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INTRODUCTION
Biolms are adherent to a solid surface in which bacteria grow and 
multiply forming the microcolonies. They are embedded in an 
extracellular polymeric matrix, which includes water and nutrient 
channels.(1) The most complex of all the biolms in nature are the ones 
present on the tooth surfaces and epithelial cells lining the periodontal 
pocket/gingival sulcus (subgingival dental plaques). Enzymes, 
endotoxins and cytotoxic factors released from the bacteria present in 
the biolms lead to tissue destruction and initiate chronic 
inammation. Currently the mechanical scaling and root planing 
procedure to remove the periodontal pathogens and their endotoxins is 
the gold standard for treatment. Moreover, some periodontopathogens 
reside in soft tissues thus escaping their removal. Thus the adjuvant use 
of antibiotics is also known to be effective.(2, 3) However wide use of 
antimicrobial agents has led to the development of resistance 
mechanisms in periodontal pathogens.(4-6) Also in biolms, up to 
1500-fold higher drug levels may be necessary to have an efcacy 
comparable to conditions in culture broth.(7) So the inability to disrupt 
the bacteria in the biolms and maintenance therapeutic 
concentrations of antibiotics in the oral cavity are some drawbacks for 
their use.(8)

Decontamination of periodontal pockets with the use of dental lasers is 
also being performed. Owing to high bactericidal properties of lasers it 
results in effective killing of oral pathogenic bacteria associated with 
peri–implantitis and periodontitis. However the use of lasers present 
two major drawbacks, rstly it can lead to irreversible thermal damage 
to the surrounding periodontal tissues and secondly it can lead to 
excessive ablation/thermal coagulation, carbonization/necrosis of 
root, gingival connective tissues, bone and pulp tissues, depending on 
the type of laser employed.(9)

The use of low level laser light to treat periodontal disease in a non 
invasive manner has been employed - the photodynamic therapy 
(PDT).  PDT is pathogen and site specic, which makes it better than 
high energy laser therapy. In Photodynamic therapy reactive oxygen 
species lead to the eradication of the target cells. The dyes which are 
sensitive to light of suitable wavelength, bring about photolethal 
sensitisation, which is damage of the target cells by making them 
sensitive to the light of specic wavelength.(10)

The Photodyanamic Action
Since long time light alone or in combination with different suitable 
chemicals is used to get the therapeutic benets eg. the use of 
ultraviolet radiations for treatment of skin tuberculosis or rickets.(11) 
After it was known that some dyes have uorescence properties after 
absorbing light of suitable wavelength, it became clear that dye 
excitation by light exerts destructive action in the target biological 
systems. The photodynamic action is described as a mechanism in 

which light after being absorbed by the dyes, sensitizes target 
microorganisms and cells for visible light inducing cell damage. 
Application of light to the dye results in the production of free oxygen 
radicals which are cytotoxic and destroy cellular constituents.(12)

Evolution And Medical Application
PDT has been used in various medical applications for over a decade 
especially for treatment of some form of cancers, macular 
degeneration, and various dermatological applications.(13) Raab 
studied this reaction showing the killing of protozoa in the presence of 
acridine dye. The dye got activated when irradiated with light in the 
visible range of the spectrum.(14 )The term photodynamic was coined 
by Jodlbaner and Von Tappeneir in 1904. They described oxygen 
dependant chemical reactions induced by photosensitisation, which 
could inactivate the bacteria.(15) Then technique was used 
successfully for treatment of different cancers and pre cancerous 
lesions. Further progress made in this eld is connected with the work 

 by Straub, Hausmann , Meyer-Betz.(16-18) Blum and later Spikes 
conned the denition of the photodynamic action to sensitized 
photoreactions in which molecular oxygen participates, i.e., dye-
sensitized photo-oxidation. For the treatment of various types of 
cancers, it has been found that photosensitizers have a selective afnity 
for tumor or vascular tissue, after excitation by light they produce 
cytotoxic effects, which may lead to cell death or tissue destruction by 
necrosis or apoptosis.(19-21)

Mechanism Of Action
3 non – toxic ingredients are required for the photodyanamic action to 
take place (1) Visible harmless light (2) photosensitiser (3) 
oxygen.(10,22)

