque index (PI), gingival index (GI),

bleeding on probing (BOP), probing depth (PD), gingival recession (GR) and clinical

attachment level (CAL) were made prior to and at 3 and 6 months after treatment. The

results showed that there was reduction in the BOP score and the CAL improvement was

5

e ——

Scanned by CamScanner



L ™
|
gl e
¢ I
-

Review oc literatuye

showed a significant increase of cocci and non-motile rods and a decrease in the amoyn;

of motile rods and spirochetes.

Schwarz F, Sculean A, Georg T, Becker J (2003)" i 4 randomized controlled trial

concluded that Er:YAG laser and enamel matrix derivative (EMD) does not seem (o

improve the clinical outcome of the therapy additionally  compared with
SRP+EDTA+EMD. They concluded that both therapies led to short-term improvements
of the investigated clinical parameters, and the combination of Er:YAG and EMD does
not seem to improve the clinical outcome of the therapy additionally compared to

SRP+EDTA+EMD.

Sculean A, Schwarz F, Windisch P, Keglevich T, Gerharz D, Becker J (2005)'5
performed flap surgeries of intrabony defects using Er: YAG laser and demonstrated that

healing was predominantly characterized by formation of the long junctional epithelium
along the instrumented root surface and connective tissue attachment was accompanied

by bone regeneration and no thermal damage was observed.

Yukna RA, Carr RL, Evans GH (2007)"° performed non-surgical treatment of chronic

periodontitis with a free running pulsed Nd:YAG laser to remove the pocket epithelium.
All laser treated specimens showed new cementum and new connective tissue attachment
in and occasionally coronal to the notch whereas specimens treated with just scaling and

foot planing had a long junctional epithelium with no evidence of new attachment or

regeneration.

Derdilopoulou F V, Nonhoff J, Neumann K, Keilbassa AM (2007)" conducted a study

i

Etﬂ €valuate and compare the microbiological effects of hand instrumentation, Er:YAG




|aser,

po

gTOUpS. Laser and sonic instrumentation failed to reduce A.a. Six months after therapy
significant differences were still detected for Pg (L- and U-group), for Pi and Tf (S-

oroup), and for Td (L-, S- and U-group).

Almeida JM, Theodoro LH, Bosco AF, Nagata MJ, Oshiiwa M, Garcia VG (2007)"®
in a study to assess radiographically the effect of photodynamic therapy (PDT) as an
adjunctive treatment to scaling and root planing (SRP) on induced periodontitis in
dexamethasone-induced immunosuppressed rats. The results showed that there was
statistically significant less bone loss in the animals treated with PDT in all experimental
periods compared to those submitted to SRP. Hence they concluded that PDT was an

effective adjunctive treatment to SRP on induced periodontitis in dexamethasone-induced

immunosuppressed rats.

Oliveira RR, Schwartz-Filho HO, Novaes AB Jr, Taba M Jr (2007)" conducted a
clinical trial for assessing the efficacy of PDT for nonsurgical treatment of periodontitis
In comparison with SRP. At three months following the therapy, both treatment showed
comparable outcomes in terms of bleeding on probing and pocket depth, gains in clinical

: attachment level, and thus suggesting a potential clinical benefit of PDT.

) .1'p_.'
__J' by

Braun A, Dehn C, Krause F, Jepsen S (2008)*" performed a split mouth clinical trial to

sy de | r ' :
- determine the efficacy of PDT as an adjunct to SRP in the treatment of chronic

_l;,
L e e
:petnOdDIltltlS. All teeth received periodontal treatment comprising scaling and root

45 planing. Using a split-mouth design, two quadrants (test group) were additionally treated

Review of literature

sonic and ultrasonic scalers in patients with chronic periodontitis. Three months

st-operatively, the amounts of Pg, Pi, Tf, and Td were significantly reduced in all

Scanned by CamScanner
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with PDT. Sulcus fluid flow rate (SFFR), bleeding on probing (BOP), relative attachment

level (RAL) and probing depths (PDs) were assessed at baseline, 1 week and 3 months

after treatment. The results showed that clinical outcomes of conventional subgingival

debridement can be improved by adjunctive PDT,

Christodoulides N et al (2008)*' conducted a study to evaluate the clinical and
microbiologic effects of the adjunctive use of PDT to non-surgical periodontal treatment
They showed that the addition of a single episode of PDT to SRP failed to result in an

improvement in terms of PD reduction and CAL gain, but it resulted in a significantly

greater reduction in bleeding scores compared to SRP alone.

Polansky R, Haas M, Heschl A, Wimmer G (2009)** conducted a randomized-
controlled clinical trial to evaluate photodynamic therapy for its bactericidal potential and

clinical effect in the treatment of periodontitis. Baseline clinical values of gingival index.
bleeding on probing, probing pocket depths and clinical attachment levels were recorded
and re-evaluated 90 days later. Pathogen screening for P. gingivalis, Tannerella forsythia
and Treponema denticola were conducted at baseline as well as 10, 42 and 90 days after
treatment. The results showed that application of a single cycle of PDT was effective as

an adjunct to ultrasonic periodontal treatment. There were extra reductions in pocket

depths and bleeding on probing. With regard to eradicating bacteria, however, there are

no additional effects as compared with conventional treatment alone.

Al-Zahrani MS, Bamshmous SO, Alhassani AA, Al-Sherbini MM (2009)23 conducted
a clinical trial to assess the effect of PDT on periodontal status and blood sugar of

A ‘--filiﬂ_betic patients with chronic periodontitis. The plaque and bleeding scores, probing

e ——
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depth. clinical attachment level, and glycosylated hemoglobin (HbAlc) level were

ecorded at baseline and 3 months after periodontal treatment. The results of the study

showed significant differences in periodontal parameters and but not on the glucose

levels at the baseline and after 3 months.

Fontana CR et al (2009)24 investigated the ability of PDT to reduce the number of
bacteria in biofilms by comparing the photodynamic effects of methylene blue (MB) on
human dental plaque microorganisms in the planktonic phase and in biofilms. In their
study, multispecies microbial biofilms developed from the same plaque samples were
sed to methylene blue and the same light conditions as their planktonic counterparts.

expo

After PDT, survival fractions were calculated by counting the number of colony-forming

units and the results showed that PDT killed approximately 63% of bacteria present in

suspension. By contrast, in biofilms, PDT had much less of an effect on the viability of

bacteria (32% maximal killing).

Oliveira RR et al (2009)2‘5 conducted a clinical trial to investigate cytokine levels in the
gingival crevicular fluid (GCF) of patients with aggressive periodontitis, after treatment
with PDT or SRP. The results of the study showed that non-surgical periodontal

treatment with PDT or SRP led to statistically significant reductions in TNF-alpha level

30 days following treatment. There were similar levels of TNF-alpha and RANKL at the

different time points in both groups, with no statistically significant differences.

Seguier S, Souza SL, Sverzut AC, Simioni AR, Primo FL (2010)'6 conducted a

clinical trial to evaluate the effects of PDT on the inflammatory infiltrate and on the

s '_fmllagen network organization in chronic periodontitis. In the study, each patient was
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depth. clinical attachment level, and glycosylated hemoglobin (HbAlc) level were
recorded at baseline and 3 months after periodontal treatment. The results of the study

showed significant differences in periodontal parameters and but not on the glucose

levels at the baseline and after 3 months.

Fontana CR et al (2009)24 investigated the ability of PDT to reduce the number of
bacteria 1n biofilms by comparing the photodynamic effects of methylene blue (MB) on
human dental plaque microorganisms in the planktonic phase and in biofilms. In their
study, multispecies microbial biofilms developed from the same plaque samples were
exposed to methylene blue and the same light conditions as their planktonic counterparts,
After PDT, survival fractions were calculated by counting the number of colony-forming
units and the results showed that PDT killed approximately 63% of bacteria present in

suspension. By contrast, in biofilms, PDT had much less of an effect on the viability of

bacteria (32% maximal killing).

Oliveira RR et al (2009)25 conducted a clinical trial to investigate cytokine levels in the
gingival crevicular fluid (GCF) of patients with aggressive periodontitis, after treatment
with PDT or SRP. The results of the study showed that non-surgical periodontal
treatment with PDT or SRP led to statistically significant reductions in TNF-alpha level

30 days following treatment. There were similar levels of TNF-alpha and RANKL at the

different time points in both groups, with no statistically significant differences.

