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ABSTRACT

INTRODUCTION:

Peri-implantitis is an oral disease that is known to cause inflammatroand
Osseointegrated implants and their supporting structures due to the presencpief pla
(dental biofilm). It is caused by the accumulation of dental plaque which is a
structurally and functionally well-organized biofilm that normally maintia
homeostatic relationship with the human host. A disturbance in this balancesause
microbial shift from commensal to pathogenic periodontal pathogens that mark the
beginning of the peri-implant disease. The frontline treatment for peri-implant
diseases includes scaling and root planning (SRP) that effectively removesatjue

and restores it to a healthy state and the use of antimicrobial agents such as
Chlorhexidine that are often used as an adjunct to SRP to aid and maintain ltig hea
state of tissues. However, these antimicrobial agents have side effettsasuc
alteration of taste, discoloration of teeth, and development of antimicresmtance.

The conventional treatment doesn’t eliminate the biofilm due to its complextsteuc
Hence, there has been a shift in research towards new non-invasive technique as
LASER. However, the laser may cause some detrimental thermal efecthe
surrounding periodontal tissues, leading to potential and unexpected side effects.
Recently, an alternative approach nanaedimicrobialphotodynamicherapy (PDT)

has been developed for thikecontamination of implant surfaces. The application of
PDT in dentistry is growing rapidlyThe purpose of the current study is to assess and
compare the antimicrobial activity of Indocyanine green, Photothermal thesayoly

Photodynamic therapy on the titanium adherent biofilnPafphyromonas gingivalis.
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AlIM:

To assess and compare the antimicrobial activity of Indocyanine green, Photathe
therapy and Photodynamic therapy on titanium adherent biofillRapphyromonas

gingivalis.

MATERIALSAND METHODS:

This is an experimental in-vitro microbial study. 120 pre-sterilizeahiitm of 8mm

and thickness of 2mm was obtained and the disc was inoculated with a strain of
porphyromonas gingivalis and kept in an anaerobic chamber for 48 hours. The
inoculated disc was randomly allocated into four groups. Group 1: control group;
group 2: photosensitizer (Test group 1); group 3: Photothermal therapy (Tegt 2)o
group 4: Photodynamic therapy (Test group 3). The dye used was Indocyanine green
dye. Diode laser was used with 940 nm at 0.1 power watt at 55@mm30-40 sec. The

data were entered in Excel and analyzed statistically using the SP8&usoersion.
Intergroup comparisons were done by One-way ANOVA. A pairwise Comparison of
four groups was also carried out using an LSD post hoc test. All statistist tvere

performed at a significance level of 5% (p<0.05).

RESULTSAND CONCLUSION:

In test groups, there was a significant reductioriPanphyromonas gingivalis colony
count in ICG, PTT, and PDT groups. The maximum reductiorPanphyromonas
gingivalis bacterial colony count was noted with PDT (Mean £SD is 20.7+2.7)x10
while the minimum reduction was noted in the ICG group (MeanzSD is 51 + 2.6
x10%. Photothermal therapy also showed a reductiofP@anphyromonas gingivalis

bacterial colony count with 34.3 = 4.2x90 Therefore, it is described that
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Photodynamic therapy (PDT) showed maximum reduction Porphyromonas
gingivalis bacterial colony count when compared to other treatments protocols and

shows there is a statistically significant resulifofalue <0.001

KEYWORDS: Implant, Indocyanine green, Laser, Peri-implantitis, Photodynamic

therapy.
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I ntroduction

INTRODUCTION

Dental implants have become an established theragientistry to replace
missing teeth in different clinical situations. Theccess rate of dental implants has
been reported as 82.9% in 16 years stullyconsidered as a “safe” treatment option
by following proper care and attention of anatorhi@ad intra-individual limiting
factors during insertion of dental implants. Neketess, in the last decades, one of
the most frequent complications that has beendasé¢he presence of peri-implant
inflammations affecting both the surrounding softldnard tissues that can lead to the

loss of the implant.

Peri-implantitis is an inflammatory process thdeets the tissues around an
Osseointegrated implant and results in the lossupporting bone beyond initial
biologic bone remodeling around an implant in fimet> The prevalence of peri-
implantitis was reported from less than 7% to 37f4dnoplants. The variation of
prevalence can be associated with differencesuiiedi populations, follow-up time,
implant variables, and the criteria that had besatduo define peri-implantitfs’ Peri-
implantitis exhibit similar microbial flora as chrig periodontitis. Although there is
no consensus regarding microorganisms, the systematiew done by Perez-
Chaparro and colleagifeisientified three commonly occurring periodontathmens
associated with peri-implantitif?orphyromonas gingivalis, Treponema denticola,
andTannerella forsythia. The dental implant alsexhibits all the signs of peri-implant
diseases including exudatiancreased pocket depths, and crater-like ossedastde
that arestrictly localized around the dental implant. Ifstleft untreated, there will be
significant bone loss, infection, and mobility thaduld leads to loss of implant

osseointegration. Other predisposing factors of-ipgslantitis include the presence
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of aggressive bacteria, excessive mechanical s@esscorrosion. These factor that
could act synergistically with biofilm to worsenethcondition. Therefore, oral
microflora is considered as the defining factortfod success or the failure of a dental

implant.

Conventional management principally involves eliating the causative
pathogens and, in doing so, arresting the inflammmatesponse. Various treatment
modalities include mechanical debridement sucheasadl curettes, ultrasonic scalers,
and air-powder abrasive and chemical like citricidacH,O,, chlorhexidine
digluconate, and EDTA procedufésand laser therapy. And the basic treatment for
periodontitis and peri-implantitis is mechanicabddement. Decontamination of an
implant surfaces is a challenging goal. Because sitrew-shaped design of the
implants, combined with various surface modificatioof titanium, may facilitate
plaque accumulation, resulting in formation of lesietl biofilm. Therefore, the initial
stage of treatment includes the elimination of plagnd calculus, decontamination of
the implant surface, and maintenance of healthyditions of tissue&.On such
surfaces, mechanical debridement may have a lingfeztt and certainly does not
result in the complete removal of all adhering maganisms. Given that mechanical
debridement alone cannot eliminate all pathogens,td factors such as inaccessible
reservoirs of bacteria in the deep periodontaliisand the supporting structures. To
overcome these limitations of conventional meclartieerapy, various antimicrobial
or antiseptic agents are used as an adjunctiverteentional therapy for treatment of
periodontitis or peri-implantitis. However, due tihe development bacterial
resistance, the efficacy of these adjunctive is &fsited for periodontal treatmerit

As a result, there is a need for development @fraditive antimicrobial approaches
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for periodontal treatment. Over the years, a naeekinvasive laser therapy had been

proposed to improve the non-surgical treatmenbogtof peri-implantitis.

