
discuss the effectiveness of photodynamic therapy 
in a specific area, the oral cavity. 

Basics of Photodynamic 
Therapy
Photodynamic therapy is a new treatment pro-

tocol used in the management of various diseases. 
Classic PDT is a sequence of specific steps [3]: 

– systematic or topical administration of 
a photosensitizer (PS) to the patient, 

– selective retention of the PS in the target tis-
sues,

– irradiation with light,
– the photochemical reaction and selective 

destruction of damaged tissues.
The photosensitizer is a principal component 

of PDT. This chemical substance or its inactive 
precursor may be administered locally or system-
ically. It is sensitive to light of a specific wave-

Introduction
The history of photodynamic therapy reach-

es back to the beginning of the twentieth centu-
ry. Professor Herman von Tappeiner in 1904 used 
the phrase “photodynamic action” to describe in-
teractions between specific chemical substances, 
oxygen and light. The term “photodynamic thera-
py” was later introduced by another German phy-
sician, Friedrich Meyer-Betz. The first experimen-
tal clinical studies tested the effectiveness of PDT 
in dermatology. The characteristic fluorescence of 
the photosensitizer in neoplastic lesions was used 
as photodynamic tumor detection [1]. Later on, 
photodynamic diagnosis and therapy was adapted 
in the areas of gynecology and urology. PDT has 
a specific mechanism of selective accumulation 
in target tissues. The cytostatic effects depend on 
the photosensitizing properties of the dye and its 
ability of retention in tumor tissues or pathologi-
cal cells [2]. The aim of this paper is to present and 
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Abstract
Photodynamic therapy (PDT) consists of three elements: photosensitizer, light and oxygen. The photosensitizer 
has the property of selective accumulation in abnormal or infected tissues without causing any damage to the 
healthy cells. This innovative therapeutic method has already been successfully adapted in many fields of medicine, 
e.g. dermatology, gynecology, urology and cancer therapy. Dentistry is also beginning to incorporate photodis-
infection for treatment of the oral cavity. The antibacterial and fungicidal properties of the photosensitizer have 
been used to achieve better results in root canal treatment, periodontal therapy and the eradication of candidiasis 
in prosthodontics. The aim of this article is to discuss the effectiveness of photodynamic methods in the diagnosis 
and therapy of selected oral diseases. Scientific data and published papers regarding the antibacterial properties of 
PDT will be subjected to analysis. Photodynamic therapy will be discussed as an alternative treatment protocol in 
oncology, endodontics, periodontology and other fields of dentistry (Adv Clin Exp Med 2016, 25, 4, 799–807).
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length. There are two types of reaction during PDT 
[4]. Irradiation with light results in a transition 
of the photosensitizer from a low-energy ground 
state to an excited singlet state. The excited sin-
glet state may then decay back with an emission of 
fluorescence or may undergo a change to a trip-
let state (Fig. 1). This excited triplet state can un-
dergo two kinds of reactions. In a type I reaction, 
the activated photosensitizer reacts directly with 
a substrate molecule, such as a cell membrane. An 
electron or hydrogen is removed from the mole-
cule to form free radicals. Subsequently the radi-
cals react with oxygen and produce highly reactive 
oxygen species: superoxide, hydroxyl radicals and 
singlet oxygen [5]. In a type II reaction, the excit-
ed PS interacts directly with oxygen to form oxy-
genated products. These two reaction mechanisms 
are strictly dependent on oxygen tension and pho-
tosensitizer concentration [6].

There are different sources of light used in 
PDT. A noncoherent light source, like a conven-

tional arc lamp, was commonly used in the past. 
Nowadays, because of its many drawbacks (low 
light intensity, significant increase in temperature 
in the irradiated tissues) it has been replaced by 
other devices [7]. Tungsten filament, metal halide 
and fluorescent lamps can also be listed among the 
non-laser light applicators, especially for large ar-
eas [8]. The other significant group of devices used 
in PDT is lasers: Dye lasers pumped by argon, metal  
vapor lasers, Nd:YAG and, most recently, diode 
lasers [7, 8]. Diode lasers are small, portable and 
inexpensive, which makes them more commonly 
used in PDT therapy. Light emitting diodes have 
similar advantages (lightweight, flexible and less 
expensive) and are also successfully applied during 
photodynamic treatment [9].