Seguier S, Souza SL, Sverzut AC, Simioni AR, Primo FL (2010)ZG conducted a
clinical trial to evaluate the effects of PDT on the inflammatory infiltrate and on the

collagen network organization in chronic periodontitis. In the study, each patient was
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i - PDT using phthalocyanine derivatives as photosensitizers and the
(real

lateral (ooth was taken as control. The findings of the study demonstrated that PDT
contrat

(s an impact on gingival inflammatory phenomenon during chronic periodontitis
] el
pn:sel

d leads to a gpecific decrease of antigen-presenting cells populations (macrophages and
and i« .

Langerhans cells).

Qadri T, Miranda L, Tuner J, Gustafsson A. (20]0)rJr performed a split-mouth,

double-blind controlled clinical trial to study the effects of irracdiation with low-level

lasers as an adjunctive treatment of inflamed gingival tissue. The test side was treated

with two low-level lasers having wavelengths of 635 and 830 nm. The GCF samples
were analysed for elastase activity, interleukin-1beta (IL-1beta) and metalloproteinase-8
(MMP-8). The clinical variables i.e. probing pocket depth, plaque and gingival indices
were reduced more on the laser side than on the placebo side after three months. However

elastase activity, IL-1beta concentration and the microbiological analyses showed no

significant differences between the laser and placebo sides.

Sigusch BW, Engelbrecht M, Volpel A, Holletschke A, Pfister W (2010)*® conducted

a study to clinically and microbiologically evaluate the effect of PDT as a full-mouth
procedure in Fusobacterium nucleatum infected patients with periodontitis. In patients
with chronic periodontitis who received PDT treatment, significant reductions in BOP,

and mean PD and CAL were observed during the observation period with respect to

Scanned by CamScanner



chronic periodontitis.

Al-Zahrani MS, Austah ON (2011)*

conducted g split mouth clinical

trial in ord
compare the efficac | .
y of PDT as gap adjunct with SRp for treat

ment of chronjc

periodontitis in smokers. Plaque i

(PD), recession and clinic

treatment.
The results showed that, compared to the baseline, sites with PD >5 mm

Show . . . ~
ed significant reductions of PD, CAL. and BOP at 6 and 12 week after treatment

Mettraux G 32
| s Husler J (2011)™ conducted a clinical trial for evaluating the efficacy of

- PDT as an ad; :
. adjunct to Scaling and root planing for treatment of chronic periodontitis. The

 transging s
gingival application of PDT showed clinical and bacteriological effects which are

11
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comparable to those reported in the

literature with the subgingival method Thus they

concluded that the transgingival method is convenient, harmless d
; and easy to perform

compared to subgingival method.

Walter Dukic, Ivona Bago, Andrej Aurer, Marija Rogulji (2012)3‘3 conducted
a

randomized clinical trial to evaluate the effe
ct of 980-nm diode laser '
as an adjunct to SRp

in the treatment of chronic periodontitis. The study indicated that compared to SR
, €d to SRP

alone, multiple adjunctive applications of a 980-nm diode laser with SRP showed
showed PD

improvements in moderate periodontal pockets (4 to 6 mm)

Dilsiz A, Canakei V, Aydin T (2012)* conducted a split mouth clinical trial to assess

and compare the efficacy of potassium-titanyl-phosphate (KTP) laser and PDT for

treatment of chronic periodontitis. In the study, teeth in each quadrant were random]
Y

treated by SRP alone (group A), PDT followed by SRP (group B), or KTP laser followed

by SRP (group C). All treatments yielded significant improvements in terms of BOP and

PD decrease and CAL gain compared to baseline values. Group C showed a greater
reduction in PD compared to the other groups. In addition, group C showed a greater

CAL gain compared to the other groups.

Theodoro LH et al (2012) through a split mouth clinical trial done with the purpose of
assessing the long term clinical and microbiological effects of PDT in conjunction with
non-surgical periodontal therapy for treatment of chronic periodontitis showed that PDT

decreased some key pathogens but had significant effects on the clinical parameters

fgfcorded at baseline and 6 months after treatment.

12
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Berakdar M, Callaway A, Eddin MF, Ross A, Willershausen B (2012)% conducted a

clinical trial to evaluate and compare the efficacy of PDT in conjunction with SRp ;
n

chronic periodontitis patients. The following clinical parameters were assessed at

haseline, one, three and six months after the therapy: bleeding on probing (BOP), plaque

- dex (PD), probing depth (PD) and clinical attachment loss. The results demonstrated that

SRP in combination with PDT seems to be effective and is therefore suitable as an

adjuvant therapy to the mechanical conditioning of the periodontal pockets in patients

with chronic periodontal diseases.

e e, S e o P e = i W e e

Javed F, Qadri T, Ahmed BH, Al-Hezaimi K, Corbet FE (2013)°’ performed a clinical
study to assess whether or not photodynamic therapy with adjunctive scaling and root
planing is effective in the treatment of periodontitis under Immunocompromised
conditions. They found that SRP with PDT to be ineffective in treating chronic
periodontitis in type II diabetes mellitus patients. All experimental studies reported
significantly less bone loss in periodontal defects treated with SRP and PDT than those

treated with SRP alone. However the efficacy of SRP and PDT in the treatment of

T T T e L Y T T I Y T T T

periodontal disease under immunocompromised conditions remained unclear.

Cappuyns I, Cionca N, Wick P, Giannopoulou C, Mombells (2012)* compared the
- efficacy of PDT with diode laser plus SRP in management of residual pockets in chronic

.~ periodontitis through a split mouth clinical trial. Residual pockets >4 mm were debrided

LA Vel
"y

 withan ultrasonic device and then subjected to either PDT or SRP. Pocket probing depth

A
ot Ly

oA , _ _ _
f“‘,-i(PPD), bleeding on probing (BOP) and gingival recession were monitored over 6 months.
A

il
™

- Counts of three microorganisms were determined by direct hybridization with RNA

e 2
. : 1 TI i
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bes. Both treatments resulted in a significant clinical improvement and also
probes.

appr ossed Porphyromonas gingivalis, Tannerella forsythia, and Treponema denticola.
S

Alwaeli HA, Al-Khateeb SN, Al-Sadi A (2013)” in a split mouth clinical trial done with
the purpose of assessing the long term clinical efficacy of PDT associated with SRP in

reatment of chronic periodontitis showed that PDT as an adjunct to scaling and root

planning can be a novel approach for treatment of periodontitis.

Queiroz AC et al (2013)4“ through a split mouth clinical trial conducted with the aim of

assessing the efficacy of PDT as an adjunct to SRP in smokers with chronic periodontitis.

Plaque index, bleeding on probing, probing depth, clinical attachment level and gingival
recession were recorded, and gingival crevicular fluid was collected for assay of [L-1B

and matrix métalloproteinase (MMP)-8 levels. The results obtained after three months

showed that there were no statistically significant differences in intragroup comparisons.
The adjunctive effect of PDT did not warrant improvements on clinical parameters in

smokers. However, it resulted in a suppression of IL-1 and MMP-8 when compared

with SRP alone.

Luchesi VH et al (2013)*' conducted a clinical trial done to evaluate the effect of PDT as
an adjunct to SRP in the treatment of Class II furcation. Clinical, microbiological and

cytokine pattern evaluation was performed at baseline, three months and six months and

. clinical attachment level was defined as the primary outcome variable. The results

- showed that clinical parameters improved after both therapies with no differences

~ between groups a any time point. However, IFN-y, IL-6, IL-8 and IL-1B levels were

e s
5
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petelin M, Perkic K, Seme K, Gaspirc B (2014)* conducted a study to compare the
offect of subgingival ultrasonic scaling followed by repeated (three times) antimicrobjal
phmod}rnamic therapy, ultrasonic scaling alone (US) and scaling and root planing with
hand instruments (SRP) for mitial periodontal treatment. The results showed that
additional application of PDT to US failed to result in further improvement in terms of
ppD reduction and CAL gain. However, it resulted in a higher reduction of BOP at 3 and
12 months comparing to US alone or SRP. Additionally, PDT resulted in a greater

reduction of Aggregatibacter actinomycetemcomitans and Tannerella forsythia in

moderate pockets (4-6 mm) compared to mechanical debridement alone.

Moreira AL et al (2014)43 performed a split mouth clinical trial done to assess the
officacy of multi-step PDT as an adjunct to SRP in the treatment of aggressive
periodontitis.The results showed that the test group (PDT group) presented a decrease in

PD and a clinical attachment gain significantly higher than the control group (SRP group)

at 90 days. The test group also demonstrated significantly less periodontal pathogens of

red and orange complexes and a lower interleukin-1p/interleukin-10 ratio than the control

group.