The laser has been proposed as a new technicallitpgddahe treatment of
periodontal diseases. Different types of lasers wmed as an effective means of
decontamination of periodontal pockets over a pedbyears. The most frequently
used laser includes a diode, erbium lasers, anddd®to their hemostatic properties,
selective calculus ablation, and bactericidal eéffecasers are known to kill bacteria
due to their high bactericidal properties, and thaye demonstrated effective killing
of oral pathogenic bacteria associated with perititle and peri-implantit®.in a
recent literature review, they summarized that eitasers are able to kill bacteria
through photo-thermal effects. Furthermore studiese shown that low-level diode
lasers are also able to inactivate the bacteridbtexins such as lipopolysaccharides
of Gram-negative bacteria involved in peri-impléiati The diode laser with a
wavelength of 940 nm used in the present studyth@sbility to decontaminate the

implant surface.

In recent years, several authors have describédtaaantimicrobial activity
and efficacy of laser light, depends on its phatatiic effects, in both in vitro and in
vivo studies:*™** Microbiological studies in periodontology have aimothat diode
laser can significantly reduce the periodontopaginag bacteria such as
Porphyromonas gingivalis, Prevotella intermedia, and  Aggregatibacter
actinomycetemcomitans (formerly Actinobacillus actinomycetemcomitans}wiethal
photosensitizatio™>*° However, lasers may cause some detrimental theeffedts

on the surrounding periodontal tissues leading atemqtial and unexpected side
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effects. As a result, there is a need for developinué alternative antimicrobial

approaches for periodontal treatment.

An alternative approach to decontamination of deirtglant surface is
antimicrobial photodynamic therapy (aPDT). The naggédm behind antimicrobial
photodynamic therapy (aPDT) is the use of a low-golaser in combination with
photosensitizing compounds. The components of [gleottizing compounds are
linked to the bacterial membrane and, when excited¢t with the substrate. The
photosensitizer binds to the target infected aalld when it is irradiated with light of
specific wavelength, in the presence of oxygennidergoes a transition from a low-
energy ground state to an excited singlet statn #inglet oxygen and other very

reactive agents are produced, which are toxicrgetad infected cell¥.

Typically, an aPDT has been assessed in the cordéxtonventional
photosensitising agents, such as toluidine blue amethylene blue. These
conventional agents act through photochemical measappear to be of limited
clinical benefit®?°. However, contemporary photosensitising agent® hew been
developed, with the promise of greater efficacythe management of periodontal
disease. One such photosensitising agent that mmoaly investigated is
indocyanine green (ICG). This anionic photosensitisas a peak absorption higher
than conventional agents and displays its effecisigoily through photothermal
activity, which is in contrast to the conventioagkents that exert their effects through

photochemical mearf$?®

Moreover, ICG has in vitro shown to be taken upniicant result in
periodontal pathogens, namelhAggregatibacter actinomycetemcomitans, and is

therefore highly efficacious in eliminating micrganisms highly associated with
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periodontitis.Furthermore, ICG mediated photodyrmantherapy (ICG-PDT) is
effective in eliminating antimicrobial-resistantrans of commonly occurring
bacterial species. Collectively, this evidence datiés that ICG-PDT may provide
clinical benefits in scenarios which are outsides themit of conventional

antimicrobialé.

However, there is no overall consensus on theaddirtvenefits of ICG-PDT,
and therefore, robust synthesis of the literatwauating ICG — PDT is required in
order to establish whether it may be beneficial tttgw management of periodontal
disease, and current evidence is based solely upotdated conventional
photosensitizing agents. Thus, the aim of thisiirewstudy is to compare the efficacy
of photothermal therapy, indocyanine green andraatobial photodynamic therapy
against periodontal pathogen nam®&grphyromonas gingivalis that is adherent on

titanium disc.
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AIM AND OBJECTIVES

AIM OF THE STUDY:

» To access and compare the effect of Indocyanine green, photothermal therapy
and photodynamic therapy on titanium adherent biofilm of Porphyromonas

gingivalis.

OBJECTIVESOF THE STUDY:

» To access the effect of photosensitizer (Indocyanine-green) on titanium coated

biofilm of Porphyromonas gingivalis.

» To access the effect of Photothermal therapy (Diode laser) on titanium coated

biofilm of Porphyromonas gingivalis.

* To access the effect of Photodynamic therapy (indocyanine green + Diode

laser) on titanium coated biofilm of Porphyromonas gingivalis.

 To compare the effect of the photosensitizer, photothermal therapy and
photodynamic therapy on titanium coated biofilm of Porphyromonas

gingivalis
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REVIEW OF LITERATURE

The goal of modern dentistry is to restore theguatto normal function,
speech, health and aesthetics. The evolution in riwern age of dental
implantology began with the introduction of a twage threaded titanium root-form
implant. Dr P Branemark who is known as the fatbérmodern implantology
developed and tested a system using pure titantmews which he termed fixtures.
These were first placed in 1965 and were the fadbe well-documented and the

most well-maintained dental implant so Tar.

Currently, commercially pure titanium and Ti-Al-Ml@ay have become the
gold standard in implant dentistry, although cerammaterials with the use of
zirconium dioxide and innovative metallic alloys earattracting interest in
implantology® Nevertheless, in the last decades, one of the ni@suent
complications has been raised is the presencerisinpglant inflammations affecting
both the surrounding soft and hard tissues thatlead to the loss of the implant.
Therefore, in dentistry strategies should be ittt in modern rehabilitation

concepts for prevention and treatment of peri-imptisease.

Over the years, the use of the laser in dentisay been increased and
improved. Laser irradiation exhibits strong ablatibaemostasis, detoxification and
bactericidal effects on the human body. These tffexan be useful during
periodontal treatment, especially for handling loé tsoft tissue as well as for the
debridement of diseased tissues. The laser agphcat the periodontal treatment is
a part of a non-surgical and act as adjunct toisalrgapproaches, is used for
periodontal pockets decontamination due to itsdyatial effect, and the removal of

granulation tissues, inflamed and diseased epitimelining, bacterial deposits and
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subgingival calculus. Thus, laser therapy servesarasalternative or adjunctive
therapy to mechanical approaches, in periodontxiagly. Each laser has different
characteristics because of their different wavelengThus, the operator must be
aware of the possible risks involved in clinicapbgations, and precaution must be
exercised to minimize these risks when performemgei therapy. However, lasers
may cause some detrimental thermal effects on uh@wnding periodontal tissues

leading to potential and unexpected side effects.

As a result, there is a need for development dcdriaditive antimicrobial
approaches for periodontal treatmelRecent advances in treating periodontal and
peri-implant diseases are antimicrobial photodymatherapy (aPDT) which is a
two-stage treatment that combines light energy wathdrug (photosensitizer)
designed to destroy cancerous and precancerous ea#ér light activation.
Photosensitizers are activated by a specific waggheof light energy, usually from
a laser. The photosensitizer is nontoxic untiiactivated by light. However, after

light activation, the photosensitizer becomes tdaithe targeted tissue.