There is a large number of photosensitiz-
ers applied in PDT therapy. They are divided in-
to major groups which differ in chemical struc-
ture and origin: Phenothiazine dyes (methylene 
blue, toluidine blue); phthalocyanine dyes (alumi-
num disulphonated phthalocyanine, cationic zinc 
phthalocyanine, naphthalocyanine); porphyrins 
(Photofrin®, ALA (5-aminolevulinic acid) – pre-
cursor of actual photosensitizer protoporphyrin 
IX), chlorins (temoporfin (Foscan®)), chlorin e6; 
xanthenes (erythrosine), monoterpenes (azulene) 
[10, 11] (Fig. 2). The first photosensitizers, includ-
ing porphyrins, were discovered about 40 years 
ago and are called first generation photosensitiz-
ers. The second generation was more effective in 
generating singlet oxygen and refers to porphyrin 
derivatives and synthetics. In the third generation, 
photosensitizers became modified by the incorpo-
ration of a photo bleaching capability, antibody 
conjugates or protein/receptor system [12, 13].  
This helps to increase the selectivity of a photosen-
sitizer to tumor tissues. Conjugating an antibody 
to photosensitizers reduces healthy cell location 
and increases affinity to tumor cells [14]. Further-
more, photosensitizers binded to a single-chain 
monoclonal antibody (scFv) fragment are more 
effectively cleared from the circulation, which de-
creases their toxic effect to healthy tissues [14]. 
Another approach is the use of a molecular carrier 
such as a liposome nanospecies. This type of mod-
ified photosensitizers with poor solubility in aque-
ous media are prevented from delivery into the 
bloodstream, which helps to keep the concentra-
tion in the targeted tissues at a high level [15, 16].  
Most of these substances become active under the 
influence of red light between 630–700 nm that 
penetrates the tissues at a depth of 0.5 cm (630 nm)  
to 1.5 cm (at 700 nm) [17].

The last decades of intensive research have 
confirmed the effectiveness of photodynamic ther-
apy in the management of various systemic dis-

Fig. 1. Selective absorption, fluorescence of PS and 
mechanism of generation of singlet oxygen
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eases and localized infections. PDT has been ap-
proved for the treatment of cancer [18], bacterial 
[19], fungal [20], viral [21] and parasitic infec-
tions [22]. However, most of the photosensitizers 
used in PDT are significantly more effective in in-
activating Gram-positive bacteria than fungi and 
Gram-negative bacteria [23]. The fungal cell and 
outer membrane of Gram-negative bacteria very 
often restrict binding and prevent the penetration 
of photosensitizers. To increase affinity to the tar-
get cells, photosensitizers required modification. 
The chemical structure was modified by impart-
ing a positive charge, combining it with permeabi-
lizing agents (polymyxin nanopeptide, EDTA) and 
creating nanoparticles for the delivery and release 
system [23, 24]. 

Cancer Therapy
Squamous cell carcinoma (SCC) is the most 

frequent malignant transformation localized in the 
oral cavity [25]. The current treatment standards 
include surgery, chemotherapy and radiotherapy. 
But all of these methods may cause serious side ef-
fects, often permanent, that hinder normal func-
tioning of the body [26]. Extensive radiothera-
py may cause mucositis, xerostomia, loss of taste 
and smell and even osteoradionecrosis. Surgi-

cal excision may leave patients with aesthetic and 
functional disabilities, impairing swallowing and 
speaking [27]. 