Arweiler NB et al (2014)44 evaluated and compared the outcomes following nonsurgical
PDT or amoxicillin and metronidazole in

periodontal therapy and additional use of either
patients with Aggressive Periodontitis. In their study, at least three sites with pocket

depth (PD) >6 mm wer
r 7 days or with two episodes of PDT and clin
showed that while hoth treatments

ical parameters Were

metronidazole fo

evaluated at baseline and at 6 months. The results
improvements, metronidazole showed

resulted in statistically significant clinical
15
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statistically significantly higher PD reduction and low
er

compared to PDT.,

i 15
Chitsazi MT et al (2014)™ performed 4 clinical trig done to assess (h ff
| . v Cllicacy of ppr
in treatment of aggressive periodontitis In a split-mouth desi l

S1gn study,

quadrant was treated with PDT havine -

Mw (PDT group). The contro] grou '
P consisted of selected leeth
. of the Contralatera|

quadrant treated with SRP only. Treatment eroups showed an impro
vement j

clinical parameters and g significant

Queiroz AC et al (2014)* in thei .
( )" In their study to assess the microbiological effects of PDT as

an ad.unc - .

periodontitis found neither PDT associated with SRP nor SRP alone de d th
:creased the

microbial count in smokers.

p 47
ourabbas R et al (2014)* conducted a study to compare the effectiveness of adjunctive

photodynamic therapy (PDT) in the treatment of agg

selected teeth of the contralateral quadrant treated with SRP only. Treatment groups
. : . it
owed an improvement in all the clinical parameters and a significant reduction in the

counts of 4. actinomycetecommitans at 90 days compared to baseline.

B o

etsy J, Prasanth CS, Baiju KV, Prasanthila J, Subhash N (201«4)48 evaluated the
Eﬂ‘ ™ ™

ect of PDT as an adjunct to SRP in the treatment of chronic periodontitis. In their

16
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" L R untreated chronic periodontitis were randomly assigned to receive SRP with PDT
% group) of SRP alone (control group) and clinical parameters and halitosis were
ecorded at baseline and six months after treatment. The results showed statistically

significant reduction in probing pocket depth and gain in the clinical attachment levels at

3 months and 6 months as compared to the control group.

Chitsazi MT, Shirmohammadi A, Shirmohammadi M, Kashefimehr A, Ghasemi V
(2015)49 evaluated and compared the clinical and microbiological effectiveness of
adjunctive photodynamic therapy in the treatment of periodontitis. In their study twenty-
four subjects diagnosed with moderate to severe chronic periodontitis underwent scaling
and root planing. One tooth in each quadrant (probing depth >4 mm) was selected for
combined PDT and SRP (PDT group) with the contralateral tooth (SRP group), as a
control site (SRP-treated site). Clinical measurements showed significant decreases after

one and three months at both sites, without inter-group differences, except for bleeding

on probing after one and three months.

Birang R, Shahaboui M, Kiani S, Shadmehr E, Naghsh N (2015)*’ conducted a study
to evaluate the impact of adjunctive laser therapy (LT) and photodynamic therapy (PDT)
on patients with chronic periodontitis. The clinical indices namely CAL, PPD, papilla

bleeding index and microbiological samples were evaluated at baseline and 3-months.

. e PRI R I
ER RS
BRI 1

The obtained data suggested that adjunctive LT and PDT had significant short-term

) benefits in the treatment of chronic periodontitis.

¢ Teymouri F, Farhad SZ , Golestaneh H (2016)" studied the impact of photodynamic

f‘ emp}’ on the level of gingival crevicular fluid (GCF), inflammatory mediators and

17
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ljéﬁqdontﬂl clinical status. Significant reduction was observed over time in the level of

IL-1B, IL-17, clinical attachment loss and pocket depth in the three treatment groups at

the baseline, up 10 2 weeks and 2-6 weeks. In addition, photodynamic therapy

significantly decreased the average bleeding on probing over time.

Annaji S, Sarkar I, Rajan P (2016)> evaluated the efficacy of PDT as an adjunct to
conventional scaling in the treatment of patients with aggressive periodontitis. The
clinical parameters included PI, BOP, PPD, CAL and were recorded at the baseline and
three months and bacterial sampling and culture for Aggregatibacter
actinomycetemcomitans and Porphyromonas gingivalis and Prevotella intermedia were
done. The results showed statistically significant reduction in clinical & microbial

parameters 1n the group treated with PDT and scaling.

18
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P _ MATERIAL AND METHOD

was conducted in the Department of Periodontology, BBD College

The following study

¢ Dental qeiences, Lucknow, Uttar Pradesh in collaboration with Department of ‘
of V& '*

Mi crobiology; Central Drug Research Institute (CDRI), Lucknow, The aim of the study

as {0 comparatively evaluate the efficacy of photodynamic therapy as an adjunct to SRP
”
. the treatment of chronic periodontitis patients with the help of clinical and
I

microbiological aids.

STUDY DESIGN

A total of 30 subjects reporting to the OPD of Department of Periodontics aged between

25-50 years were selected for the study.
The study confirmed to the ethical guidelines of the Helsinki Declaration and was

evaluated and approved by the Institutional Ethical Committee. A written informed

consent was obtained from all subjects participating in the study.
The study protocol included a customized proforma for systematic recording of the

observations and information. A detailed medical and dental case history record for

clinical examination and periodontal charting were recorded.

The patients were selected based upon the following inclusion and exclusion criteria.
INCLUSION CRITERIA
. Patients within the age group of 25-50 years.

2. Patients having chronic periodontitis defined as having minimum of 20 remaining
teeth, with periodontal disease as evidenced by at least 4 tooth sites with probing

pocket depth (PPD) >4mm, clinical attachment level (CAL) > 2mm and radiographic

19
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evidence of bone loss >2mm from the cementoenamel junction (CEJ),”

3. Patients who were cooperative and committed to maintain oral hygiene.

4 Patients with no contraindication to periodontal therapy.

pXCLUSION CRITERIA

| Patients suffering from chronic systemic illness like diabetes and active infections and

taking medication for the same.

7. Patients suffering from aggressive periodontitis, periodontal abscess, necrotizing

ulcerative gingivitis or periodontitis.

3. Patients who have undergone any periodontal treatment or antibiotics within the

preceding 3 months.™

STUDY GROUPS:

The study protocol was explained to all patients and those who fulfilled the criteria were
enrolled in the study. After clinical and radiographic assessment, two quadrants were
randomly selected in each subject which would receive either scaling and root planing

along with photodynamic therapy (PDT GROUP) or scaling and root planing alone (SRP

GROUP).[PLATE IV]

PDT GROUP: 30 Quadrants that were treated with PDT along with SRP.

SRP GROUP: 30 Quadrants that were treated with SRP alone.

20
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Criteria for selecting PDT Group are as follows:

1. Subjects with =20 natural teeth present with chronic periodontitis.
2. Periodontal disease was evidenced by at least 4 tooth sites with probing pocket
depth (PPD) >4mm, clinical attachment level (CAL) >2mm and radiographic

evidence of bone loss >2mm from the cementoenamel junction (CEJ).

Criteria for selecting SRP Group are as follows:

. Subjects with 220 natural teeth present with chronic periodontitis.
2. Periodontal disease was evidenced by at least 4 tooth sites with probing pocket
depth (PPD) >4mm, clinical attachment level (CAL) >2mm and radiographic

evidence of bone loss >2mm from the cementoenamel junction (CEJ).

ARMAMENTARIUM

A) PERIODONTAL EXAMINATION AND SCALING AND ROOT PLANING
e Mouth mirror
o University of North Carolina Probe (UNC-15)
e Explorer

e [weezer

» (loves

e Face mask

 Headcap

* Scaler (Satelec P5®)

* Gracey Curettes (Hu-friedy ") [PLATE I}

B) PHOTODYNAMIC THERAPY

* Diode Laser {Fotosan™ (wavelength 620-640nm), CMS Dental }
21
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Photosensitizer | Fotosan ™ (Toluidine Blue O, cone, 0.1 mg/ml),CMS Dental)

o Applicator Tip
« Insulin Syringe

o Disposable Syringe

e Saline

protective Eyewear [PLATE T

() Ml(‘R()Bl()LO(il(.‘AL ANALYSIS
Gracey Curettes (l-lu-t'ricdy"“)

Transport media (LURIA BERTANI)

e Incubater

o Selective media for P.gingivalis

CLINICAL PARAMETERS

Clinical parameters were recorded and plaque samples were collected. These plaque
samples were then subjected to microbiological analysis.