Several photosensitizer drugs are available toolanett a variety of diseases,
including acne, psoriasis, age-related macular rergdion, and several cancers,

such as skin, lung, brain, bladder, pancreas doit#, esophagus, and head and neck.

In addition to treating these conditions, PDT distps treat bacterial, fungal
and viral infections. Studies have shown that lilgist-based therapy can trigger the
body's immune response, giving your body anotheansdo help destroy infected

cells and tissues.
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1. Azizi B et al (2019); In this study the author had randomly divided the
implantsinto four experimental groups and two control ge@p = 12 each),
the following treatment protocols followed in thitudy include -Group 1
(PDT1)-PDT with toluidine blue; Group 2 (PDT2)-PDilith phenothiazine
chloride dye; Group 3 (LAD)-light emitting diode ED) with toluidine blue;
Group 4 (TB)-treatment with only toluidine blue. tme positive control (PC)
group, the implants were treated with a 0.2% clawritine- based solution,
and in the negative control (NC) group, no treatme&as used. From this
studythey concluded that there ishaghest bacterial reduction were recorded
in the PDT1 (PDT with toluidine) - 98.3% and PDTZDT with
phenothiazine chloride dye) - 97.8% groups both idtavstatistically
significant reduction compared to Negative Cont(NIC) group (<0.05).
Light-activated device was less effective than PDard PDT2, without
statistically significant difference compared wWNIC or any other treatment
group and from this study, they considered thisn@notobial photodynamic
therapy as asuccessful alternative treatment option for deauirating
titanium dental implants. This effective treatmeptotocol should be
established for decontaminating implant surfaced ahould be further

investigated in clinical studies.

2. Ghasemi M et al (2019); In this study, theynvestigated the effect of aPDT
with laser or light emitting diode (LED) comparedittw conventional
chlorhexidine treatment on the titanium-attacheafilons of Aggregatibacter
actinomycetemcomitans. They used Thirty-six acahetl and sandblasted
(SLA) titanium discs and were allocated to six grewand the disc were

incubated with the titanium-adherent biofilms of @&ctinomycetemcomitans.
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A negative control is no treatment has done, p@sitiontrol group they used
0.2% chlorhexidine solution, TBO group containsOof mg/mL Toluidine
Blue [TBO], PDT group includes aPDT-treated sulgdceither with diode
laser with a wavelength of 635 nm wavelength or LEMD@h the peak
wavelength of 630 nm with TBO as photosensitized aterile control (not
contaminated). And at last number of colony-formungts (CFUs) per disc
were calculated. From this studgncluded that both Light activated devices
and diode lasers have a lower ability to suppresactinomycetemcomitans
biofiilms compared to 0.2% chlorhexidine in vitro. omever, the
photodynamic therapy with the use of LED as a lightirce and Toluidine
Blue-O as a photosensitive agent could be an apptepalternative to

conventional chlorhexidine treatment.

. Smeo K et al (2018); In this study, the author conducted a descriptiedysis
by reviewing both in vivo and in vitro studies migirtoncerned about the
anti-bacterial effect of diode lasers (810nm, 940r880nm) on implant
surfaces at various parameters for peri-implantaghe In this review author
search was limited to 10 years and mainly focused’obMed and Google
Scholar from January 2007- March 2017). The auttmicluded that the
Diode laser is an effective adjunctive tool in threatment of peri-implantitis
in combination with mechanical therapy and it ddesave any negative
effect on surrounding soft and hard tissues onamtpsurfaces and concluded
that 810 nm wavelength with low average power gomgr@priate irradiation
time to treat the peri-implantitis had given sigrant result without affecting

or altering the surrounding tissues and it enstinescomplete removal of
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inflammatory signs such as Bleeding on probing cket depth and
suppuration, whereas a conventional therapy canebfiminate or
decontaminate bacteria completely and effectivédyne Complete or almost
complete elimination of bacteria from the implantface needed for treatment
of peri-implantitis with-out increase of tempera&uwr surface characteristic
changes of the implant surfaces according to tiweewed vivo and vitro
studies can be achieved by using a diode lasenBi@s adjunctive tool and
in combination with a conventional therapy with awgr not more 1 W in
continuous wave mode for 20 s five times with 3pasise (after each 20-s
application time) or pulse wave mode for 100-msseufluration to ensure
completely removal of inflammatory signs such asPB®D, suppuration, and
bone loss, whereas a conventional therapy can lwinate a bacteria
completely and effectively alone he present studypsato conduct a
descriptive analysis by reviewing in vivo and itreistudies concerned with
the antibacterial effect of diode lasers (810 n4@ @m, and 980 nm) and their
effects on implant surfaces at different parametirs peri-implantitis
treatment. Materials and methods The PubMed and@yl@dacholar had been
used to search for articles focused on the angbatteffect of diode lasers
(810 nm, 940 nm, and 980 nm) in the treatment ofipglantitis and their
effects on implant surfaces. This literature seanas limited to 10 years
(January 2007-March 2017). Results Diode lasemiféective adjunctive
tool in treatment of peri-implantitis in combinatiowith a conventional
therapy without any negative effect on the surranmaoft and hard tissues,
and on the implant surfaces where the favorabtengstregarding to vivo and

vitro studies are 810 nm in non-contact continuwase mode at 1 W for 20 s,
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five times with 30-s pause after each 20-s apptinaime, and 60Qm fiber

tip or 810 nm in non-contact pulse wave mode at ,150/Hz and a pulse
duration of 100 ms/pulse, 30-s application timetifBes for each side).
Conclusion Eight hundred ten-nanometer diode lasarelength with a low
average power and appropriate irradiation timetttb® peri-implantitis
significantly without affecting the surrounding sises or alteration of the

implant surface

. Azizi B et al (2018); In this study,the author evaluated the antimicrobial
efficacy of photodynamic therapy (PDT) and lightheated disinfection
(LAD) on zirconia dental implants contaminated wittiee bacterial species
and investigated PDT and LAD and had seen if tla@esany alterations in
implant surface. In this study, they have takenarira dental implants (n=72)
and incubated them with three bacterial specie$ imeudes Prevotella
intermedia, Actinomyces actinomycetemcomitans, and Porphyromonas
gingivalis. According to the decontamination protocal the mmp$ were
randomly divided into four groups (n=12 dental iangis/each). The groups
include - Group 1 (PDT1) - PDT (660 nm, 100 mW) hwibluidine blue;
Group 2 (PDT2) - PDT (660 nm, 100 mW) with phenatime chloride dye;
Group 3 (LAD) - light emitting diode (LED) with toidine blue; and Group 4
(TB) - toluidine blue without the application ofyht. positive control (PC)
group implants were treated with a 0.2% chlorhewaebased solution, and
those implants assigned to negative control (N©ugrdid not undergo any
treatment After 72 hours, the colony forming units (CFU) weteunted.