Photosensitiser
The dye used in photodyanamic therapy is referred to as 
photosensitizer because after absorbing the light, it sensitizes the 
microorganisms or target cells to visible light inducing damage. The 
light of suitable wavelength when applied to the dye, results in the 
production of free oxygen radicals. There are various chemicals that 
have been used as photosensitizing agents in PDT such as 
Phenothiazine dyes, Phthalocyanine dyes, Chlorines, Porphyrines 
etc.(23) Both gram positive and gram negative bacteria are responsible 
for periodontal disease and Methylene blue and Toluidine blue O dyes 
are very effective against both of them. They both can bind to the outer 
membrane of gram-negative bacteria and penetrate bacterial cells by 
having a cationic charge on photoactivation. Thus they have a selective 
killing mechanism for periodontopathic bacterial cells as compared to 
other cells.(24-27) Therefore, toluidine blue O and methylene blue 
have been the photosensitizers of choice in the treatment of 
periodontitis and peri-implantitis. Elimination of A. actinomyce-
temcomitans, P. gingivalis and Fusobacterium nucleatum has been 
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demonstrated to be more effectively achieved whilst using toluidine 
blue O than methylene blue.(28) Tetracyclines, the commonly used 
antibiotics, also act as effective photosensitizers and can produce 
singlet oxygen.(29) They absorb light in the near UV, copper 
complexes of tetracyclines at ca. 400 nm.(30)

Based On Chemical Structure The Photosensitizers Can Be 
Classified As:
Ÿ Tricyclic dyes (methylene blue, toludine blue O, and acridine 

orange) 
Ÿ Phthalocyanines (aluminum disulfonatedphthalocyanine and 

cationic Zn(II) phthalocyanine) 
Ÿ Chlorines: Chlorine e6, stannous (IV) chlorine e6, chlorine e6-2.5 

N-methyl -d-g lucamine  (BLC1010) ,  po ly lys ine  and 
polyethyleneimine conjugates of chlorine e6 

Ÿ Porphyr ines :  Hematoporphyr inHCl ,  photof r in ,  and 
5-aminolevulinic acid (5-ALA), benzoporphyrin derivative 
(BPD) 

Ÿ Xanthenes: Erythrocine 
Ÿ Monoterpene: Azulene. (10,21,31)

Photofrin and hematophyrin derivatives are referred to as rst 
generation sensitizers. Second generation photosensitizers include 
5–aminolevulinic acid (ALA), benzoporphyrin derivative, texaphyrin, 
and temoporn (mTHPC). Third generation include Biologic 
conjugates (e.g. Antibody conjugate, liposome conjugate).(32)

Light Sources
A light source is required to activate the photosensitisers. Initially the 
laser systems used as light source were complex and expensive. To 
overcome this, diode laser systems were developed that are easy to 
handle, portable and cost effective. More recently visible light sources 
began to be employed. When irradiated with light of specic 
wavelength the photosensitiser undergoes transition to an excited 
singlet state from a low – energy ground state. After this either the 
photosensitizer may come back to its ground state or may go to a higher 
energy level: the triplet state. In this triplet state two different pathways 
can be followed to react with the target cells.(10,21) 

The rst pathway involves hydrogen atom abstraction or electron 
transfer reactions. It occurs between the excited state of the 
photosensitiser and an organic substrate molecule of the cells, which 
produces free radicals and radical ions. There is reaction between these 
highly reactive free radical species and endogenous molecular oxygen 
and the result of this interaction is the production of highly reactive 
oxygen species such as superoxides, hydroxyl radicals and hydrogen 
peroxide. These highly reactive oxygen species are harmful to the cell 
membrane integrity. The second pathway involves the production of 
singlet oxygen. It is a highly reactive state of oxygen which results due 
to the reaction of the triplet state photosensitiser with oxygen. This 
singlet oxygen has high chemical reactivity and thus can react with 
large number of biological substrates thus inducing oxidative damage 
and ultimately lethal effects upon the bacterial cell by damaging the 
cell membrane and cell wall.(21) Both the radius of action and the 
lifetime in biological systems for singlet oxygen is very short ie. 0.02 
μm and less than 0.04 μs respectively.(10,15) These two properties 
make it ideal for application to local sites without affecting distant 
molecules, cells and organs. The bactericidal effect of singlet oxygen 
can be attributed either due to DNA damage or due to damage caused to 
cytoplasmic membrane of bacteria by cytotoxic oxygen species such 
as inactivation of membrane transport systems, and enzymes, 
alteration of cytoplasmic membrane proteins, disturbance of cell wall 
synthesis and loss of potassium ions from bacterial cells. (33)

