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Photodynamics in Dentistry - A Review

Introduction
Photodynamic therapy (PDT) is a medical treatment that 
utilizes light to activate a photosensitizing agent 
(photosensitizer) in the presence of oxygen. The 
exposure of the photosensitizer to light results in the 
formation of oxygen species, such as singlet oxygen and 
free radicals, causing localized photodamage and cell 
death. Clinically, this reaction is cytotoxic and 
vasculotoxic. Depending on the type of agent, 
photosensitizers may be injected intravenously, ingested 
orally, or applied topically. The relative simplicity of the 
mechanism of activation of photosensitizers has 
stimulated considerable interest in PDT. 

Currently, PDT is being applied mostly in the treatment 
of cancer,1-4 however, several studies have shown that 
PDT also has antimicrobial properties.5-12 Photodynamic 
antimicrobial chemotherapy (PACT) represents an 
alternative antibacterial, antifungal, and antiviral 
treatment for drug-resistant organisms.13 It is unlikely 
that bacteria would develop resistance to the cytotoxic 
action of singlet oxygen or free radicals. Applications of 
PDT in dentistry are growing rapidly: the treatment of 
oral cancer, as well as bacterial and fungal infections, and 
the photodynamic diagnosis (PDD) of the malignant 
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transformation of oral lesions.14 The non-oncological 
applications of PDT include treatment of psoriasis,15 

actinic keratosis,16 rheumatoid arthritis,17 and age-related 
macular degeneration.18 The aim of this review is to 
outline the clinical results of PDT for the treatment of oral 
infections. 

Discussion 
Photodynamic reaction
PDT involves three parts: incident light, a photosensitizer 
and oxygen. The light (photon) is absorbed by the 
photosensitizer, which undergoes a transition from a low 
energy ground state to an excited state. The activated 
photosensitizer interacts with oxygen to produce singlet 
oxygen and other free radical species that cause a toxic 
effect in tumor cells and microbial cells. 

PDT produces cytotoxic effects through photodamage to 
subcellular organelles and molecules. Mitochondria, 
lysosomes, cell membranes, and nuclei of cells are 
considered potential targets, along with the tumor 
vasculature. During light exposure, sensitizers that 
localize in mitochondria may induce apoptosis, while 
sensitizers localized in lysosomes and cell membranes 
may cause necrosis. 19

Components of Photodynamic Therapy
Light sources 

PDT requires a source of light that activates the 
photosensitizer by exposure to low-power visible light at 
a specific wavelength. Human tissue transmits red light 
efficiently, and the longer activation wavelength of the 
photosensitizer results in deeper light penetration. 
Consequently, most photosensitizers are activated by red 
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light between 630 and 700 nm.20,21 The total light dose, the 
dose rates, and the depth of destruction vary with each 
tissue treated and with each  photosensitizer.2,22,23 At 
present, diode laser systems that are easy to handle, 

portable, and cost-effective are used predominantly. 21 

Recently, non-laser light sources, such as light-emitting 
diodes (LED), have also been applied in PDT. 24-27 

Photosensitizers
Photosensitizers used in PACT include: (i) phenothiazine 
dyes [Methylene Blue (MB) and Toluidine Blue O (TBO; 
tolonium chloride)]; (ii) phthalocyanines [aluminum 
disulphonated phthalocyanine and cationic 
Zn(II)-phthalocyanine]; (iii) chlorines [chlorine6, 
Sn(IV)chlorine6, chlorine6-2.5 Nmethyl-d-glucamine 
(BLC1010)], and polylysine and polyethyleneimine 
conjugates of chlorine 6; (iv) porphyrins 
(hematoporphyrin HCl, Photofrin, and ALA); (v) 
xanthenes (erythrosin); and (vi) monoterpene (azulene). 
The photosensitivity of bacteria appears to be related to 
the charge of the sensitizer. In general, neutral or anionic 
photosensitizers bind efficiently to and inactivate Gram 
positive bacteria. The affinity of negatively charged 
photosensitizers for Gram negative bacteria may be 
enhanced by linking the sensitizer to a cationic molecule 
(e.g., poly-L-lysine-chlorin e6), by the use of 
membrane-active agents (e.g., treatment with 
Tris-EDTA), or by conjugating the sensitizer with a 
monoclonal antibody that binds to cell-surface-specific 
antigens.5, 6,10,28,29. 