Distinctive colonies were confirmed with MALDI Bigper. The implants
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were analyzed using scanning electron microscofEMjSto evaluate the
possible surface alterations due to PDT or LAD. Il siudy groups had
significant reductions in the number of CFUs comepawith the Negative
control (NC). PDTLIBO) (98.3%) the PDTZ2Phenothiazine chlorine dye)
(97.8%) and the LAD groups had the largest bacterial cedn with respect
to each bacterial species separately and theltataérial count, and they were
more efficient compared with the TB group. They daded that both PDT
and LAD showed had high and equal effectivenessldoontamination of

zirconia dental implants.

Birang E et al (2019); In this in-vivo study, the contaminated discs, gtce
for the negative control group, other discs wemdoamly undergone one of
five treatments that includes Erbium: Yttrium Alumam Garnet (Er-YAG)
laser, plastic curette, 0.12% chlorhexidine, PDiAd 810nm diode laser. A
spectrophotometer was used to measure Optical De@D) in the case of
aerobic microorganisms. Colony-Forming Units (CFUsgre used for
anaerobic bacteria. And they investigated the eftdcstudy methods on
anaerobic bacteria after 48 hours, and the reshitsved a significant
difference among 6 groups in terms of CFUs (P <D.0Brom this study the
author concluded that all five mechanicals (plasticette), chemical (CHX),
laser (810nm diode and Er. YAG), and aPDT methoaisidc reduce oral
biofilms from roughed surfaces of titanium discsut Bomparing all five
treatments Er: YAG laser had the highest effects glastic curette had the

lowest effects.
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6. Birang E et al (2017); In this randomized clinical trial, the author e\atked
the effectiveness of photodynamic therapy with lewel diode laser in 40
implants presenting primary peri-implantitis in patients. Before starting
with laser and photodynamic therapy, conventiomahtment comprising
scaling and root planing (SRP) was accomplishedtter whole mouth by
mechanical debridement with titanium curettes angb@ishing with sodium
bicarbonate powder was accomplished around theamgl And then implants
were randomly divided into two groups and treatdth WT (control) and PDT
(test). The clinical indices were measured at li@seb weeks and 3 months
after treatment. Real-time polymerase chain reac{ild®CR) was used for
analysis of microbial samples at baseline and 3tmdmilow-up. And they
concluded that both groups showed statisticallyifizant improvements in
terms of bleeding on probing (P0.05). The number Agfgregatibacter
actinomycetemcomitans (P=0.022), Tannerella foraytiiP=0.038) and
Porphyromonas gingivalis (P=0.05) in the test gr@ma Porphyromonas
gingivalis (P=0.015) in the control group signiintly decreased. But the
author suggested that both LT and PDT have sigmfishort-term benefits in

the treatment of primary peri-implantitis.

7. Saffarpour A et al (2016); In this study ,the author had used fifty SLA
implants wivided into five groups and were inculbatewith A
actinomycetemcomitans bacteria to form bacterial biofilm. The groups
included in this study were Group 1 underwent BiGrlaser radiation (with
10-Hz frequency, 100-mJ energy, and 1-W power)ugrd was subjected to
LED (with 630-nm wavelength and maximum output msi¢y of 2.000 to

4.000 mW/cm2) and TBO as a photosensitizer; growas exposed to diode
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laser radiation (with 810-nm wavelength and 300-mpdWer) and ICG-based
PS; and group 4 was immersed in 2% CHX. Group 5 thascontrol group,
and the samples were rinsed with normal saline. itmmber of colony-
forming units (CFU) per implant was then calculat®dta were analyzed and
the five groups were compared and they concludattttere is a significant
difference was found between the control group twedother groups (P &lt;
.01). The lowest mean of CFU per implant count wagroup 4 (P &lt; .01),
and the highest mean belonged to the control griebptodynamic therapy by
TBO + LED and ICG-based PS + diode laser was mibeeteve than Er:YAG
laser irradiation in suppression of this organigt&(t; .01). There was no
significant difference between groups 2 and 3.d#iynthe author concluded
the antibacterial effect of 2% CHX was greater thiaat of other treatment

methods that were compared in this study.

Bouhout Y et al (2015); In this review of literature, the author aim is to
review the efficacy of erbium: Yttrium-aluminum-g&t and neodymium:
Yttrium-aluminium-garnet laser treatment could eithreplace or complete
conventional mechanical/surgical periodontal tremita because over the
years, the use of laser in dentistry had been ase@ and improved. In
periodontal and peri-implant treatment the applicabf laser takes part as a
non-surgical approaches or adjunct to the surgiegdproach for
decontamination of periodontal pockets due to #stéricidal effect and it
helps in removal of granulation tissues, inflamed aliseased epithelial
lining, and bacterial deposits and subgingival aiais. In spite of its beneficial

effect, the capacity of laser to replace the cotisaal treatment for chronic
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periodontitis is still debatable. In this reviewetlauthor concluded that the
laser therapy could be replace or even add ont@auwventional periodontal
treatment is still doubtful. So future studies netxd determine laser
effectiveness for root scaling and planning, renmhowva calculus,
decontamination of bacteria and specially, manydoamzed clinical trials
should be performed by independent researcheredgr ®o demonstrated the

real role of lasers in the management of periodamtd peri-implant patients.

Roncati M et al (2013); In this case report, the author had used an 810-nm
diode laser to treat non-surgically 7-mm pocketuatban implant that had
five threads of bone loss, Bleeding on Probing, exddate, and the patient
was followed up for 5 vyears. Non-surgical treatmefitome care
reinforcement, clinical indices records, and rachpfic examination were
completed in two consecutive 1-h appointments wid h. The patient was
monitored frequently for the first 3 months. Suhssg, maintenance
debridement visits were scheduled at 3-month ialenBy this treatment the
patient had a decreased probing pocket depth andgative Bleeding on
probing index compared to initial clinical data,dathe results were stable
after 1 year. After 5 years of follow-up visitsetle appeared to be rebound of
the bone level radiographically. The author conetidy the limits of this
case report, conventional non-surgical periodathiatapy with the adjunctive
use of an 810-nm diode laser may be a feasiblenalige approach for the

management of peri-implantitis.