Photodyanamic Therapy In Dentistry 
Application of photodynamic therapy has led to signicant advances 
in dentistry because the delivery of light is more accessible and topical 
application of the photosensitizer is more feasible in the oral cavity. 
The application of photodynamic therapy includes the treatment of 
different types of oral solid tumors, treatment of supercial 
precancerous oral lesions, such as oral leukoplakia, oral 
erythroleukoplakia and oral verrucous hyperplasia have been widely 
performed.(34-36) In addition to this, photodynamic therapy has been 
effectively applied in the treatment of lichen planus.(37,38) Some 
other potential applications for PDT are caries, viral diseases such as 
herpes, stomatitis , fungal infections by Candida species.(13, 39,40) 
Photodyanamic therapy is also used in the sterilization of endodontic 
root canals in patients who are being treated for necrotic pulp and 
periapical lesions.PDT can be combined with the usual mechanical 

debridement and chemical antimicrobials such as hypochlorite and 
hydrogen peroxide. Garcez et al.  used this approach and found 
decrease in bacterial load during endodontic treatment.(41) Pinheiro et 
al. also found similar results using TBO + urea peroxide preparation 
and red light in addition to mechanical instrumentation to sterilize root 
canals with necrotic pulps.(42)

Application In Periodontitis 
The two most common diseases of the oral cavity are the dental caries 
and periodontal diseases. Periodontitis can be effectively treated by 
changing the local environment of the oral cavity and thus suppressing 
the growth of periodontal pathogens. In the oral biolms bacterial 
polysaccharides are present which are highly sensitive to singlet 
oxygen and thus the biolms and the pathogenic bacteria are 
susceptible to photodamage. Damaging or breaking the biolms 
inhibits plasmid exchange involved in transfer of antibiotic resistance 
and disrupts colonization.(43) Even in antibiotic resistant bacteria, 
PDT is very effective. Bacteria produce antioxidant enzymes which 
may protect them against some oxygen radicals, but not against singlet 
oxygen.(44)

There is reduced oxygen consumption and venous stagnation in the 
tissues during inammation in periodontal tissues. This change in pH 
due to decrease in oxygen level may enhance the growth of anaerobic 
species. There is reduction in the venous congestion and improved 
tissue blood ow in the microcirculatory system in the gingival tissues 
due to the application of PDT. This also leads to increase oxygenation 
of gingival tissues which thus normalizing oxygen metabolism in 
periodontal tissues and improves the local environment.(45) The 
bacterial virulence factors play a major role in periodontal disease 
pathogenesis.

Lipopolysaccharide possesses a wide spectrum of immunological and 
endotoxin activities such as activation of macrophages, production of 
interleukin-1, release of prostaglandin E  etc. Lipopolysaccharide is 2

also stimulates bone resorption in inammatory periodontal diseases. 
Endotoxins present on root surface inhibit periodontal bre 
reattachment on cementum. The virulence factors secreted by micro-
organisms are inactivated by the effect of PDT. The activity of 
lipopolysaccharide and IL-1 secretion from human peripheral 
mononuclear cells in periodontitis patients were signicantly reduced 
following exposure to low energy He-Ne laser and TBO 
photosensitizer.(46) Also there was a substantial, lightdose dependent 
decrease in the proteolytic activity of P. Gingivalis.(47)

Periowave™ is a photodynamic disinfection system developed by 
Ondine Biopharma Corporation. It utilizes low intensity lasers and 
wavelength-specic, light-activated compounds to specically target 
and destroy microbial pathogens.(48) The photosensitizer is topically 
applied in the gingival sulcus and the laser is used to activate it and 
complete the disinfection. Due to the recent rise in antibiotic resistance 
throughout the world, there has been renewed interest in alternative 
antimicrobial therapies. PDT or photodynamic antimicrobial 
chemotherapy (PACT) presents us with an option for these drug 
resistant pathogens. Drug resistant bacteria can be effectively 
eliminated by PDT.(49)  For bacterial inactivation, the activity of PDT 
is found to be more effective for Gram-positive as compared to Gram 
negative bacteria. This difference arises due to structural differences in 
the cell wall structure of these two bacteria. A relatively porous layer of 
peptidoglycan and lipotechoic acid surrounds the cytoplasmic 
membrane of Gram positive bacteria which allows the photosensitizer 
to be absorbed easily.(50) Gram negative bacteria has a cell envelope 
which has an outer membrane and an inner cytoplasmic membrane that 
are separated by the peptidoglycan containing periplasm. This 
structure forms an effective permeability barrier and restricts binding 
and penetration of many photosensitizers.(51) Several approaches 
have been tried and applied to overcome this permeability barrier in 
Gram negative bacteria. A permeabilizing agent such as polymyxin 
nonapeptide or EDTA in combination with photosensitizer makes the 
treatment of photodyanamic therapy effective against Gram negative 
bacteria.(52,53) Photosensitizers can be made to produce broad 
spectrum effects if imparted with positive charges. In this state they 
can inactivate all classes of microorganisms: Gram-positive, Gram-
negative bacteria, fungi, viruses, parasites and also the highly resistant 
life forms such as bacterial spores  and the cystic stage of 
Acanthamoeba. (13,39,40,54,55)