The following clinical parameters were recorded:

|. Plaque Index ( Sillness and Loe, 1964)5 i
2. Probing Pocket Depth (PPD)

-

3. Clinical Attachment Level (CAL)
Probing pocket depth (PPD) and clinical attachment level (CAL) were measured at four

surfaces of all teeth (mid-buccal, mid-lingual, mesial and distal inter-proximal sites) to

22
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It[w ~earest millimeter, using UNC-15 probe, having markings from | o0 15 and colour

coded atan interval of §, 10 and 15,
SPECIMEN COLLECTION

After removal of supra-gingival plaque and calculus, the area was dried and isolated with
cotton rolls and saliva evacuators and sub-gingival plaque samples were collected using
sterile curettes (Hu-Friedy, USA.) from each selected site (i.e. deepest pocket in each
quadrant) and was immediately transferred to the transport media. Sample was

transported as early as possible to the microbiological laboratory for culturing.

SCALING AND ROOT PLANING PROCEDURE

Full mouth Scaling and root planing (SRP) was performed with the help of ultrasonic

scaler {Satelec PS® SATELEC (India) PVT. Ltd Gandhinagar, India} and gracey

curettes (Hu-friedy, USA).
PROCEDURE FOR APPLICATION OF PDT

After full mouth scaling and root planing, PDT was performed with a diode laser with

power settings at 630nm wavelength, 2mW output and continuous mode irradiated with
toluidine blue-O (Img/ml) solution as a photosensitizer in one of the quadrant (PDT
GROUP) while the other selected quadrant acted as a placebo (SRP GROUP). The
photosensitizer was applied to the bottom of the periodontal pocket with the help of an
insulin syringe. After 3 minutes of action the photosensitizer was rinsed with saline and
eXposed to diode laser for 30 seconds at each site. The procedure was done using

standard laser safety protocol including protective eye wear for the operator and the

patient. [PLATE V|

23
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MICROBIOLOGICAL ANALYSIS

Subgingival plaque was collected by universal curette and transported in vials containing
luriabertani (LB) medium to microbiology laboratory. The medium was then incubated
for 24 hrs. After this, culture plates were prepared in laboratory using the plaque sample.

Also a selective medium were prepared for P.gingivalis.[PLATE VI|

Selective medium for P.gingivalis

It was prepared by coloumbia agar which is supplemented with sheep blood, bacitracin.
colistin and nalidixic acid. This medium was prepared, stored and dispensed under

oxygen-free conditions to prevent formation of oxidized products prior to use. [PLATE

Vii|
Bacterial count

Bacterial count was done by 10 fold dilution and plating method at baseline and 6 months

post-operatively.
Confirmation test of P. Gingivalis

Identification of organism was confirmed by real-time PCR (Polymerase Chain

Reaction) using specific primers.
Isolation of DNA from plaque samples and bacterial cultures

The P. gingivalis culture dilution and plaque samples (100 ul) were used for automated

DNA extraction and purification with the MagNA Pure DNA Isolation Kit III. The

24
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protocol included 1 hour of pretreatment with proteinase K (20 mg/ml) at 56°C. After

isolation, the DNA was diluted in 100 ul of elution buffer,

To monitor the efficacy of the DNA isolation method, all samples were spiked with a

tnown amount (1,000 Ck U) of an Escherichia coli culture before DNA isolation.

PCR primers and probes

The 16S rRNA sequences of the genus Porphyromonas were selected from the taxonomy
database of the Division of microbiology at Central Drug Research Institute, Lucknow.

A sequence alignment by using the multiple-alignment tool in the MagNA program was
performed to search for homologous sequences within the 16S rRNA. The sequence of 7.
gingivalis W83 was used to select the primer and TagMan probe sequences 1n a region of
maximal homology by using Primer Express software. This software generated series of
hest combinations for the P. gingivalis primer and probe set. The combinations were
checked for primer-dimer or internal hairpin configurations, melting temperature, and

percent G_C values.

The sequence of the forward primer, primer P.g.F, was 5-GCGCTCAACGT TCAGCC-3
(base pairs 612 to 628); the sequence of the reverse primer, primer P.g.R, was 5-
CACGAATTCCGCCTGC-3 (base pairs 664 to 679) and the sequence of the Tagman
probe, probe P.g.P, was 5-CACTGAACTCAAGCCC GGCAGTTTCAA-3 (base pairs
634 to 660).

The oligonucleotide probe was labeled with the fluorescent dyes 6-carboxyfluorescein at

the 5 end and 6-carboxytetramethylrhodamine (TAMRA) at the 3 end. The E.coli primer-
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probe combination was labeled with the fluorescent reporter dye VIC at the 5 end and the

quencher dye TAMRA at the 3 end.

Optimization, sensitivity and specificity of P. gingivalis-specific primer-probe set

pCRs were performed by using a matrix of concentrations of the forward primer, the

reverse primer, and the probe to determine the optimal concentration yielding the lowest
threshold cycle (Cr) values and, hence, the highest amplification efficiencies.
The specificity of the real-time PCR assay was verified with purified genomic DNA from

10 different bacterial strains.

The detection limit of the real-time PCR was assessed by determining the Ct values of
serial 10-fold dilutions of purified genomic DNA from P. gingivalis strain W83. A

standard curve prepared with these dilutions was used in every experiment.

Quantitative PCR assay

PCR amplification was performed in a total reaction mixture volume of 25 ul. The

reaction mixtures contained 12.5ul TagMan universal PCR master mixture (PCR buffer,
deoxynucleoside triphosphates, AmpliTaq Gold, an internal reference signal [6-carboxy-
X-rhodamine] and uracil N-glycosylase,), 300 nM each of P. gingivalis-specific primer,
100 nM of P. gingivalis-specific probe and 5 ul of purified DNA from plaque samples.
Five microliters of the DNA extracted from P. gingivalis W83 was used to prepare the
standard curve and as a positive control while the negative control was Sul of sterile H,O.
I'he samples were subjected to an initial amplification cycle of 50°C for 2 min and 95°C

for 10 min, followed by 45 cycles at 95°C for 15 s and 60°C for 1 min. The data were

26
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analyzed with ABI 7000 Sequence Detection System software. The degradation of the
probe by the DNA polymerase in each elongation step induces an increase in
fluorescence that can be monitored during PCR amplification.

The fluorescence signal is normalized by dividing the reporter dye emission (6-
carboxyfluorescein) by the emission of the passive reference (6-carboxy-X-rhodamine).
The higher the starting copy number of the nucleic acid target is, the sooner a significant
increase in fluorescence is observed. The Ct parameter is defined as the fractional cycle
number at which the fluorescence of the reporter dye generated by cleavage of the probe
crosses an arbitrarily defined threshold within the logarithmic phase. Hence, this
parameter can be used to compare different amplification reactions. The results for

unknown plaque samples were projected on the standard curve generated with P.

gingivalis strain W83.

Specificity and Sensitivity

The specificity was determined as the number of negative results by the real-time PCR
assay divided by the number of negative results by the quantitative culture test. The
sensitivity was determined as the number of positive results by the real-time PCR divided

by the number of positive results by the quantitative culture test. [PLATE VIII]
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DIAGRAMMATIC REPRESENTATION OF STEPS
INVOLVED IN PDT

PLATE NO. 1

Scanned by CamScanner
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CLINICAL STEPS INVOLVED IN
PHOTODYNAMIC THERAPY




ARMAMENTERIUM FOR TRANSPORTATION
OF PLAQUE SAMPLE

i) TRANSPORT ( LURIABERTANI ) MEDIUM

ii) INCUBATOR USED FOR STORAGE OF
TRANSPORT MEDIUM
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The outcome measures of the study were

I. Clinical

A) Plaque Index (Pl)

B) Probing Depth (PD)

C) Clinical Attachment Level (CAL)
2 [1. Microbiological

o P. Gingivalis count

ﬂle clinical and microbiological parameters were assessed at pre treatment (baseline)
and 6 month post treatment (6 month).

“__?: LT fween the tWo
'*"'*f-"‘.”?--“*" e of the study was to compare the outcome mEasures betwee

; I
- v
8
J -
. ..;‘-.

'_d.h__. E .

_II_,"I 4
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No of Quadrants

(n=60) (%)

SRP 30 (50.0)

PDT 30 (50.0)
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Distribution of patients

50.0% 50.0%

Fig. 1. Distribution of patients 11

) groups.