Photodynamic antimicrobial chemotherapy of dental and 
mucosal infections:

The oral cavity is colonized by complex, relatively 
specific, and highly interrelated micro-organisms, 
including aerobic and anaerobic Gram-positive and 
Gram-negative bacteria, fungi, mycoplasma, protozoa, 
and viruses. In the biofilm, bacteria exhibit increased 
resistance to antibiotics, environmental stresses, and 
host immune defense mechanisms. Two of the most 
common bacterial diseases that afflict humans are dental 
caries and periodontal diseases. Both result originally 
from a build-up of plaque biofilms on the teeth and soft 
tissues in the mouth. 

PDT in periodontal biofilms
The antimicrobial activity of photosensitizers is 
mediated by singlet oxygen, which, because of its high 
chemical reactivity, has a direct effect on extracellular 
molecules. Thus, the polysaccharides present in 
extracellular matrix polymers of a bacterial biofilm are 
also susceptible to photodamage. Such dual activity, not 
exhibited by antibiotics, represents a significant 
advantage of PACT. Electron microscopy and confocal 
microscopy have revealed destruction of periodontal 
biofilms by  Zn(II)- phthalocyanine 29 and 
poly-L-lysine-chlorine 6 conjugate (pLCe6). 30. Studies 
on multispecies biofilms and Streptococcus mutans have 
shown to kill bacteria subjected to PACT. 31. 
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Fig. 1 Mechanism of action of Photodynamics (Courtesy: Konopka K, Goslinski T. 
Photodynamic Therapy in Dentistry. J Dent Res 2007; 86(8): 697)



PDT in Endodontics

Various studies done on Streptococcus intermedium 
have shown to reduce the number of these 
microorganisms from infected root canals.32,33 Some 
studies done on Enterococcus faealis showed that PACT 
was effective in killing these organisms beyond 95%. 
34,35  while other studies revealed 77.5% reduction in E. 
faecalis viability.36  Biofilms of Proteus mirabilis and 
Pseudomonas aeruginosa, prepared in extracted human 
teeth, were treated using PACT. PACT alone reduced 
the bacterial load by 95%, while the combination of 
standard endodontic treatment with PACT reduced it by 
> 98%. 37

Results of certain studies suggest that the use of PDT as 
an adjuvant to the conventional endodontic treatment 
leads to a statistically significant further reduction of 
bacterial load and in particular reduces the amount of 
bacterial regrowth after 24 hours compared to either 
treatment alone. 38,39 Data from an ex vivo study 
indicated that PDT significantly reduces residual 
bacteria within the root canal system, and that PDT, if 
further enhanced by technical improvements, holds 
substantial promise as an adjunct to chemomechanical 
debridement. 40

PDT in Peri-implantitis
Peri-implantitis is a multifactorial process involving 
bacterial contamination of the implant surface and the 
formation of biofilms. Bacterial plaque on implants 
leads to inflammatory changes in the adjacent soft 
tissues. In vitro studies done to check the effect of 
Toluidine Blue O (TBO) on Actinobacillus 
actinomycetemcomitans, Porphyromonas gingivalis, 
and Prevotella intermedia in peri-implantitis cases 
revealed a significant reduction in their numbers.41,42 In 
vivo animal experiments showed that bacterial load and 
alveolar bone loss could significantly reduced in 
peri-implantitis cases.43 PACT was conducted with two 
sensitizers, chlorine 6 and a novel water-soluble 
chlorine 6 derivative, BLC1010, followed by 
illumination with a diode laser (662 nm).44  The 
treatment caused a significant reduction in redness and 
bleeding on probing; Porphyromonas gingivalis was 
much more sensitive to PACT than was Fusobacterium 
nucleatum.