Photodynamic therapy is a relatively new and 
promising method of treatment for oral cancer. 
Reactions based on the production of cytotoxic 
oxygen induce apoptosis, destruction of vital or-
ganelles and vascular shutdown leading to hypoxia 
and cell death. A very important aspect of this pro-
cess is survival of the surrounding normal tissues. 
Additionally, rapid migration of cells and healing 
must stay undisturbed, no ulceration or fibrosis 
should appear [28]. 

Three substances have been approved by dif-
ferent countries to be used in the treatment of 
cancer localized in the oral cavity: Photofrin®, 
Foscan® and 5-Aminolevulinic acid 9 (ALA). 
Photofrin and ALA have worldwide acceptance, 
Foscan hasn’t been approved in the USA [29]. 
Photofrin is administered intravenously at a dose 
of 2 mg/kg. After 48 h, required for accumulation 
of the drug in cancer cells, the tumor is illuminated 
at 630 nm [5]. The major treatment indication for 
Photofrin is therapy of large solid tumors at differ-
ent stages. Biel, in his 15-year-long observations, 
confirmed the effectiveness of PDT in the therapy 
of early-stage primary and recurrent carcinomas 
of the oral cavity (palate and floor of the mouth) 
and recurrent infiltrating carcinomas as an addi-

Fig. 2. Chemical structures of photosensitizers
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tional intra-operative treatment [30]. The positive 
response of maxillary gingival squamous cell car-
cinoma to Photofrin® was also proved by Mang, 
who had no recurrence after 25 months following 
irradiation of the tissues [31]. 

Foscan is a second-generation photosensi-
tizer. It is assigned for the palliative treatment of 
advanced head and neck cancers that did not re-
spond to primary therapy [5]. It is usually injected 
at a dose of 0.15 mg/kg and activated with light at 
652 nm after 4 days of delay [26]. The treatment 
protocol based on the use of this photosensitizer  
is directed to patients who cannot be subjected to 
surgery, chemotherapy or radiotherapy. Foscan 
gives them a chance for remission, reduction of 
cancer-related complications and organ dysfunc-
tions [32]. 

5-Aminolevulinic acid (ALA) is a prodrug and 
a biological precursor of the photosensitizer pro-
toporphyrin IX (PpIX) in the heme biosynthesis 
pathway [33]. ALA restrains the first stage of por-
phyrin synthesis, causing accumulation of the ac-
tual photosensitizer, PpIX [34]. ALA is limited to 
superficial lesions. It is applied topically and, like 
most photosensitizers given locally, does not have 
the ability to penetrate deep in the tissues. Intra-
lesional injections often cause significant pain to 
the patient and systemic administration may cause 
side-effects [35], such as headache, nausea, fatigue 
and paraesthesia [36, 37]. Repeated systemic appli-
cation of ALA may also cause damage to hepato-
cytes and impairment of hepatic functions [38]. In 
the oral cavity, PDT with the use of ALA results 
in superficial necrosis and little scarring without 
significant toxicity [39]. These properties appear 
to be useful in the treatment of oral leukoplakia, 
erythroleukoplakia and oral verrucous hyperpla-
sia, premalignant lesions with the potential to con-
vert to squamous cell carcinoma and verrucous 
carcinoma [5]. Chen, in his publication, described 
complete regression in all cases of oral verrucous 
hyperplasia after multiple sessions with ALA topi-
cal application [33]. Erythroleukoplakia was com-
pletely reduced in 75% of cases and oral leuko-
plakia only in 34%, when lesions were irradiated 
twice a week. Better results were reported by Se-
ron [40]. A complete response was obtained in 10 
out of 12 patients with oral leukoplakia. The effec-
tiveness of ALA in the therapy of leukoplakia was 
also monitored by Kübler [41]. In the group of 12 
patients, 5 showed complete response to the treat-
ment protocol, four demonstrated partial recovery, 
and in 3 cases there were no results. There are dif-
ferences in ALA application procedures between 
the authors cited above, but all results confirmed 
the effectiveness of PDT in the management of 
premalignant lesions. Therapeutic results may be 

improved by the modification of the photosensi-
tizer’s molecule. It has been confirmed that ami-
nolevulinic acid (ALA) and its methyl ester (Met-
vix) encapsulated in liposomes improve the quality 
and optimize the results of PDT [42, 43]. Using 
a metalloproteinase inhibitor may be an enhanc-
ing factor of PDT cancer therapy. Further clinical 
studies are required to determine the most effec-
tive protocol of treatment.