Aykol G et al (2011); In this study the author evaluated the effect of level

laser therapy (LLLT) as an adjunct to non-surgipaftiodontal therapy of
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patients with moderate to advanced chronic perittienThe LLLT group
received GaAlAs diode laser therapy with a wavelleraf 808 nm; Energy
density of 4 J/cm2 was applied to the gingival acef after periodontal
treatment on the first, second, and seventh daysrder to investigate the
effect of smoking on treatment, each of the LLLTdaontrol groups was
divided into two groups as smoking and non-smokpagients. Gingival
crevicular fluid samples were collected from alltipats and clinical
parameters include sulcus bleeding index (SBlpjicdil attachment level, and
probing depth (PD) levels were recorded on basgeliveefirst, third, and sixth
months after treatment. From GCF samples matrixioptateinase-1, tissue
inhibitor matrix metalloproteinase-1, transformirgyowth factor-bl, and
basic-fibroblast growth factor levels were measutedhis study the primary
outcome was gingival bleeding and inflammation. &ttime points, the
LLLT group showed significantly more improvementsulcus bleeding index
(SBI), clinical attachment level, and probing def@b) levels compared to
the control group (P <0.001). In smokers and nookaris also there were
clinically significant improvement in the laser-dipd smokers’ PD and SBI
levels compared to smokers to whom a laser wasapplied, between the
baseline and all time points (P <0.001) (SBI sceowatrol group 1.12, LLLT
group 1.49; PD: control group 1.21 mm, LLLT grouptd mm, between
baseline and 6months). Basic-fibroblast growth dadevels significantly
decreased in both groups in the first month aftertteatment, then increased
in the third and sixth months (P <0.005). To codeluhat LLLT as an
adjunctive therapy to non-surgical periodontal tireant improves periodontal

healing.
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RESULT AND OBSERVATIONS

This in-vitro study was conducted on 120 sterilartium discs contaminated
with P. gingivalis. The antimicrobial effect of different treatmenbfwcols on biofilm
formation of P. gingivalis is presented in Table 1. It shows the count obmyl
forming unit/ml in all the groups (i.e., Controlayp, Indocyanine group (ICG),
Photothermal therapy (PTT) and Photodynamic the(&RyT). It was observed that
most contaminated group was control group (steinGyhich no treatment protocol
was applied. In the present study it was observatithere was a significant reduction
in P. gingivalis colony count in ICG, PTT and PDrogp when compared with the
control group. (Table 1). The maximum reductiomacterial colony count was noted
with PDT while minimum reduction was noted in ICGogp. Therefore, it is
described that Photodynamic therapy (PDT) showediman reduction inP.

gingivalis bacterial colony count when compared to othetttneat protocol.

Table 1: COLONY FORMING UNIT

COLONY FORMING UNIT - CFU / ml
CONTROL INDOCYANINE LASER PHOTODYNAMIC

GREEN DYE (BIOLASE) THERAPY

60 x 10 52 x10 28 x 10 24 x 10

64 x 10 48 x 10 36 x 10 20x 10

60 x 10 56 x 10 40 x 10 20x 10

56 x 10 52 x 10 28 x 10 16 x 10

64 x 10 52 x10 36 x 10 20x 10

68 x 10 48 x 10 40 x 10 20%x 10

60 x 10 52 x 10 32 x10 24 x 10
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60 x 10 52 x 10 32x10 24 x 10
64 x 10 48 x 10 36 x 10 20 x 10
60 x 10 56 x 10 28 x 10 20 x 10
56 x 10 52 x 10 32 x10 16 x 10
64 x 10 52 x 10 36 x 10 24 x 10
68 x 10 48 x 10 40 x 10 20 x 10
60 x 10 52 x 10 32x10 24 x 10
68 x 10 52 x 10 40 x 10 16 x 10
64 x 10 48 x 10 36 x 10 20x 10
60 x 10 56 x 10 28 x 10 20 x 10
56 x 10 52 x 10 32 x10 16 x 10
64 x 10 52 x 10 36 x 10 24 x 10
68 x 10 48 x 10 28 x 10 20 x 10
68 x 10 52 x 10 32 x10 20 x 10
60 x 10 48 x 10 32x10 20 x 10
60 x 10 52 x10 36 x 10 16 x 10
64 x 10 52 x 10 28 x 10 24 x 10
60 x 10 48 x 10 32x10 20 x 10
56 x 10 56 x 10 36 x 10 24 x 10
64 x 10 52 x 10 40 x 10 16 x 10
68 x 10 52 x 10 32 x10 20 x 10
60 x 10 48 x 10 40 x 10 20 x 10
60 x 10 48 x 10 40 x 10 20 x 10
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Table 2: Descriptives Analysis of CFU/ml of all graps.

DYE: Indocyanine green dye; PTT: Photothermal dapgr PDT: Photodynamic

therapy; Ster-C: Sterile control group

95% Confidence Interval
GROUPS n Mean + SD Lower Bound Upper Bound
STER -C 30 62.3 + 3.2x10 60.3x10 63.4x10
DYE 30 51+ 2.6 x10 50.9x10 52.1x10
PTT 30 34.3 £ 4.2x¥0 32x10 35.7x10
PDT 30 20.7 £ 2.7 xX¥0 19.4x10 21x10

* Shows a statistically significant result.

The descriptive analysis of all groups was doneegbmate the mean and
standard deviation. (Table 2). All test groups stsgnificant differences compared
to control group. Among test groups; Photodynarhardapy (PDT) protocol showed
statistically significant reduction in microbialdd compared to PTT and Dye groups,
demonstrating that PDT was superior in reducingrobi@l load compared to other
test groups. In comparison with mean and standawiation of all test groups; the
mean and standard deviation in PDT group is 20Z7+x10; stating that PDT is
superior in reducing microbial load. With PTT ar@d(PS) the mean and standard
deviation is 34.3 + 4.2x%(nd 51 + 2.6 x10respectively; stating that PTT protocol

is better in reducing the microbial load compa@taG(PS);(Table 2).
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Table 3: ANOVA

CFU Sum of Squares df Mean Square F p-va‘lue
Between Groups 3.07E+12 3 1.02E+12  847.650.001
Within Groups 1.4E+11 116 1.21E+09

Analysis was done to see the difference betweeer iand intra-group

comparison. ANOVA was carried out to determine difterence between and within

groups (Table 3). Between the groups the meanrdiitee was 3.07+12 and within

groups the mean difference was 1.4+11. For indaliduesult,

inter group

comparisons (i.e., multiple comparison) were cdrra@t to determine the mean

differences of control and test groups. It shoved there is a statistically significaRt

value of <0.001 between groups. (Table 3).

Table 4: Intergroup comparisons of control and tesgroups.

Multiple Comparisons

Dependent Variable: CFU

LSD
Std. Error Sig. 95% Confidence Interval
Mean

STATUS | STATUS| Difference Lower Bound| Upper Boung
STER-C DYE 10.3 8975.06 <0.001 91557.1 127109.6
STER-C PTT 28 8975.06 <0.001 262223.8 2977762
STER-C PDT 41.6 8975.06 <0.001 400890.4 436442|9
DYE PTT 17.6 8975.06 <0.001 152890.4 188442.9
DYE PDT 30.3 8975.06 <0.001 291557.1 327109.p
PTT PDT 13.6 8975.06 <0.001 120890.4 156442.9
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Result of the Post hoc test between experimentalpgr according t&-value.
The level of significance was set to 0.5. DYE: loganine green dye; PTT:

Photothermal therapy;

PDT: Photodynamic therapy; Ster-C: Sterile congrolup

*The mean difference is significant at the 0.0%lev

The inter group comparisons between Control an@rotest groups (Dye,
PDT, PTT) showed mean difference of Dye — 10.3; PRFL.6; PTT — 28 compared
to control groups. In comparison with PhotosensitiZICG) and Photothermal
therapy (PTT), PTT showed significant mean diffeeenf 17.6; stating that PTT is
better in reducing microbial load compared to Id@en comparing photosensitizer
dye and photodynamic therapy, PDT showed significaaan difference of 30.3;
stating that PDT is superior in reducing the miabbload compared to

Photosensitizer dye (ICG).