PDT In Peri-Implantitis
With the increased placement of dental implants to replace the missing 
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teeth, the implants affected by peri-implantitis are also increased in 
numbers. The pathogens responsible for the development of peri-
implantitis are similar to those of periodontitis.(56-58) Complete 
eradication of the causative bacteria and also the disinfection and 
detoxication of the diseased implant surface, as well as of the 
periimplant pockets, are essential to achieve effective healing with 
regeneration of the lost bone around the peri-implantitis cases. 
Recently, several studies have demonstrated bactericidal and 
detoxication effects of high-level lasers on contaminated dental 
implant surfaces. High-level lasers have been used successfully in the 
surgical management of peri-implantitis. However, in nonsurgical 
therapy, high-level lasers have shown limited clinical efcacy. (59-63) 
The application of high-level laser therapy have shown surface 
alterations (such as melting and carbonization) on the treated titanium 

 surface.(64,65)Based on its successful application in the treatment of 
periodontitis, antimicrobial photodynamic therapy is used as an 
adjunctive treatment for bacterial elimination in the treatment of peri-
implantitis. The effectiveness of antimicrobial photodynamic therapy 
in treating contaminated implant surfaces was examined by 
Do¨rtbudak et al. and he concluded decrease in levels of A. 
actinomycetemcomitans, P. gingivalis and P. Intermedia after 
application of toluidine blue O and laser light in comparison with 
baseline levels.(66)

CONCLUSION
In the eld of periodontics and implant dentistry, antimicrobial 
photodynamic chemotherapy seems to be an attractive option. Use of 
antimicrobial photodynamic therapy can avoid the systemic 
administration of antibiotics in the treatment of localized infections 
and also has the advantage of low-cost of the treatment. PDT allows the 
use of a high concentration of the photosesitizer at the locus of 
infection and results in efcient bacterial elimination without inducing 
side effects on the host tissue. In periodontal therapy, in addition to 
conventional mechanical treatment to treat moderate to severe 
periodontal pockets adjunctive antimicrobial photodynamic therapy 
can be employed. Also PDT can be used as supportive therapy of the 
remaining pockets during the maintenance period. Application of 
antimicrobial photodynamic therapy can also be done to treat peri-
implantitis as an adjunct following debridement in surgical therapy.

REFERENCES 
1. Costerton JW, Stewart PS, Greenberg EP. Bacterial biolms: A common cause of 

persistent infections. Science 1999; 284(5418):1318-22. 
2. Schenk G, Flemmig TF, Lob S, Ruckdeschel G, Hickel R. Lack of antimicrobial effect 

on periodontopathic bacteria by ultrasonic and sonic scalers in vitro. J Clin Periodontol. 
2000; 27(2):116-9

3. Cugini MA, Haffajee AD, Smith C, Kent RL Jr, Socransky SS. The effect of scaling and 
root planing on the clinical and microbiological parameters of periodontal diseases: 12-
month results. J Clin Periodontol. 2000;27(1):30-6. 

4. Anderson GG, O'Toole GA. Innate and induced resistance mechanisms of bacterial 
biolms.  Curr Top Microbiol Immunol. 2008;322:85-105. https://www.ncbi.nlm.nih. 
gov/pubmed/18453273.

5. del Pozo JL, Patel R. The challenge of treating biolm-associated bacterial infections.        
Clin Pharmacol Ther. 2007;82(2):204-9. https://www.ncbi.nlm.nih. gov/ 
pubmed/17538551.

6. Fux CA, Costerton JW, Stewart PS, Stoodley P. Survival strategies of infectious 
biolms. Trends Microbiol. 2005 Jan;13(1):34-40. https://www.ncbi.nlm.nih. 
gov/pubmed/17538551.          

7. J C Nickel, I Ruseska, J B Wright, and J W Costerton. Tobramycin resistance of 
Pseudomonas aeruginosa cells growing as a biolm on urinary catheter material. 
Antimicrob Agents Chemother. 1985; 27(4): 619–624. https://www.ncbi.nlm.nih. 
gov/pubmed/3923925.