B SRP
B PDT
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ror each group, comparing the mean difference in PI between the periods (baseline vs, 6

qonth), Tukey test showed significant decrease in PI at 6 month as compared to baselipe

o both SRP (1.602 £ 0.026 vs. 1.227 + 0.028, diff=0.376, p<0.001) and PDT (1.625 +

z

0,025 vs. 1.183 £ 0.023, diff=0.441, p<0.001) groups (Table 2 and Fig. 2).

similarly, for each period, comparing the mean difference in PI between the groups (SRP

'S. PDT), Tukey test showed similar PI between the groups at both baseline (1.602 +

0.026 vs. 1.625 + 0.025, diff=0.022, p=0.929) and 6 month (1.227 + 0.028 vs. 1.183 %

5, iff=0.043, p=0.634) i.e. did not differ significantly (Table 2 and Fig. )

H()Wev e
5 at fing] evaluation (i.e. the mean change from baseline to 6 month), th

decre . :
B In P of PDT group (27.2%) was found to be 3.7% higher (effect size) @S

cgmpﬂl'ed to
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Observations and Results

le 2: Pre and post PI (Mean £ SE) of two groups

Tab
e 6 month Mean p
— Group o
; (n=30) (n=30) difference value
RP ——=55 50026 | 12270028 | 0376 | <0.001
= .
| 1.625%0.025 | 1.183 +0.023 0.441 <0.001
I Mean difference | 0.022 0.043 - ' q
p value 0.929 0.634
AL




Plague index

B Baseline
B 6 month
SRP PDT
“p<0.001- as compared to Baseline
en the

Fig. 2. For each group, comparison  Mead difference in P1 betwe

periods,




- T T — "

Plagque index

B SRP
B PDT
Baseline 6 mor
. "p>0.05- as compared to SRP
- Fig. 3. For each period, comparison of mean dif’ nce in PI between the
|
: groups.
i;
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Il

evident slightly higher in PDT than SRP.
S

for eaUh gl’Ou

(baseﬁﬂ

mpared to baseline !
(

p<000 l ) d

(Table 3 and Fig. 4).

—ﬁ

y Observations ang Results
& probing depth

< the mean PD decrease comparatively after the treatment and the

P comparing the mean difference in PD between the periods
o VS, 6 month), Tukey test showed significant decrease in PD at 6 month as
n both SRP (2.669 + 0.059 vs. 2.122 + 0.051, diff=0.547

nd PDT (2.609 + 0.057 vs. 2.014 £ 0.060, diff=0.594, p<0.001) groups

Gimilarly, for each period, comparing the mean difference in PD between the

groups (SRP vs. PDT), Tukey test showed similar PD between the groups at both

baseline (2.669 + 0.059 vs. 2.609 + 0.057, diff=0.060, p=0.876) and 6 month

2122 + 0.051 vs. 2.014 + 0.060, diff=0.108, p=0.542) i.e. did not differ

significantly (Table 3 and Fig. 5).

HO . . '
NEVer, at final evaluation (i.e. the mean change from baseline to 6 month),

the

de -
fease in PD of PDT group (22.8%) was found to be 2.3% higher (effect size) as

C
“Mpared to SRp group (20.5%).

33
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Table 3: Pre and post PD (Mean + SE) of two grou
ps

_———— | Baseline | 6 month

Ship Mean L
(n=30) (n=30) difference value ~|
— SRP | 2.669+0.059 | 2.122+ 0051 | 0.547 | <0007 1
 PDT | 2.609+0.057 | 2.014+0060 | 030t <0.001
“Mean difference | 0.060 0108 ]
p value 0.876 0.542
| J '1
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Oetions and Results

Probing depth (mm)

periods.

Baseline
6 month
7 g SRP PDT
.~ "'p<0.001- as compared to Baseline
" Fig 4. For each group, comparison of mean difference i1 retween the
|
|
[‘.
|




> .:'""“_ = ':'F",FH."" ]

Probing depth (mm)

- SRP
0
S OPDT
Baseline 6 month
"p>0.05- as compared to SRP
Fig. 5. For each period, comparison of mean differenc PD between the

groups.

nnnnnn



Observations and Results

ym) of two groups 1s summarised is summarised in Table

post CAL (1

and |
o mean CAL decrease comparatively after the treatment and

b
g A . ohily higher in PDT than SRP.

paring the mean difference in CAL between the periods

each grOllPa coml

o month), Tukey test showed significant decrease in CAL at 6 month
(basellne -

pared (o baseline 1n both SRP (3.397 + 0.219 vs. 2.858 + 0.182, diff=0.539,
qs com

0.001) and pDT (3.311 £ 0.213 vs. 2.667 = 0.183, dift=0.644, p<0.001) groups
P< :

(Table 4 and Fig. 0).

Similarly, for each period, comparing the mean difference in CAL between the

sroups (SRP vs. PDT), Tukey test showed similar CAL between the groups at

both baseline (3.397 £ 0.219 vs. 3.311 + 0.213, diff=0.086, p=0.990) and 6 month

(2858 + 0.182 vs. 2.667 + 0.183, dift=0.191, p=0.906) i.e. did not differ

significantly (Table 4 and Fig. 7).

However ion (i ‘
, at final evaluation (i.e. the mean change from baseline to 6 month), the

decrease ;
a¢in CAL of PDT group (19.4%) was found to be 3.6% higher (effect size)

% compared to SRP group (15.9%).
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Table 4: Pre and post CAL (Mean + SE) of two s
ups

W Baseline W
(n=30) (n=30) | difference value
—GRP | 3.397+0219 | 2858+ 0.180 | 0.539 | <0.00]
— PDT | 331120213 | 26670183 1 0.644 | <0001
Mean difference 0.086 0.191 - [FErew
R alue 0.990 0.906
R ’ . Sl

il
~ -l
]
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clinical attachment level (i

W Baseline
G B 6 month
)
-
“0<0.001- as compared to Baseline
Fig, 6. For each group, comparison of mean difference in C veen the

periods,
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3,500
3.000
2.500
2,000
1.500
1.000
0.500
0.000

Mean

Baseline

6 month

"p>0.05- as compared to SRP

tig. 7. For each period, comparison of mean difference in CAL betw.

groups.
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o Table 5. In both groups, the mean P. Gingivalis count decrease

ised 1
annar™>
pﬂrativel)' after the treatment and the decrease was evident higher in PDT than
;oM

SR
: b group. comparing the mean difference in P. Gingivalis count between the
0

peﬂ odS, Tukey test
ared to baseline in both SRP (653667 = 177555 vs. 52100 = 16631.

showed significant decrease in P. Gingivalis count at 6 month

35 comp

jift=601567; p=0.002) and PDT (646000 + 157174 vs. 23110 = 6422,

iif=622890, p=0.002) groups (Table 5 and Fig. 8).

Similarly, for each period, comparing the mean difference in P. Gingivalis count
hetween the groups, Tukey test showed similar P. Gingivalis count between the

groups at both baseline (653667 =+ 177555 vs. 646000 + 157174, dift=7667.

- 6422. diff=28990, p=0.998)

0=1.000) and 6 month (52100 + 16631 vs. 23110 =

Le. did not differ significantly (Table 5 and Fig. 9).

However! at final evaluation (i.e. the mean change from baseline to 6 month), the

lerease in p Gingivalis count of PDT group (96.4%) was 4.4% higher (effec

)2 compared to SRP group (92.0%).




Observations and Results

Table S
/EF&I? — 1 PBaseline 6 month Mean “p
| (n=30) (n=30) difference | value
— P ™ 653667+ | 52100+ 601567 l 0.002
177555 16631
T 646000+ | 23110+ 622890 | 0.002
| 157174 6422
Mean difference | 7667 28990 TR
p value 1.000 0.998
b

T E—
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P. Gingivalis count (CFU/m

700000 -
600000 1
500000 -
400000 1
300000 -
200000 -
100000

M Baseline
M 6 month

Mean

SRP PDT

p<0.01- as compared to Baseline

Fi ' 8- FOl ea r‘lI

between the periods.