Application of PDT  
in Periodontal Therapy 
The main objective of periodontal therapy is 

the elimination of an inflammatory reaction af-
fecting the tissues surrounding a tooth [44]. The 
pathogens responsible for this pathological process 
are present in dental plaque and niches in the oral 
cavity. The reduction or elimination of these etio-
logical factors is the main purpose of initial peri-
odontal treatment. Scaling, root planing and the 
introduction of proper oral habits are essential for 
the success of the hygienic or pre-surgical phase of 
this therapy [45]. Systemic administration of an-
tibiotics has also been advocated in the treatment 
protocols, however this does not give significant 
improvement over mechanical debridement and 
may lead to the development of antibiotic resis-
tance [46]. 

PDT is a promising new approach to perio-
dontal nonsurgical therapy. Many studies have 
been conducted to confirm the effectiveness of this 
treatment modality. Experimental animal mod-
els were created to analyze inflammatory condi-
tions in gingival tissues after the administration of 
PDT. Periodontitis induced in rats demonstrated 
a good response to PDT. There was a reduced ex-
pression of inflammatory cytokines, lower levels of 
TNF-ALFA in the gingival tissues and decreased 
neutrophil migration [47–49]. All these factors 
manifested in a significant reduction of bone re-
sorption. Inhibition of bone loss is an essential in-
dicator of successful periodontal therapy [50]. In 
other observations of PDT application, there was 
a remarkable reduction of lymphocytes in the irra-
diated tissues [51]. An inactivation of host destruc-
tive cytokines, which prevent periodontal tissue re-
generation, is also an important outcome of this 
therapy [52]. In terms of antibacterial properties, 
it has been confirmed that topically applied tolu-
idine blue and laser light are able to kill P.gingivalis 
from the gingival crevice without any damage of 
the adjacent tissues. Even 100% of P.gingivalis may 
be eliminated with the appropriate concentration 
of photosensitizer and red light intensity [53].

Randomized, controlled clinical trials are 
a source of other, different conclusions regarding 
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the efficacy of PDT in the reduction of periodon-
titis. Some studies have been conducted to com-
pare the therapeutic results achieved after scal-
ing and root planing (SRP) alone, and scaling 
and root planing (SRP) followed by photodisin-
fection (PDT). Three basic clinical measurements 
were evaluated: Pocket probing depth (PPD), clin-
ical attachment level (CAL) and bleeding on prob-
ing (BOP). Andersen et al. [46] observed signifi-
cant improvements of the investigated parameters 
after a combined single application of SRP and 
PDT. Slightly different results were described by 
Lulic et al. [54]. Repeated (5 times) application of 
PDT adjunctive to debridement improved clin-
ical outcomes in residual pockets. The differenc-
es were noted only 6 months after the initial treat-
ment. After 12 months from the beginning of the 
clinical trial, there were no differences between the 
two groups. Observations described by Chondros 
and Christodoulides et al. confirmed a significant-
ly higher reduction of bleeding scores only, after 
a single application of combined PDT and SRP 
[48, 55]. De Oliveira carried out a study in a group 
of patients with aggressive periodontitis. Mechani-
cal debridement with or without photodisinfection 
didn’t show any differences in the clinical results 
between the two treatment protocols [49]. 