8. Wilson M. Lethal photosensitisation of oral bacteria and its potential application in the 
photodynamic therapy of oral infections. Photochem Photobiol Sci. 2004;3(5):412-8. 
https://www.ncbi.nlm.nih.gov/pubmed/15122357.

9. Ishikawa I, Aoki A, Takasaki AA, Mizutani K, Sasaki KM, Izumi Y. Application of lasers 
in periodontics: true innovation or myth? Periodontol 2000. 2009;50:90-126. 
https://www.ncbi.nlm.nih.gov/pubmed/19388956.

10. Raghavendra M, Koregol A, Bhola S. Photodynamic therapy: a targeted therapy in 
periodontics. Aust Dent J. 2009 ;54 Suppl 1:S102-9. https://www.ncbi.nlm.nih. 
gov/pubmed/19737261.

11. Parrish JA. Phototherapy and photochemotherapy of skin diseases. J Invest Dermatol. 
1981 Jul;77(1):167-71. https://www.ncbi.nlm.nih.gov/pubmed/7252253.

12. Marcacci, A. Sur l'action des alcaloides dans les regne vegetal et animal. Arch Ital Biol. 
1888;9:2–4. https://scholar.google.com/scholar_ lookup?hl=en &volume=9 
&publication_year=1888&pages=2-4&journal=Arch+Ital+Biol&author=Marcacci% 
2C+A.&title=Sur+l%27action+des+alcaloides+dans+les+regne+vegetal+et+animal.

13. Hamblin MR, Hasan T. Photodynamic Therapy: a new antimicrobial approach to 
infectious disease? Photchem. Photobiol. Sci. 2004; 3:436-450. https://www.ncbi.nlm. 
nih.gov/pubmed/15122361.

14. O. Raab, U¨ ber die Wirkung uoreszierender Stoffe auf Infusorien, Z. Biol. 39 (1900) 
524–546. https://ci.nii.ac.jp/naid/10020470960/.

15. Tappeiner von H. Die photodynamische Erscheinung (Sensibilisierung durch 
uoreszierende Stoffe). Ergebn Physiol. 1909.  8:698–741.

16. W. Straub, U¨ ber chemische Vorga¨nge bei der Einwirkung von Licht auf 
uoreszierende Substanzen (Eosin und Chinin) und die Bedeutung dieser Vorga¨nge fu¨ 
r die Giftwirkung, Dtsch. Med. Wschr. 51 (1904) 1093–1096.

17. Hausman, W. Die sensibilisierende wirkung des hematoporphyrins.  BiochemZ. 
1911;30:276. https://scholar.google.com/scholar_ lookup?hl=en&volume= 30& 
publication_year =1911&pages=276&journal= Biochem+Z&author= Hausman% 
2C+W.&title=Die+ sensibilisierende+wirkung+des+hematoporphyrins

18. F. Meyer-Betz, Untersuchungen u¨ber die biologische (photodynamische) Wirkung des 
Ha¨matoporphyrins und anderer Derivate des Blut- und Gallenfarbstoffs, Dtsch. Arch. 
Klin. Med. 112 (1913) 476–503.

19. Blum H.F., Photodynamic Action and Diseases Caused by Light. Reinhold Publ, New 
York, 1941, Reprint Hafner Publication., New York, 1964.

20. Spikes, J.D. and Livingston, R. 1969. The molecular biology of photodynamic action: 
sensitized photo-autooxidations in biological systems. In : Advances in radiation 
biology. Vol. 3. Edited by A. G. Augenstein, R. Mason, and M. Zelle. Academic Press, 
New York. pp. 29–121.

21. Konopka K, Goslinski T. Photodynamic therapy in dentistry. J Dent Res 2007;86:694-
707. https://www.ncbi.nlm.nih.gov/pubmed/17652195.

22. Takasaki AA, Aoki A, Mizutani K, Schwarz F, Sculean A, Wang CY, Koshy G, Romanos 
G, Ishikawa I, Izumi Y. Application of Antimicrobial photodynamic therapy in 
periodontal and peri-implant diseases. Periodontol 2000 2009:51: 109-140. 
https://www.ncbi.nlm.nih.gov/pubmed/19878472.

23. Wainwright M. Photodynamic antimicrobial chemotherapy. J Antimicrob Chemother 
1998:42:13-28. https://academic.oup.com/jac/article/42/1/13/862161.