P. Gingivalis count (CFU/

ns

700000 -

600000 -
500000 -
400000 -
300000 -
200000 -
100000 -

0

Mean

®m SRP
® PDT

Baseline 6 month

*p>0.05- as compared to SRP

Fig. 9. For each period, comparison of mean difference in P. Gingiv

between the groups.
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_Observations Res;dgg -

’ h a
"'L il

i - .-'n-""r = [

N -l' f -
. __IJ

|,|.I
r

! o - ised as Mean = SE (standard error of the mean). Groups were

Med by repeated measures two way analysis of variance (ANOVA) using
ﬂﬂ linear models (GLM) and the significance of mean difference within
;. r3) and between (inter) the groups was done by Tukey's HSD (honestly
genificant difference) post hoc test after ascertaining normality by Shapiro-Wilk’s
w5t and homogeneity of variance between groups by [ evene’s test. A two-tailed
2 p<0.05 was considered statistically significant. Analyses were performed on

<pSS software (Windows version 17.0).
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DISCUSSION

N
) i H
. L L N e
=
R BT T

-

is is a multifactorial disease that is associated with loss of the supporting

. a1 T
_:l If‘I !.1_1.]’};*:' e

J _und the tooth.”® A major objective of periodontal therapy is to remove soft and

-
i

and subgingival deposits from the root surface to stop disease

4B WL

: —Dﬂ.d' supra-

greSSiO 0.5 The effect of scaling and root planing (SRP) on the subgingival microflora

". ' heen summarized In numerous reviews.”” SRP remains the gold standard In
~ has

qing chronic periodontal sites by reducing and shifting the microbial load o 2

e b
| o bi ological compatible microflora and this in turn improves the clinical parameters.
0

Jnfo tunately these improvements are short lived (approximately 12 weeks) due 1o

pu]ation of the biofilm matrix by periopathogens which may result in inflammation

repO

and/or 1088 of attachment and alveolar bone.”” Furthermore, SRP requires a certain level
of skill and time, has limited access in challenging areas such as deep pockets and
qircations and the potential for unnecessary removal of root substance. Therefore,
complete subgingival pocket disinfection is difficult. Another difficulty lies with the fact
that no single microorganism has been identified as the etiologic microorganism(s)
causing disease.®"This uncertainty coupled with the limitations of SRP makes treating
chronic periodontal sites challenging.

The adjunctive use of either systemic or localized antibiotics has been

extensively tested for their therapeutic efficacy. Systematic reviews and other studies

have concluded that the use of systemically administered adjunctive antibiotics with or
without SRP and/or surgery appeared to provide greater clinical improvement. While

these reviews Indicate, on average, antibiotics do contribute to a statistically significant

I;-f-'lmprovement In periodontal clinical indices, it is still unclear on the magnitude of the

iddEd benefit, the optimal dosage, the optimal agent(s), the frequency of application, the
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#7 _ncem of antibiotic overuse and resistance.!

The above mentioned concerns have fostered research into novel approaches (o

il-- ” . :
ndl pacterial infections. Photodynamic Therapy (PDT) has been extensively

‘Mﬂ jnn vitro with 2 lesser extend in vivo for the eradication of oral bacteria. /n

cesearch established that several associated periodontopathogens in the subgingival
B

wiofilmS

- atly eradicated by photodynamic treatment, both in aqueous suspension and in

like P- gingivalis, Fusobacterium nucleatum, Staphylococcus species are

mﬂmﬁz

ppDT utilizes low power lasers with appropriate wavelength to kill
ngamgns treated with a photosensitizer drug, preferably a dye. The knowledge of
B yefured uptake and accumulation of some dyes (mostly porphyrins) into tumor
GsseS stimulated the introduction of PDT into clinical practice. PDT is based on the
pinciple that a photoactivable substance (the photosensitizer) binds to the target cell and
can be activated by light of a suitable wavelength.®” During this process, free radicals are
formed (among them is singlet oxygen), which then produce an effect that is toxic to the
cll. To have a specific toxic effect on bacterial cells, the respective photosensitizer needs
o have selectivity for prokaryotic cells. Although several authors have reported the
possibility of a lethal photosensitization of bacteria in vivo and in vifro, others have

pointed out that Gram negative bacterial species, due to their special cell wall, are largely

resistant to PDT.%°

PDT involves three components: Light, a photosensitizer (PS) and oxygen. The

h Mmﬂtlzer is administered to the patient, and upon irradiation with light of a specific

49
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'. ,wedtﬂd singlet state. Subsequently, the photosensitizer may decay back to its ground
e with the emission of fluorescence or may undergo a transition to a higher energy

& 3“@
i ’lﬂ ¢
" ent paﬂlway
| on involves electron - transfer reactions between the excited state of the

h’ wpelreacti

| :
-- tizer and an organic substrate molecule of the cells, producing free radicals.

'57 The triplet state photosensitizer can react with biomolecules in three

s - type L, type 1l and type I11.°*

phuwsenSi

These free radical species are highly reactive and interact with endogenous molecular

xygen to produce highly reactive oxygen species, such as superoxide, hydroxyl radicals
;nd hydrogen peroxide, which are harmful to cell membrane integrity, causing
reparable biological damage.
i type 11 reaction, the triplet state photosensitizer reacts with oxygen to produce an
electronically excited and highly reactive state of oxygen, known as singlet oxygen ('O,)
r which can interact with a large number of biological substrates inducing oxidative
damage on the cell membrane and cell wall. Microorganisms that are killed by singlet
oxygen include viruses, bacteria and fungi. Singlet oxygen has a short lifetime in

biological systems and a very short radius of action (0.02 mm). Hence, the reaction takes

place within a limited space, leading to a localized response; thus making it ideal for

) R R e e M e

application to localized sites without affecting distant cells or organs. Thus, the type II

Ieaction is accepted as the major pathway in microbial cell damage.®”

50

Scanned by CamScanner



N " e e Discussion

jction with oxygen. Under anaerobic condition, radicals are generated and
Wﬂy react to cause cell death.

ppT is widely considered as an adjunctive to conventional mechanical therapy.

- » ;s that justify the use of PDT in the field of periodontology are technical
L

. ,wh""
_ put may also lead to the detoxification of endotoxins such as lipopolysaccharide.
ol

lipopo!
et P

, . qammatory cytokines by mononuclear cells. Thus, PDT inactivates endotoxins by

ing their biological activity.

The adjunctive use of PDT to scaling and root planing results in greater

and effective bacterial eradication. Antimicrobial PDT not only kills the

ysaccharides treated by PDT do not stimulate the production of

e sttachment level gains, reduction in bleeding on probing and probing pocket

as advantages such as reducing the treatment time, destruction of

enihs Also PDT h

acteria, -nactivation of endotoxins, unlikely development of resistance by the target

hacteria and 1O damage to the adjacent host tissues. In addition, the use of PDT in
sreation involvement shows some advantages such as reduced need for flap procedures

treatment time with lack of microflora disturbance in other sites of oral

and shorter

- cavity.

| Clinical studies over the years have evaluated the potential of PDT in treatment

ﬂf pﬂl'lodontal diseases but there are certain confounding factors that may inhibit or

of PDT. These factors include the type of

a4

BiMperative that the chosen PS for treatment is retained by target cells (bacteria in this
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g i” orbs at the desired wavelength of light with a high extinction coefficient and

L
:.‘1}"'""% _‘

" uantum yield of singlet oxygen,

11‘.

q..

gtrucf“ral characteristics of phenothiazinum-
'I‘he
i .toluldlne plue-O allow them to be highly suited for PDT by exhibiting significant singlet

based photosensitizers (PhBPs) like

e yields and absorbing at therapeutic wavelengths (620-700nm).”” Chan and Lai in

e
ﬂ
2
-i.

gsnm diode laser, at 100 mW with 60 seconds irradiance while incorporated with 0.01%

o 73
ivol toluidine blue-O dye.™ Furthermore the cationic nature of phenothiazine has been

n to penetrate deeper in the plaque biofi

prove Im and increase the killing rate.” Although

qost studies demonstrated a log reduction in bacteria, a confocal laser scanning

micrograph (CLSM) of a biofilm after exposure to phototoxic mechanism revealed that in

some of the biofilm stacks, lethal photosensitization occurred predominantly in the outer
" Jayers of the stack leaving some of the innermost bacteria alive’ which may allow for
bacterial recolonization of certain pathogens such as, 4. actinomycetemcomitans and P.

gingivalis which are known to invade host tissue cells and clude the effects of

- nonsurgical periodontal therapy(N SPD).”

The eifectiveness of a light source for PDT depends but is not limited to, spectral

-

f.'_'ance, tissue transmission and photosensitizer absorption.”’” Chan and Lai
:1 Ohstrated in vitro that both wavelength and energy density are important factors in
ff‘._,*:‘itii optimal bacterial kill.”® Most photosensitizers are activated by red light
630 and 700 nm, corresponding to a penetration depth from 0.5 cm to 1.5 em.”
JH"? S the depth of necrosis. Currently, the light source applied in photodynamic

~ePYare those of helium - neon lasers (633 nm), gallium - aluminum - arsenide diode
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ot rmed with a diode laser with power settings at 630nm wavelength, 2mW
ik
a3 nd continuous mode irradiated with toluidine blue-O (1mg/ml) solution s «

r?