In comparison with Photodynamic therapy and phetottal therapy; PDT
showed significant mean difference of 13.6 statimg PDT is superior in reducing
the microbial load compared to PTT. Therefore,itihergroup comparison shows that
photodynamic therapy is superior in reducing thetdxdal load when compared to

other treatment groups and has statistically sicanit P value (<0.001) (Table 4)
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MATERIALSAND METHODS

MATERIALSAND METHODS

The present in vitro study was undertaken to acardscompare the effect of
Indocyanine green, photothermal therapy and artgrobial photodynamic therapy on

titanium adherent biofilm dPorphyromonas gingivalis.

This study was conducted in the Department of Eeriics KAHER’s KLE
Vishwanath Katti Institute of Dental sciences andeks Dr. Prabhakar Kore Basic
Science Research Centre (BSRC), KLE Academy of ¢figtfducation and Research,

Belagavi, Karnataka.
SOURCE OF DATA:

Titanium Discs. Commercially available pre-sterilised Grade 2 maedi Titanium

discs was procured from Indidé¥t(Indident Medical Devices, New Delhi).

Bacterial strain: Porphyromonas gingivalis (PG) — ATCC 33277 was obtained from
depository of KLE's Dr. Prabhakar Kore Basic SceriResearch Centre (BSRC),

KLE Academy of Higher Education and Research, Beladlarnataka.

Indocyanine Green Dye: Commercially available Indocyanine green was predur

from Aurogreen®, Aurolab, Madurai, Tamil Nadu.

Laser: GaAlAs Diode Laser (BIOLASE, the Diode Laser ThmraSystem) is
available in Department of Periodontics KAHER’s KMishwanath Katti Institute of

Dental sciences, Belagavi, Karnataka.
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ARMAMENTARIUM USED IN STUDY

MICROTITRE PIPETTE

TITANIUM DISC
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Materials and Methods

REAGENT USED

BHI BROTH & BHI AGAR

DIODE LASER (BIOLASE)
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Materials and Methods

PHOTOSENSITIZER DYE

= :\ i - ,_':myl-mumn-ﬁ
Indocyanine Green

for Injection USP

AUROGREEN

Sterile powder 25 mg
Lyophilized

INDOCYANINE GREEN DYE

PRE-STERILIZED TITANIUM DISC
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METHOD OF COLLECTION DATA:

M ethodology

Inoculum preparation: Inoculum preparation was carried out in BHI brddkandard
bacterial colonies of the same morphological typ@a phyromonas gingivalis were
taken from a cultured agar plate. Further, eacbrgowas picked with the help of
sterile loop, and the grown bacteria were transteto a falcon tube having 5 mL of
BHI broth. This broth culture was further incubat@d37°C for 8-14 hours. This

bacterial strain then transferred to the disc whiels placed in petri plates.

Bacterial strain and colonization: The attachment and maturation of the bacteria on
the disc surface eventually produce an extracelkudstance (matrix) and lead to a
complex organization of cells called the biofiimheéBe bacterial biofilms were
studied without washing the disc with 1x PBS legvthe biofilm structure intact

after incubation period of 48 hours.

Bacterial formation was accessed by using Phloxgtaih.

Titanium disc preparation: 120 Pre sterilized titanium discs of diameter 8 aama
thickness of 2 mm was obtained from Indident™ (diedit Medical Devices) and
randomly allocated to four different group. Eacbugr contains 30 discs.

* Group 1 - Control group

» Group 2 — Photosensitizer (Test group 1)

* Group 3 — Photothermal therapy (Test group 2)

» Group 4 — Photodynamic therapy (Test group 3)
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Blood agar was prepared in Petri-plates and tlaititn discs are placed in
the prepared petri -plates and the stratosphyromonas gingivalis (PG) — ATCC
33277 which was obtained from depository BSRC wmagulated on thirty titanium

discs. The discs are kept in an anerobic chambet&dours and 72 hours.

Bacterial colonization or biofilm formation was t&kplaces in all discs. This

biofilm formation on titanium discs was assesse®blpxin — B stain.

All these inoculated discs in Petri plates weredmmly allocated to four
different groups that includes
* Group 1: Control group (no treatment);
* Group 2: Photosensitizer (Indocyanine green dye)iCG
* Group 3: Photothermal Therapy (Diode Laser);

* Group 4: Photodynamic Therapy (ICG + Diode Laser)

Laser protocol

Titanium discs was irradiated with GaAlAs Diode e&ngBIOLASE, the
Diode Laser Therapy System) with 400 fiber optic handpiece at a wavelength of
940 nm operated at power — 1 W, with a pulse leo§t2OQum and pulse interval of

20Qum in noncontact mode for 30-60s.

Indocyanine green

A solution of Indocyanine green was prepared bgalisng it in 5 mL of
sterile water to prepare an initial 5 mg/ mL IC®c#t solution. This stock solution
was further diluted in saline solution at ratioldd to achieve final ICG concentration

of 5mg/mL before implementation.
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Photodynamic therapy procedure

Application - Titanium discs which are randomly allocated withuson for 2

minutes.

Soaking phase — The solution with active ingredient attaches taeterial cell

membrane and dyes them; sensitize the bacteria.

Rinsing phase — Rinsing off excessive active ingredients. Grega blacteria remain

on titanium discs.

Activation - It is activated by laser light energy for 3060
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INOCULATED TITANIUM DISC WITH P.GINGIVALIS STRAIN

INOCULATED TITANIUM DISCWITH DYE
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INOCULATED TITANIUM DISCWITH LASER
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PLATE COUNT METHOD

CONTROL INDOCYANINE GREEN DYE

PHOTOTHERMAL PHOTODYNAMIC THERAPY

Page 27



Materials and Methods

STATISTICAL ANALYSIS

The data were entered in Microsoft Excel and amalyztatistically using the
SPSS software, version 21; SPSS Inc., (ChicagdJ84). The normality of the data
was assessed prior to analysis using the ShapilikisAtest/Kolmogorov-Smirnov
test. Data were found to be normally distributetdud, parametric test was chosen.

Descriptive analysis was calculated.

Inter group comparisons was done by One-way ANOWVRairwise
Comparison of four groups was also carried out qudisD post hoc test. All

statistical tests were performed at a significdegel of 5% (p<0.05).
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DISCUSSION

Several studies and investigations have been cteditc find an alternative
method for conventional treatment for peri-impléstiwhich consists of mechanical
debridement of the involved implant surfaces. Amaitignicrobes engaged in peri-
implant diseases, the major periodontopathogenB. igingivalis for developing

periodontitis and peri-implant disease.