24. Bhatti M, MacRobert A, Meghji S, Henderson B, Wilson M. A study of the uptake of 
toluidine blue O by Porphyromonas gingivalis and the mechanism of lethal 
photosensitization. Photochem Photobiol 1998: 68: 370–376. https://www.ncbi. 
nlm.nih.gov/pubmed/9747591.

25. Merchat M, Spikes JD, Bertoloni G, Jori G. Studies on the mechanism of bacteria 
photosensitization by mesosubstituted cationic porphyrins. J Photochem Photobiol B 
1996: 35: 149–157. https://www.sciencedirect.com/science/ article/pii/ S101113449 
6073216

26. Usacheva MN, Teichert MC, Sievert CE, Biel MA. Effect of Ca+ on the 
photobactericidal efcacy of methylene blue and toluidine blue against gram-negative 
bacteria and the dye afnity for lipopolysaccharides. Lasers Surg Med 2006: 38: 
946–954. https://onlinelibrary.wiley.com/doi/abs/10.1002/lsm.20400.

27. Soukos NS, Wilson M, Burns T, Speight PM. Photodynamic effects of toluidine blue on 
human oral keratinocytes and broblasts and Streptococcus sanguis evaluated in vitro. 
Lasers Surg Med 1996: 18: 253–259. https://www.ncbi.nlm.nih.gov/pubmed/8778520.

28. Wilson M, Dobson J, Sarkar S. Sensitization of periodontopathogenic bacteria to killing 
by light from a low-power laser. Oral Microbiol Immunol 1993: 8: 182–187. 
https://www.ncbi.nlm.nih.gov/pubmed/8233573.

29. S. Miskoski, E. Sanchez, M. Garavano, M. Lopez, A.T. Soltermann, N.A. Garcia. 
Singlet molecular oxygen-mediated photo-oxidation of tetracyclines: kinetics, 
mechanism and microbiological implications, J. Photochem. Photobiol. 43 (1998) 164– 
171. https://www.sciencedirect.com/science/article/pii/S1011134498001043.

 30. Khan MA , Musarrat J. Tetracycline-Cu(II) photo-induced fragmentation of serum 
albumin. Comp Biochem Physiol C Toxicol Pharmacol. 2002 Apr;131(4):439-46. 
https://www.ncbi.nlm.nih.gov/pubmed/11976059.

. 31. V Shivakumar, M Shanmugam, G Sudhir, S Pavithra Priyadarshoni Scope of 
photodynamic therapy in periodontics and other elds of dentistry, Journal of 
Interdisciplinary Dentistry, 2(2),2012, 78-83.  http://www.jidonline.com/article. 
asp?issn=2229-5194;year=2012;volume=2;issue= 2;spage=78; epage= 83; aulast 
=Shivakumar.

32. Moan J, Berg K. The photodegradation of porphyrin cells can be used to estimate the 
lifetime of singlet oxygen. Photochem Photobiol 1991:53:549-553. https://www.ncbi. 
nlm.nih.gov/pubmed/1830395.

33. Bertoloni G, Lauro FM, Cortella G, Merchat M. Photosensitizing activity of 
hematoporphyrin on Staphylococcus aureus cells. Biochim. Biophys. Acta. 
2000;1475:169–174. https://www.ncbi.nlm.nih.gov/pubmed/10832032.

34. Fan KF, Hopper C, Speight PM, Buonaccorsi G, MacRobert AJ, Bown SG. 
Photodynamic therapy using 5-aminolevulinic acid for premalignant and malignant 
lesions of the oral cavity. Cancer 1996: 78: 1374–1383. https://www.ncbi.nlm.nih. 
gov/pubmed/8839541.

35. Kubler A, Haase T, Rheinwald M, Barth T, Muhling J. Treatment of oral leukoplakia by 
topical application of 5- aminolevulinic acid. Int J Oral Maxillofac Surg 1998: 27: 
466–469. https://www.ijoms.com/article/S0901-5027(98)80040-4/fulltext.

36. Yu CH, Chen HM, Hung HY, Cheng SJ, Tsai T, Chiang CP. Photodynamic therapy 
outcome for oral verrucous hyperplasia depends on the clinical appearance, size, color, 
epithelial dysplasia, and surface keratin thickness of the lesion. Oral Oncol 2008: 44: 
595–600. https://www.ncbi.nlm.nih.gov/pubmed/18203648.

37. Aghahosseini F, Arbabi-Kalati F, Fashtami LA, Djavid GE, Fateh M, Beitollahi JM. 
Methylene blue-mediated photodynamic therapy: a possible alternative treatment for 
oral lichen planus. Lasers Surg Med 2006: 38: 33–38. https://www.ncbi.nlm.nih. 
gov/pubmed/16392150.