N w_sensitizﬂf-
Pho In addition to clinical evaluation, microbiological analysis was conducted to

; the question whether topical application of PDT as an adjunct to SRP can

| ve the effectiveness of the treatment.

bactericidal effect of antimicrobial photodynamic therapy on periodontal pathogens

heen demonstrated in several studies. Bhatti et al. demonstrated that the optimal
has

centration of toluidine blue O to kill P. gingivalis was 12.5 mg/ml with helium-neon
con

jser_irradiation. In addition, they revealed, by transmission electron microscopic
camination that the bactericidal effect of light-activated toluidine blue O against P.
e ?

j gingivalis was caused by disruption of the outer membrane proteins of those bacteria.”
l.

Recently, Qin et al. investigated the optimal parameters required for effective
antimicrobial photodynamic therapy-induced killing of supragingival periodontal
pathogens using the combination of different toluidine blue O concentrations and laser-
' imadiation energies and reported that diode laser irradiation at 12 J/cm2 with 1 mg/ ml

E of toluidine blue O was the most effective :::nptic:-n.32 Chan and Lai showed that in the

presence of methylene blue, the wavelengths of 632.8 nm (helium—neon laser) and 620

‘and 830 nm (diode laser) had a high bactericidal effect on periodontal pathogens. In

black- vigmented bacteria such as P. gingivalis and Prevotella species, the endogenous
i

i"-f'ﬂ"'f"*f'*'i?'f'ﬁi nres : hot itizer.” In this study, the
PIPIyTInS present on the bacteria may also act as a photosensitizer. Y
1'.-'

L
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o - I
- |
=

affect of PDT on p. gingivalis was investipated and the confirmatory analysis

e B al-time PCR (Polymerase Chain Reaction) using specific primers.
uS

The results of the current study showed that the mean PD decreased

ix months after treatment and the decrease was evident slightly higher in

an in SRP group. At final evaluation (i.e. the mean change from baseline to

), the Jecrease 1N PD of PDT group (22.8%) was found to be 2.3% higher (effect
mo?
com pared to SRP group (20.5%).However, inter-group differences were not

b

size)

ggnif
it 1

three months after baseline, although the PD reduction in the test group was higher
grouP

1 the control group,84 Similar results were reported by Yilmaz et al after 3 and

ant -onsistent with the results of a study of Polansky et al, who did not report
cant,

ences in probing pocket depth between the SRP group and the PDT-SRP

(han that

ths. ¥ Anderson et al and Christodoulides et al also reported significant decrease in
¢ months.

pp with the use of PDT as an adjunct to QRp $6-87

One of the reasons for insignificant inter-group PD reduction is good

plaque control by the patients. In this study, except for 3 patients with poor oral hygiene,

he remaining patients had good plaque control, with a lower plaque scores. Therefore,

«dministration of PDT in patients with good plaque control and healthy patients with no

systemic disease can be questioned as it could not have additional benefits over SRP. As

aresult, monitoring the application of PD1 can be focused on patients with compromised

condition and also in more severe forms of periodontitis, like aggressive periodontitis or

e P (19.4%) was found to be 3.6% higher (effect size) as compared to SRP group
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. ete removal of plaque and calculus is not always

possible especially in inaccessible
A deeper ‘
| 'ﬁw - pockets and furcation areas. Thus, the better clinical outcome in the

DT group compared to the SRP group in the present study might be attributed partly w

e effect of photosensitization on viability of periodontal pathogens in these sites

Also, at 6 months, PDT with SRP resulted in significant

W@t in plaque scores as compared to SRP alone.The decrease in Pl of PDT
group (27.2%) was found to be 3.7% higher (effect size) as compared to SRP group

(234%). These findings are in agreement with the results found by Yilmaz et al".

138 139

. Chondros et al® and also in a recent controlled climcal

Andersen et al®®. Braun et a
trial by Qadri and associates in which they found that treatment with low-level laser
imadiation as an adjunct to conventional SRP in periodontal subjects significantly

 reduced periodontal gingival inflammation.”’ In that study, gingival inflammation was

EQW through a sampled volume of gingival crevicular fluid (GCF) that was analyzed

A

for elastase activity, interleukin-1b and metalloproteinase-8 (MMP-8). The decrease in

¥

otal volume of GCF was significantly greater in the laser group, and the difference in

b bl

M

ieasured MMP-8 approached significance.

Since higher plaque ScCOTes in multiple examinations with increasing

ik i« correlated with the progression of periodontitis, controlling Gingiva
JCpin 1s CO

matic by maintaining pockets at least in a healthy condition can

be a successful
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 gptions especially in patients in which periodontal surgery is contraindicated.

et .
'.. ﬁﬁ Jive results of PDT on plaque score reduction may provide some advantages to

qhe pos!

this goal. No adverse reaction was observed from PDT. It is of utmost
ve

ie because it can facilitate its use in clinical practice. Moreover, it does not have
an

of the disadvantages of systemic antibiotics, such as the emergence of resistant

Considering that periodontal disease is caused by disequilibrium between
and host defense system, monitoring the number of pathogens like 7.

qlis is necessary before and after treatment.”’ Detection of pathogens is influenced
# 11’
ging

Jetection methods. Real-time polymerase chain reaction by double fluorescent probes
by d¢

. Jes precise quantification of bacteria and is one of the most accurate technologies in
1
prov

ihis field.

In the current study, P. gingivalis count decreased significantly after

i« months, with no significant differences between the two groups. The results showed
S ;

the decrease in P. Gingivalis count of PDT group (96.4%) was 4.4% higher (eftect size)

as compared to SRP group (92.0%). These results are similar to the results obtained by

Chondros et al in which they found that P. gingivalis count decreased three months after

' ignt ” | olansk
treatment but inter group differences were not significant.”~ Also, in a study by P y

et al, P. gingivalis counts decreased in both PDT and SRP groups, without significant

inter-group differences.”’ Christodoulides et al and Cappuyns et al reported similar trends

In their studies.””

Although the susceptibility of periodontal pathogens to photodynamic therapy has been

Shown in vivo, its bactericidal effects in human studies is not well established because

56
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combined with scaling and root planing shows greater reduction in pocket depth

e

# plaque scores and greater gain in clinical attachment level. It is suggested that further

hggitudinal studies with a larger sample size are required to confirm the findings of this

qudy and implement the use of photodynamic therapy in daily clinical practice.
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i “ of present study revealed thay:

?f'
!
E_-

pholodynumic therapy.

, In addition, the microbiological analysis done to determine the bactericidal effect

5 D adwotunlle s o)
of PDT on P. gingivalis revealed significant decrease in the count of the bacteria

at baseline and six months post treatment.

it can be concluded that photodynamic therapy is an Interesting and effective therapeutic
approach towards the treatment of periodontitis. Within its limits, the present study

demonstrated that adjunctive PDT resulted in reduction of pocket depth, gain in clinical

attachment level and decrease in the count of P. gingivalis

| Conventional treatment such as scaling and root planing for removal of plaque and
calculus are the basis of any periodontal treatment. are upgraded by antimicrobial
- photodynamic therapy mainly due to its powerful decontaminating effect.

- Photodynamic therapy induces a significant reduction of bacteria without any invasive

- fﬁffects What is more, it enables a hi gh level of disinfection of the oral cavity, preventing

“CKS by bacteria and thus eliminating the direct cause of the infection, stopping

SIS of the disease and extending the prognosis for the tooth involved.
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SUMMARY

__riodontitis (CP) is a chronic i
onic P* o nflammatory response to the accumulation of

i ial plaque and calculus on the root surface of fhe tooth; this condition leads to

. ‘ i down of the surrounding periodontal tissues, The gold standard for the non-surgical

ment of periodontal disease is scaling and root planing (SRP). In SRP, the removal of

ofien difficult to achieve with both methods.

Recently; photodynamic therapy (PDT) has been introduced in periodontal therapy in an
stempt t0 1IMprove the effectiveness and efficiency of root surface debridement and

hacterial elimination and to overcome the above mentioned limitations of SRP.

PDT involves three components: light, a photosensitizer, and tissue oxygen. Laser is the

preferred source of light for photodynamic therapy because it emits coherent,

monochromatic, intense and unidirectional light while methylene blue and toluidine blue
O are very effective photosensitizing agents for the inactivation of both gram-positive

| "'r and gram-negative bacteria. Upon irradiation, the photosensitizer undergoes a transition

ﬁffﬂm a low energy ground state to a higher energy triplet state, which can then react with

-r

m,“. to produce free radicals (type I reaction), or with molecular oxygen to

11
I|.I

: “' C hlghly reactive singlet oxygen (type II reaction),leading to cell death.