The current study was carried out to compare arai@e the outcome of
Indocyanine green (ICG), Photothermal therapy (PTand Photodynamic therapy
(PDT) againstP.gingivalis. The results showed significant reductions in nglo
counts ofP.gingivalis on the titanium surfaces in all studied groupse Timaximum
reduction was observed with Photodynamic therapl/ the lowest rate was seen in
the ICG group. It was also found that the PTT a&lsowed a statistically significant

reduction inP.gingivalis colony count compared to the ICG group. (Tablel).

It was observed that all test groups (PDT, PTT, )IGBowed a statistically
significant reduction irP.gingivalis colony count when compared with the control
group (Table 2). The maximum reduction in colonymowas noted with PDT while
the minimum reduction was noted in the ICG groupede observed outcomes were
in line with the study done by Alagl et &l states that PDT showed a significant

reduction in microbial load compared to photothdrtharapy.

Evidence shows that aPDT decreases tumor necresi®rfalpha and
interleukin-1B. This is in accordance with the present studyirgahat the efficacy
of PDT with ICG and diode laser showed a statifificaignificant reduction of

P.gingivalis bacterial colony count. A clinical study has shaWwat in the application
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of PDT there is a reduction in the level of cytasnin gingival crevicular flufd. It
also resolves inflammation and enhances tissuangéalEvidence shows that all
photosensitizer molecules (i.e. cationic, anioaitd neutral) play a significant role in
the killing of Gram-positive bacteria and Gram-riaga bacterid’. Gram-negative
bacteria have an internal cytoplasmic membranegalith an outer membrane,
which resists the penetration of photosensitizEG lis an anionic photosensitizer,
which is water soluble and relatively non-tdRiclts photothermal effect is greater
than its photochemical effédt It can efficiently reduce the bacteria from deep
periodontal pockets due to its photothermal efféstabsorbance peak should be at
800 -940 nnf’. Thus, the Diode laser used in this current stadyitable for ICG i.e.,

PDT(Table 2).

Bohem et af! demonstrated that actinomycetemcomitans had the maximum
absorbance peak in presence of a 10 pm concent@fti€G for 5 min. In his study;
a diode laser used with 810 nm with 0.1W and 0.pp&wer at 80 and 400 W/cm2
energy density for a time period of 5s caused aabie reduction inA.
actinomycetemcomitans in a culture medium. Only laser therapy did nobvgha
reduction in the bacterial count. Because the pafi¢he laser (0.1W) used was of
lower Watt and the time period of application wdssborter duration(5s). In this
current study, the diode laser was used with 94@hmower (150 mW) for a time
period of the 30s. Our study showed a significaatuction ofP. gingivalis colony
count on titanium discs (Table 1); stating that tlse of higher power watts and
longer duration showed a statistically significeeduction in the bacterial count with

both laser and Photodynamic therapy. (P value 81).0rable 2)
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Pourhajibagher et &f. demonstrated that ICG at 62.5 pug/mL concentrations
for 5 min caused a 23.2% reductiorAngingivalis count. Diode laser irradiation with
810 nm wavelength and 62.5 J/cm2 energy densit? foin caused a reduction ih
gingivalis count by 37%. In this current study, we used ICG1800 pg/mL
concentration for 5 mins caused a marked redugtioB. gingivalis count and its
Mean + SD value is 20.7 + 19.4. Diode laser irradiawith 940nm wavelength and 6
Jicnt energy density for 60 sec caused a reductiof.igingivalis count with a
Mean+SD value of 34.3 + 4.3 and shows statisticsiliynificant results in both laser

and PDT group$éP value < 0.001). (Table 2).

Topaloglu et af® have shown the positive efficacy of PDT with IC6r f
cutting down Staphylococcus aureus (95%) andPseudomonas aeruginosa (99%).
Their results were in accordance with our studytbatorganism investigated wBs
gingivalis, they had evaluated the resistant microbial susiparof different bacterial
species. It seems that the gram-negative bactettadut longer to PDT than gram-
positive bacteria because of the presence of thermmost membrane in gram-
negative bacteria, which hampers the uptake of d2eositizer dye. However,
because of the anionic charge of ICG and the datioharge of Toluidine blue-
O(TBO), and Methylene blue (MB); it easily bindstbee membrane of gram-negative
bacteria and interacts with lipopolysaccharidesusThhe Photosensitizer (ICG) used
in our present study is suitable for reduction he bacterial count oP.gingivalis
which is one of the pathogens causing periodorditis peri-implantitis. Diode lasers
have deep penetration properties and the use abgdmsitizer along with diode
lasers has effectively reduced the microbial caxfnrgram-negative bacteria. In this

study, ICG-based PS used is a newly introducedoglositizer in the dental field.
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Saffarpour et al* Moslemi et al® and Mattiello et &F; have reported that
PDT with diode laser with 810nm and 300mW power ar&8 W/cm2 power density
caused a statistically significant reduction Amactinomycetemcomitans count on
implant surfaces. These findings were in check \li# present study stating that
aPDT showed a reliable reduction Rgingivalis colony count on implant surfaces

(P<0.001) within the group and between the gro(ifsble 3)

Birang et al” in the year 2017 conducted a randomized clinical traperi-
implantitis patients, both groups in his study,i@ontrol (LT) and Test group (PDT)
had shown statistically significant clinical pardere advancement (i.e., bleeding on
probing, pocket depth (PPD) and modified plaqueex)d The number of
Aggregatibacter actinomycetemcomitans (P = 0.022), Tannerella forsythia (P =
0.038), andPorphyromonas gingivalis (P = 0.05) in the experimental group showed a
significant reduction in the bacterial count. Théiselings were in accordance with
the present study and showed a statistically sggmt reduction ofP.gingivalis

colony count using Photodynamic therapy (P<0.0(lgble 4)

Giannelli et af® did a study on various lasers to estimate the afficof the
anti-microbial property of photodynamic therapy the titanium-coated biofilm of
P.gingivalis. The laser included in the study are Er:YAG (witB48)-nm wavelength,

a power density of 75.4 w/érand pulse energy of 100 mJ for 1 minute), Nd: YAG
(with 1064 nm wavelength and maximum power density5.4 W/cnifor 1 minute),
and diode laser with 810nm (in continuous mode iM% power and power density

of 175.4 W/crifor 1 minute in photoablation mode.

It showed that a Diode laser in conjunction withotelsensitizer (methylene

blue) showed a significant reduction Rgingivalis on the surface of titanium discs
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compared with other lasers and confirmed the sapgriof a PDT. These findings
were in accordance with the present study whichwshthat PDT has significant
results (P<0.001) over lasers. (Table 4). The atgmnof using PS for the treatment
of periodontitis or peri-implantitis is these maus can penetrate the implant and

root surface porosities that are not accessibi@méghanical debridement.