38. van der Meij EH, Schepman KP, van der Waal I. The possible premalignant character of 
oral lichen planus and oral lichenoid lesions: a prospective study. Oral Surg Oral Med 
Oral Pathol Oral Radiol Endod 2003: 96: 164–171. https://www.ncbi.nlm.nih. 
gov/pubmed/12931088.

39. Mohr H, Lambrecht B, Selz A. Photodynamic virus inactivation of blood components. 
Immunol Invest. 1995; 24(1–2):73–85. https://www.ncbi.nlm.nih. gov/ 
pubmed/7713607.

40. Tegos GP, Demidova TN, Arcila-Lopez D, Lee H, Wharton T, Gali H, Hamblin MR. 
Cationic fullerenes are effective and selective antimicrobial photosensitizers. Chem 
Biol. 2005; 12(10): 1127–1135. https://www.ncbi.nlm.nih.gov/pubmed/16242655.

41. Garcez AS, Nunez SC, Hamblin MR, Ribeiro MS. Antimicrobial effects of 
photodynamic therapy on patients with necrotic pulps and periapical lesion. J Endod. 
2008; 34(2):138–142. https://www.ncbi.nlm.nih.gov/pubmed/18215668.

42. Pinheiro SL, Schenka AA, Neto AA, de Souza CP, Rodriguez HM, Ribeiro MC. 
Photodynamic therapy in endodontic treatment of deciduous teeth. Lasers Med Sci. 
2008. https://www.ncbi.nlm.nih.gov/pubmed/18427873.

43. Wood S, Nattress B, Kirkham J, Shore R, Brookes S, Grifths J, Robinson C. An in vitro 
study of use of photodynamic therapy for the treatment of natural oral plaque biolms 
formed in vivo. J Photochem Photobiol B 1999;50:1–70. https://www.ncbi.nlm.nih. 
gov/pubmed/10443029.

44. Wainwright M, Crossely KB. Photosensitizing agents – circumventing resistance and 
breaking down biolms: a review. Int Biodeterior Biodegrade 2004;53:119–126. 
https://www.sciencedirect.com/science/article/pii/S0964830503001641.

45. Tanaka M, Hanioka T, Takaya K, Shizukuishi S. Association of oxygen tension in human 
periodontal pockets with gingival inammation. J Periodontol 1998;10:1127–1130. 
http://www.joponline.org/doi/10.1902/jop.1998.69.10.1127.

46. Komerik N, Wilson M, Poole S. The effects of photodynamic on two virulence factors of 
Gram negative bacteria. Photochem Photobiol 2000;72:676–680. https://www.ncbi. 
nlm.nih.gov/pubmed/11107854.

47. Packer S, Bhatti M, Burns T, Wilson M. Inactivation of proteolytic enzymes from P. 
gingivalis using light-activated agents. Laser Med Sci 2000;15:24–30. 
https://link.springer.com/article/10.1007%2Fs101030050043.

48. Photodyanamic therapy: Future Generation- A Evidenced Literature. Reddy R, M R 
Vivekananda.RGUHS J Dent. Sciences 2012;4 (1 ): 63-66. le:///C:/Users/ 
HP/Downloads/MHR-2.pdf.

49. Maisch T. A new strategy to destroy antibiotic resistant microorganisms: Antimicrobial 
photodynamic treatment.  Mini Rev Med Chem. 2009; 9(8):974–983. 

 PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsrVolume - 12 | Issue - 02 | February - 2023

78 International Journal of Scientific Research



https://www.ncbi.nlm.nih.gov/pubmed/19601890.
50. Malik Z, Ladan H, Nitzan Y. Photodynamic inactivation of Gram-negative bacteria: 

Problems and possible solutions. J Photochem Photobiol B. 1992; 14(3):262–266. 
https://www.ncbi.nlm.nih.gov/pubmed/1432395.

51. Minnock A, Vernon DI, Schoeld J, Grifths J, Parish JH, Brown SB. Mechanism of 
uptake of a cationic water-soluble pyridinium zinc phthalocyanine across the outer 
membrane of Escherichia coli. Antimicrob Agents Chemother. 2000; 44(3):522–527. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC89720/.

52. Nitzan Y, Gutterman M, Malik Z, Ehrenberg B. Inactivation of gram-negative bacteria 
by photosensitized porphyrins. Photochem Photobiol. 1992; 55(1):89–96. 
https://www.ncbi.nlm.nih.gov/pubmed/1534909.