All the cited randomized, controlled clinical 
trials are very divergent in their final conclusions. 
Many of the parameters accepted for each of the 
studies are different, so it is difficult to compare 
the results. Photodisinfection has many essen-
tial advantages: Reduction of the treatment time, 
no need for anesthesia, eradication of bacteria in 
a very short time, unlikely development of resis-
tance by the targeted pathogens [49]. However, 
PDT cannot be applied as a monotherapy for the 
treatment of patients with periodontal problems. 
Further studies with larger sample sizes and longer 
time of observation are required to confirm the ef-
ficacy of SRP and PDT in combined, non-surgical 
periodontal therapy.

Photo-activated Disinfection 
in Endodontics
The main purpose of endodontic treatment 

is to disinfect the root canal system and eradicate 
bacteria that cause the infection [56]. Convention-
al endodontic treatment consists of mechanical de-
bridement and chemical irrigation with a sequence 
of many different substances. However complete 
the debridement, removal of residing bacteria, ef-
fective irrigation and evacuation of infected tissues 
is practically impossible, because of the anatomi-
cal complexity of the root canal system [57]. Nega-

tive cultures in the canals at the time of obturation 
are correlated with a high, 94% success rate of the 
therapy, whereas positive cultures decrease the rate 
to 68% [58]. Efficient disinfection is undoubted-
ly difficult to achieve but essential for the success 
of the chemomechanical endodontic debridement. 

Photodynamic therapy has recently been stud-
ied as a new alternative regimen for the root canal 
treatment. Many studies have been performed to 
assess the potential of PDT to eliminate polymi-
crobial endodontic infection. The microorganisms 
usually responsible for a build-up of biofilm within  
the root canals are: Fusobacterium nucleatum, 
Prevotella intermedia, Streptococcus intermedius 
and Peptostreptococcus micros. PDT with a com-
bination of standard chemomechanical meth-
ods showed very promising results in the reduc-
tion of these pathogens [59–63]. The additional 
application of a photosensitizer and light signifi-
cantly lowered the number of bacteria remaining 
in the canals in comparison to conventional treat-
ment alone. The results were improved by 7.5% 
[59], 10% [61] and 15% [62] when chemomechan-
ical debridement was followed by PDT. The overall 
reduction achieved by the researchers reached the 
level of 99.9% after two repeated combined thera-
pies [59] and 86.5% after a single application [60]. 

The results of the studies regarding PDT effi-
cacy in the eradication of Enteroccocus faecalis are 
less consistent. E. faecalis is considered to be a type 
of bacteria associated with root canals that have 
developed recurrent infections [64]. E. faecalis  
has a very specific ability to form an impenetra-
ble biofilm, resistant to commonly used intraca-
nal medications [65]. A significant number of the 
published articles confirmed the potential of PDT 
to be an adjunctive antibacterial procedure against 
this species [66]. In some publications, the bacte-
rial survival rate reached very low, 0.1% or 0.8% of 
the pretreatment concentration in the root canal 
system [67, 68]. There are also some reports which 
did not agree with PDT having any additional ef-
fect on mechanical preparation and chemical ir-
rigation [69]. Conventional debridement reduced 
the population of bacteria without any addition-
al effects of PDT. All the published observations 
were based on different experimental conditions. 
The concentration and type of photosensitizer, 
time of light exposure, and energy of the laser may 
affect the PDT. The results are mostly very prom-
ising. However, the root canal system has a com-
plicated architecture with an irregular diagonal of 
the canal, lateral canals and deltas located in the 
area of the apex. These conditions may interrupt 
penetration of the photosensitizer or light which 
is normally distributed with the use of a fiberglass 
applicator. Further studies are required to establish 
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the exact correlation between the photosensitizer, 
light and bacteria responsible for the inflammation 
within the root canals. 

Fungicidal Efficacy  
of Photodisinfection 
Denture stomatitis is an infection of the oral 

mucosa localized in the area covered by a remov-
able denture, usually the palate [70]. The etiolo-
gy is multifactorial, however Candida albicans is 
thought to be the most virulent species causing 
the inflammation. Newton classified denture sto-
matitis in three types: I – localized simple inflam-
mation, II – generalized simple inflammation,  
III – inflammatory papillary hyperplasia [71]. 
Treatment is based on good oral hygiene, local or 
systemic administration of antifungal medications, 
and replacement of the old dentures colonized by 
the pathogens. 