PDT in Candidial infections
Oropharyngeal candidiasis, caused by Candida albicans 
is a widespread opportunistic infection in HIV-infected 
individuals and in patients taking immunosuppressive 
drugs. 

Candida-associated denture stomatitis is a common 
recurrent disease in denture wearers. The ability of 
Candida albicans to form biofilms on epithelial surfaces 
and prosthetic devices contributes to the failure of 
antifungal therapy and to recurrent infections.45 The 
increasing resistance of Candida albicans to antifungal 
agents has stimulated an interest in the new treatments. 
Like other yeasts, Candida albicans is more difficult to 
kill by PACT than are Gram-positive bacteria. This is 
attributed to the presence of a nuclear membrane and 
the larger cell size.46 Experiments on mucoadhesive 
patches containing TBO as a potential delivery system 
in oral candidiasis were done using a Paterson lamp 
(635 nm). Significant reduction of the candidial cells 
was seen.12 In immunosuppressed mice, topical 
application of Methylene Blue (MB) at 450 and 500 
g/mL, followed by illumination with a diode laser (664 
nm), totally eradicated Candida albicans from 
pseudomembranous candidiasis lesions on the dorsum 
of the tongue. 47

Tumors and Malignancies

Oral squamous cell carcinoma (SCC) is the most 
frequent malignant tumor of the oral cavity and the 
eighth most common cancer in the world, representing 
2-4% of annually diagnosed cancers.48 Despite 
numerous advances in surgery, chemotherapy, and 
radiation, the five-year survival rate has not improved 
significantly over the last 50 years. These conventional 
treatments cause many side effects, including jaw pain, 
mouth sores, dysfunctional salivary glands, and 
difficulties in chewing, swallowing, and talking.49 The 
advantage of PDT over conventional treatments is 
based on its minimal invasiveness and relatively 
selective tumor destruction, with the preservation of 
healthy tissues. These features of PDT are important for 
head and neck SCC, in which excessive tissue loss 
causes considerable functional problems. In addition, 
PDT may be applied in combination with conventional 
treatments.2 Clinical applications and outcomes of PDT 
in the treatment of head and neck SCC have been 
reviewed. 2,3,23 In various studies done till now, patients 
having different types of cancerous lesions, including 
primary, recurrent, and metastatic lesions have been 
studied. The prevalent histology was SCC, but others 
included mucosal melanoma, Kaposi's sarcoma, adeno 
- carcinoma, metastatic breast carcinoma, and adenoid 
cystic carcinoma have responded to PDT from a range 
of 100% 50 to 40% recovery.51
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The clinical simplicity of drug-, light-, and 
oxygen-based reaction has stimulated the current 
expansion of PDT. Yet even the best currently available 
systemic photosensitizers accumulate to a certain 
degree in other organs, particularly in the skin, causing 
prolonged photosensitivity after exposure to light. The 
lack of accurate dosimetry, combined with 
insufficiently defined treatment parameters, has also 
diminished the success of PDT.24 Although PDT was 
originally considered as a local treatment, limited to 
sites where the light activates a photosensitizer, it is 
now realized that PDT can initiate regional and 
systemic immune responses.52 Despite all these 
limitations, the existing photosensitizers and light 
sources have achieved significant clinical success, 
allowing PDT to expand. The development of optimal 
photosensitizers should address the problems of 
toxicity, mutagenicity, and elimination of the drug from 
the patient, selectivity and target ability of 
photosensitizers, dependable activation by an 
appropriate wavelength of light, sunlight precautions, 
simplicity of administration, pain-free outpatient 
therapy, availability, and cost-effectiveness. 

Conclusion
PDT seems to be an effective tool in the treatment of 
localized and superficial infections. Oral infections 
such as mucosal and endodontic infections, periodontal 
diseases and peri-implantitis are among the specific 
targets where PDT can be applied. Further long-term 
clinical studies are necessary in establishing a more 
specific place of the technique in the field of dentistry.
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