53. Valduga G, Bertoloni G, Reddi E, Jori G. Effect of extracellularly generated singlet 
oxygen on gram-positive and gram-negative bacteria. J Photochem Photobiol B. 1993; 
21(1):81–86. https://www.ncbi.nlm.nih.gov/pubmed/8289115.

54. Demidova TN, Hamblin MR. Photodynamic inactivation of Bacillus spores, mediated 
by phenothiazinium dyes. Appl Environ Microbiol. 2005; 71(11):6918–6925. 
http://aem.asm.org/content/71/11/6918.full.

55. Ferro S, Coppellotti O, Roncucci G, Ben Amor T, Jori G. Photosensitized inactivation of 
Acanthamoeba palestinensis in the cystic stage. J Appl Microbiol. 2006; 
101(1):206–212. https://onlinelibrary.wiley.com/doi/full/10.1111/j.1365-2672. 
2006.02893.x.

56. Listgarten MA, Lai CH. Comparative microbiological characteristics of failing implants 
and periodontally diseased teeth. J Periodontol 1999: 70: 431–437. https://www. 
ncbi.nlm.nih.gov/pubmed/10328655.

57. Mombelli A, Lang NP. Antimicrobial treatment of peri-implant infections. Clin Oral 
Implants Res 1992: 3: 162–168. https://www.ncbi.nlm.nih.gov/pubmed/1298430.

58. Mombelli A, van Oosten MA, Schurch E Jr, Land NP. The microbiota associated with 
successful or failing osseointegrated titanium implants. Oral Microbiol Immunol 1987: 
2: 145–151. https://www.ncbi.nlm.nih.gov/pubmed/3507627.

59. Kreisler M, Kohnen W, Marinello C, Gotz H, Duschner H, Jansen B, d_Hoedt B. 
Bactericidal effect of the Er:YAG laser on dental implant surfaces: an in vitro study. J 
Periodontol 2002: 73: 1292–1298. https://www.ncbi.nlm.nih.gov/pubmed/12479633.

60. Schwarz F, Jepsen S, Herten M, Sager M, Rothamel D, Becker J. Inuence of different 
treatment approaches on non-submerged and submerged healing of ligature induced 
peri-implantitis lesions: an experimental study in dogs. J Clin Periodontol 2006: 33: 
584–595. https://www.ncbi.nlm.nih.gov/pubmed/16899102.

61. Takasaki AA, Aoki A, Mizutani K, Kikuchi S, Oda S, Ishikaw I. Er:YAG laser therapy 
for peri-implant infection: a histological study. Lasers Med Sci 2007: 22: 143–157. 
https://www.ncbi.nlm.nih.gov/pubmed/17219255.

62. Schwarz F, Bieling K, Bonsmann M, Latz T, Becker J. Nonsurgical treatment of 
moderate and advanced periimplantitis lesions: a controlled clinical study. Clin Oral 
Investig 2006: 10: 279–288. https://www.ncbi.nlm.nih.gov/pubmed/16969659.

63. Schwarz F, Bieling K, Nuesry E, Sculean A, Becker J. Clinical and histological healing 
pattern of peri-implantitis lesions following non-surgical treatment with an Er:YAG 
laser. Lasers Surg Med 2006: 38: 663–671. https://www.ncbi.nlm. nih.gov/ pubmed 
/16634072.

64. Kreisler M, Gotz H, Duschner H. Effect of Nd:YAG, Ho:YAG, Er:YAG, CO2, and 
GaAIAs laser irradiation on surface properties of endosseous dental implants. Int J Oral 
Maxillofac Implants 2002: 17: 202–211. https://www.ncbi.nlm. nih.gov/ 
pubmed/11958402.

65. Mouhyi J, Sennerby L, Nammour S, Guillaume P, Van Reck J. Temperature increases 
during surface decontamination of titanium implants using CO2 laser. Clin Oral 
Implants Res 1999: 10: 54–61. https://www.ncbi.nlm.nih.gov/pubmed/10196790.

66. Dortbudak O, Haas R, Bernhart T, Mailath-Pokorny G. Lethal photosensitization for 
decontamination of implant surfaces in the treatment of peri-implantitis. Clin Oral 
Implants Res 2001: 12: 104–108. https://www.ncbi.nlm.nih.gov/pubmed/11251658.

 PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsrVolume - 12 | Issue - 02 | February - 2023

International Journal of Scientific Research 79