Various protocols of photodynamic therapy 
have been tested against Candida albicans. Most 
of them have been conducted under in vitro con-
ditions. There were also a small number of ani-
mal in vivo trials that delivered significant data 
relating to the fungicidal efficacy of PDT [72–74].  
Oral candidiasis in rat and murine models ap-
peared to be susceptible to photodisinfection. 
High concentrations of the photosensitizer (meth-
ylene blue) completely eliminated C. albicans  
from the infected oral mucosa [72]. The viability 
of the pathogen was significantly reduced without 
any damaging effects to the irradiated area. His-
tological alterations in the animal tissues were not 
observed. Photodynamic chemotherapy increases 
membrane permeability in C. albicans and pro-
motes cell death [75]. 

The effectiveness of PDT in the therapy of 
denture stomatitis in the human body has not been 
properly investigated so far. Mima et al. described 
the treatment results of five cases infected with  
C. albicans [76]. Four patients showed a resolution 
of candidiasis after photodisinfection. A recur-
rence was observed in three patients after 30 days 
during the follow-up studies; however, denture 
stomatitis represents a high frequency of recur-
rence after conventional treatment with antifun-
gal medications. PDT also displayed a short-term 
therapeutic effect. 

The same author also conducted a clinical tri-
al to compare the effects of photodisinfection with 
a topical application of nystatin, which is conven-
tionally used in the treatment of denture stomati-
tis [77]. PDT appeared to be as effective as the topi-

cal antibiotic in reducing the number of pathogens 
from dentures and palates. A high rate of recur-
rence was observed in both groups. A smaller num-
ber of sessions is required to achieve the same clin-
ical results as after multiple application of nystatin. 

Photodynamic therapy has a great potential to 
become a new standard protocol for the treatment 
of oral candidiasis. There is a great need to find 
an effective and noninvasive fungicidal therapy for 
immunodeficient patients and elderly people. PDT 
meets these criteria. The application procedure is 
easy to perform in the oral cavity. It is not painful 
and no adverse tissue reactions have been record-
ed so far. 

Conclusions
Photodynamic therapy is currently used in 

many fields of medicine. It has been successfully 
introduced in dermatology, urology and gynecol-
ogy. It has become accepted as an additional treat-
ment protocol for cancer therapy and many skin 
diseases. The selectivity of PDT was also adapt-
ed for diagnosis and treatment in the area of the 
oral cavity. Photodynamic therapy has many in-
disputable advantages. It is safe for human tissues 
and selectively eliminates cells that are affected by 
pathogens. The photosensitizer is able to penetrate 
dead or damaged tissues without developing a re-
sistance that might appear after long-term antibi-
otic therapy. PDT has a broad therapeutic window 
and is effective in the eradication of organisms, or-
ganized either in colonies or biofilm. 

Photodynamic therapy is a promising modali-
ty for the treatment of oral diseases. It can intensify 
the results of conventional endodontic root canal 
disinfection and periodontal debridement. Fungi-
cidal photodisinfection displays a comparable ef-
fectiveness to medications routinely used in the 
therapy of candidiasis, with a similar rate of recur-
rence. Further clinical studies are required to de-
termine the most efficient and safe parameters of 
PTD, but so far the clinical results are very prom-
ising. Some photosensitizers have already been ap-
proved for the application of cancer therapy in the 
human body. They give a chance for remission, 
reduce tumor-related organ dysfunctions and in-
crease the standard of life for terminally ill pa-
tients. The application of light also has diagnostic 
properties. In the oral cavity, it helps to locate car-
ies, dental plaque, staining or calculus. Early detec-
tion and diagnosis in these cases prevents the pro-
gression of demineralization and helps to maintain 
healthy dentition. 
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