S llumerous in vitro and in vivo studies have clearly demonstrated its effective and

dactericidal effect and is extensively studied in periodontics due to its technical
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inical and microbiological parameters

phelp o ¢

 total of 30 subjects reporting to the OPD of Department of Periodontics aged between

25-50 years were selected for the study. The study protocol was explained to all patients

and those who fulfilled the criteria were enrolled in the study. After clinical and

I.‘,,_c[i.a;;graphic assessment, two quadrants were randomly selected in each subject which

would receive either scaling and root planing along with photodynamic therapy (PDT
GROUP) or scaling and root planing alone (SRP GROUP). Plaque index (PI), probing

| depth (PD) and clinical attachment level (CAL) were recorded for both the groups.

Subgingival plaque samples were collected for microbiological analysis from the selected

PDT and SRP sites. Atter full mouth scaling and root planing, PDT was performed with a
diode laser with power settings at 630nm wavelength, 2mW output and continuous mode
"= _' qifradiated with toluidine blue-O (Img/ml) solution as a photosensitizer in one of the
'quadrant (PDT GROUP) while the other selected quadrant acted as a placebo (SRP
- @ OUP) The photosensitizer was applied to the bottom of the periodontal pocket with

:! 1
- Belp of an insulin syringe. After 3 minutes of action the photosensitizer was rinsed

With ca: . '
Hiy:-:: and exposed to diode laser for 30 seconds at each site. After the procedure,
uarg glene Instructions were given to the patients and were advised to visit the clinic

L!

~BUl¢ for evaluation.
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. mon iths, plaque samples were collected from the same sites and clinical

were re-recorded. After analysis of the data from the baseline and six months

o ﬂ,ﬁatment the following results were found.

aﬂ“
"I’h‘ ean Plaque index (P1), probing depth (PD) and clinical attachment level (CAL)

B ? %) comparatively after the treatment and the decrease was evident slightly higher
B o1 than SRP group. At final evaluation (i.e. the mean change from baseline to 6
in

lﬂonth), the decrease 1n PI of PDT group (27.2%) was found to be 3.7% higher (effect
ze) 85 compared to SRP group (23.4%), ), the decrease in PD of PDT group (22.8%)

as found t0 be 2.3% higher (effect size) as compared to SRP group (20.5%) and the
Jecrease 10 CAL of PDT group (19.4%) was found to be 3.6% higher (effect size) as

ompared to SRP group (15.9%).

The microbiological analysis of P. gingivalis was done for evaluating the bactericidal
effect of PDT and at final evaluation (i.e. the mean change from baseline to 6 month), the
decrease in P. Gingivalis count of PDT group (96.4%) was 4.4% higher (effect size) as

compared to SRP group (92.0%).

50, it can be concluded that, within the limitations of the study;, subgingival application
.:_ of photodynamic therapy combined with scaling and root planing shows greater reduction

In pocket depth and plaque scores and greater gain in clinical attachment level.
b

Qﬂﬂi\fentional treatment such as scaling and root planing for removal of plaque and

‘ are the basis of any periodontal treatment, are upgraded by antimicrobial
a:-f-‘-ﬂfiiﬂ_’f_ﬂ' 1amic therapy mainly due to its powerful decontaminating effect. It is suggested
_. '”Ifﬁi.,”' longitudinal studies with a larger sample size are required to confirm the

r.l ; :
b L:
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INDICES: (After 6 months)
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OBSERVATIONS
GROUP I: SRP
CLINICAL
PLAQUE | PROBING | ATTACHMEN | P.Gingivalis
| INDEX DEPTH (mm) | T LEVEL (mm) | count (CFU/ml)
Baselin 6 Baselin 6 | Baselin 6 Baselin | -
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' SNO | e | month e | month e month e month |
| ] I il
| [ 200000
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| |
oo R — | R
| 300000
|
|
3 1.82 142 | 2531 | 198 | 225 | 1.88 0 | 300000
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p ) e - o = = A
' 1562 | 1.17 | 2763 | 223 | 476 | 3.98 | 30000 | 3000
e oo | | S STRSOrTN |
. 189 | 3.736 | 2.536 | 300000 | 3000
1367 | 1.052 | 2.602 | 2013 | 435 | 3.82 [ 300000 | 10000
.'..fl-[
s ' | |
"8 | 1512 [ 1122 | 2593 | 2026 | 4736 | 3.82 | 300000 | 100000 |
e I
S l | _|
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GROUP II: SRP + PDT

R S

CLINICAL
PLAQUE PROBING | ATTACHMEN | P.Gingivalis
INDEX DEPTH (mm) | T LEVEL (mm) | count (CFU/ml)
6 Baselin 6 Baselin| 6 | Baselin | 6
month € month e month l e | month |
. » — ey
205 | 214 | 1.56 | 200000 | 10000 |

1.73 “ 200000 | 10000
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1 L
. 1
| B
1
i
) |
i

.. 3 1.87

1537

5 | 1756 | 123 | 2226 | 2116 | 4665 | 323 | o | 100000
| R oy \L_ |
6 | 1.642 | 1.121 2.32 1.73 3.63 2.46 | 300000 | 10000
7 | 1704 | 1217 | 253 [ 184 | 452 | 3.72 | 200000 l 1000 |
I’/s'ﬁ 1.505 | 1.103 | 253 | 196 | 463 | 3.71 | 200000 | 10000
J L. ) A I |
9 1.366 ‘ 1.116 | 2.14 1.83 | 472 | 3.82 | 200000 | 10000
n 1.523 | 1.126 | 2.576 | 2.06 | 4.665 | 3.865 | 200000 | 100000
1 e 1. i e | | —
11 | 1572 | 1.196 | 2.73 206 | 4.65 3.6 | 300000 | 10000
12 | 161 | 1.196 | 2865 | 2263 | 455 | 39 | 200000 [ 10000
- " 1.43 Lo.ds T 273 | 213 | 437 T 36 1200000 | 10000 |
T | I ] 7200000
' 1223 | 3.56 3.1 276 | 2.03 0 10000
‘ |
= b | L
124 | 322 | 246 | 4466 | 4.054 | 20000 | 100 |
|
i
Jeai - - ===
¥ 200000 | '
2.72 162 | 2.116 | 1.626 0 | 100000
0| I B
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1.642 | 1.121 —t - 4 ]
2.32 r].73 363 | 246 | 200000 @ 16680
A‘f 200000 I
1366 | 1.116 | 2.143 | 183 | 471 i 372 | o | ses0s
- —-—..L " N—

1.04 2.76 206 | 4554 | 398 | 20000 | o0
+. | S B "

1.24 3.22 | 246 | 446 | 401 0 L0060
132 | 245 | 1.63 | 206 | 136 | 300000 | 16665

1.006

2.623

i

i

2.23

2.05

1.76 | 200000 | 1000 |

‘“ 1217 | 2534 | 2.043 | 3.743 l‘z.m | 200000 | 10000 |
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Arithmetic Mean

The most widely used measure of centra] tendency is arithmetic mean. usually referred to

simply as the mean, calculated as

Standard Deviation and Standard Error
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- | B (stan dard error of the mean) is calculated ag

i
g

(=

L2
1
1
s i
s B
h
4 -

r
B

B SD

! SE
| \/ n

where, 0= no. of observations

Analysis of Variance

Analysis of variance (ANOVA) is used when we compare more than two groups

~ gmultaneously. The purpose of one-way ANOVA is to find out whether data from

E
T
1

several groups have a common mean. That is, to determine whether the groups are
,-.t,ually different in the measured characteristic. One way ANOVA is a simple special
case of the linear model. For more than two independent groups, simple parametric
ANOVA is used when variables under consideration follows Continuous exercise group
n.-; bution and groups variances are homogeneous otherwise non parametric alternative

Krt J -Wallis (H) ANOVA by ranks is used. The one way ANOVA form of the model
iskal-V

S a matrix of observations in which each column represents a different group.
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| —————————————

o ¢, is a matrix whose columns are (he group means (the “dot j” notation means

g . th v
that o applies to all rows of the j= column i.c. the value  is the same for all i),

o gjisa matrix of random disturbances.

The model posits that the columns of Y are a constant plus a random disturbance. We

want to know if the constants are all the same.

Tukey multiple comparison Test

After perfonning ANOVA, Tukey HSD (honestly significant difference) post hoc test is

generally used to calculate differences between group means as

where, qi=
SE
T o~ 1 1
- +
SEi= - 5
2 _ y

q2 is the error mean square from the analysis of variance and n; and n; are number of data

in group 1 and 2 respectively.
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evel of significance "p" is the probability signifies level of significance. The mentioned

p in the text indicates the following:

p>0.05 Not significant (ns)
p <0.05 Just significant (*)
p <0.01 Moderate significant (**)

p <0.001 Highly significant (***)
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