Thus, the bactericidal act of Photosensitizer (I0&)mainly due to its
photothermal effect. However, the photodynamicapgrof this material gained less
attention since the oxygen pressure is low. Thdgthermal mechanism is effective
in conjunction with PS(ICG) for reducing the micrabload on implant surfaces. As
per the knowledge at present no studies have ba®em id evaluating the ICG — PDT

on peri-implantitis.

In the present in-vitro study, it states that thees a significant depletion in
P.gingivalis colony count on titanium disc PDT states tl&G with photodynamic
therapy (ICG-PDT) showed statistically significaasults in reducing antimicrobial-
resistant strains causing periodontitis and pepkimtitis®®. Collectively, all this
evidence indicates that ICG-PDT provides a clinibanefit over conventional
treatment. The main advantages of using ICG-PDT areon-invasive surgical
procedure that can penetrate deep tissue and chamerghe bacterial fill in the
affected sites and has no side effects; it is Bl@tbor medically compromised patients
who are not indicated for surgical proced{#$ It can act as an alternative
advancement for reducing microbes on the implariases and it could be used as an

adjunct with conventional treatment.
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LIMITATIONS

The present study mainly focused on the bacteticdfacacy of laser and
PDT onP.gingivalis biofilm coated on titanium discs. Thus, to geneeathe result of
this study, more studies should be conducted orffieet of treatment modalities on

the biofilm of other periodontal pathogens caugirgodontitis and peri-implantitis.

Further studies with different photosensitizers difterent laser parameters

are required to determine the most efficient comtiam for aPDT.

None of the techniques in this study was capablihefcomplete elimination
of P.gingivalis bacteria on the implant surface. There was arfilo the complete
elimination of P. gingivalis on implant surfaces, stating that these methods ar
inadequate for decontamination of the implant sifa&o it is still used in association

with conventional treatment to eliminate fhegingivalis biofilm.

The biocompatibility, thermal changes, and alteratithat are seen in implant
surfaces were not evaluated, so further studiesetirculture and animal models are

needed for this purpose.

Finally, the result of this study (in-vitro) may thbe generalized to in vivo
conditions. Environmental factors such as varigiigue accumulation, salivation,
immune system, limited accessibility, etc., carlm®established in in-vitro studies, so

the result of this study could be established byiwo studies with large sample sizes.
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SUMMARY AND CONCLUSION

The main focus of this study was to evaluate and compare the efficacy of
photothermal therapy, indocyanine green, and antimicrobial photodynamic therapy
against a periodontal pathogen namely Porphyromonas gingivalis that is adherent to
titanium disc. The present study supports the hypothesis that there would be a
significant effect of indocyanine green, photothermal therapy, and photodynamic
therapy on the titanium adherent biofilm of Porphyromonas gingivalis. The findings
of the current study conclude that Photothermal and photodynamic therapy can reduce

the growth of Porphyromonas gingivalis on titanium discs.

Within the limitation of this present study, Photodynamic therapy had superior
efficacy in reducing the P.gingivalis biofilm than the other methods investigated in
the study. Simultaneously, photothermal therapy was also found to be a suitable
method for disinfecting and reducing the colony count of P.gingivalis biofilm on
titanium discs in comparison with photosensitizer aone. Therefore, PDT is an
effective alternative trestment method for scaling the microbes on dental implant
surfaces without damaging the surface topography and also could be used as a
suitable additive step to conventional treatment. The result of this research requires to

be further corroboration with long-term prospective in-vivo clinical trials.
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ANNEXURE II: COLONY FORMING UNIT - RESULT

L 1.1 §

G ~
- a ™. KAHER’s Dr. Prabhakar Kore Basic Science Research Center |[BSRC)
7 KLE Academy of Higher Education and Research [KAHER] KLE

Report

TITLE OF THE STUDY: Evaluation and Comparison of the cffect of Indocyanine Green,
Photothermal therapy and Photodynamic therapy on titanium adherent biofilm of Porphyromonas

rismomieinlic Av Too Vit CQooode.
RifZHGS - All- Viuo owiay

NAME OF THE STUDENT:

NAME OF THE GUIDE:

NAME OF THE CO-GUIDE:

STRAINS TESTED: Porphyromonas gingivalis.

RILCTIVEC.
BN B EY BT

To access and compare the cffect of the photosensitizer, photothermal therapy and

photodynamic therapy on titanium coated biofilm of Porphyromonas gingivalis.

RESULT:
Colony forming units is counted after performing test group procedure.

EXPERIMENTAL METHODOLOGY:

Pre stenilized Titanium discs of diameter 8 mm and thickness of 2 mm and Porphyromonas
gingivalis strains 1s procurced. Porphyromonas gingivalis will be inoculated on titanium discs.
Bacterial colonization or Biofilm formation is taken place within 48 hours. After 48 hours

incubated Titanium discs is placed in broth agar plate.

Discs with Porphyomonas gingivalis biofilm will be exposed to 1 mg/mL ICG at 37 °C in the
dark for 5 min and then rinsed with stenile PBS for 30 s. Titanium disc wall be irradiated with
diode laser alone (940nm). Photosensitizer dye (ICG) adheres to titanium disc and is

activated by diode laser.

After 48 hours, colony forming unit is measured by plate count method.
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RESULT:
COLONY FORMING UNIT - CFU /ml
COLONY FORMING UNIT - CFU / ml
CONTROL INDOCYANINE LASER PHOTODYNAMIC
GREEN DYE (BIOLASE) THERAPY
60 x 10 52 x 10* 28 x 10* 24 x 10¢
64 x 10 48 x 10¢ 36 x 10 20 x 10¢
60 x 10* 56 x 10* 40 x 10 20 x 10
56 x 10 52 x 10* 28 x 10* 16 x 10*
64 x 10 52 x 10¢ 36 x 10¢ 20 x 10
68 x 10 48 x 10¢ 40 x 10 20x 10°¢
60 x 10* 52 x 10 32 x 10 24 x 10¢
60 x 10* 52 x 10¢ 32 x 10¢ 24 x 10*
64 x 10 48 x 10¢ 36 x 104 20 x 104
60 x 10* 56 x 10 28 x 10* 20 x 10*
56 x 10 52 x 10 32 x 10¢ 16 x 10*
64 x 10 52 x 10¢ 36 x 10¢ 24 x 10#
68 x 10 48 x 10* 40 x 10¢ 20 x 10
60 x 10* 52 x 10¢ 32 x 10¢ 24 x 10*
68 x 10 52 x 10 40 x 10¢ 16 x 10*
64 x 10 48 x 10* 36 x 10 20 x 10
60 x 10 56 x 10* 28 x 10* 20 x 10
56 x 10 52 x 10¢ 32 x 10¢ 16 x 10*
64 x 10 52 x 10 36 x 10¢ 24 x 10*
68 x 10 48 x 10¢ 28 x 0 20 x i0*
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