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Introduction

Chronic periodontitis is described as an infective disease 
which results in inflammation of the supportive tissues around 
the teeth causing attachment loss progressively along with 
progressive destruction of bone.[1] It manifests clinically in 
the form of periodontal pocket and gingival recession. A key 
role is played by bacterial biofilm and inflammatory mediators 
such as cytokines in the etiology of periodontitis.[1,2]

Both non-surgical and surgical periodontal therapies aim 
at the reduction of bacterial load by eliminating the dental 
plaque and calculus. Conventional non-surgical therapy 
includes mechanical debridement using hand instrumentation 
and ultrasonic instrumentation. These conventional treatment 
methods, that is, scaling and root planning (SRP), however, do 
not wholly exterminate the periodontal pathogens completely. 
Incomplete removal is due to anatomical complexity of the tooth 
roots and the ability of the bacteria to invade the soft tissues.

Some therapeutic adjunctive, such as systemic and local 
antibiotics, have been used in the literature with some amount 

of success to augment the effect of conventional mechanical 
debridement by suppressing the periodontal pathogens in cases 
not responding to conventional treatment.[3]

Systemic antimicrobial therapy has few limitations as 
the microorganisms receive safe niche from the biofilm 
environment and also requisite drug concentration 
fail to reach the gingival crevicular fluid (GCF). [4] 
Furthermore, repeated and extended usage of systemic 
antimicrobials brings undesirable side effects such as the 
emergence of resistant microorganisms and shift in the 
microflora. The above disadvantages have limited the use 
of antimicrobials.[5] Although local drug delivery (LDD) 
evolved as an alternative to systemic antibiotics, the use 
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of the same depends on number of sites, cost, and patient 
compliance.[6]

To overcome most of the problems and complications related 
to the local and/or systemic use of antibiotics, a relatively 
novel application of therapy, photodynamic therapy (PDT) 
has been advocated. Although discovered more than 
100  years ago by its killing effect on microorganisms, 
PDT has found most success as a treatment for cancer 
and age-related macular degeneration. [7] In PDT, a 
photochemical reaction ensues on light-mediated stimulation 
of a photosensitizing compound in the presence of oxygen 
conditional environment which generates cytolethal reactive 
oxygen species (ROS), with singlet oxygen in predominance, 
having selective toxic effects on the microorganisms. PDT’s 
major advantages are its specificity to the targeted cells, with 
no collateral damage, initiation of activity only on specific 
light exposure, and the lack of resistance development among 
bacterial species, which is frequent in case of indiscriminate 
use of antibiotics.[8]

History of PDT
The principle of PDT, as shown in Figure 1, was accidentally 
discovered in 1900 by the medical student, Oscar Raab in 
Munich, who was involved in a study on the toxicity of the 
dye acridine red on Paramecium spp. as part of his doctoral 
thesis (Raab, 1900). In following years, Von Tappeiner 
coined the term “photodynamic action” and attested that 
the presence of oxygen is essential in photodynamic action. 
Later on, von Tappeiner applied this approach with Albert 
Jesionek clinically for the treatment of skin carcinomas 
(Jesionek and Tappeiner, 1905) and coined the term 
“photodynamic phenomenon” (Tappeiner, 1909).[9] Over the 

years, as shown in Figure 1, more advances have been made 
in anticancer PDT and different photosensitizers (PSs) have 
been discovered. In 1999, the Food and Drug Administration 
approved the PDT to treat precancerous skin lesions of the 
face or scalp.

While anti-cancer PDT is clinical reality now for 25  years 
at least, for example, in the treatment of actinic keratosis 
or basal cell carcinoma, antimicrobial applications of the 
photodynamic process have only been rediscovered in response 
to the emergence of the first drug-resistant infections in the 
health-care sector during the early 1990s.[10]

Antibacterial PDT (aPDT) was first introduced in 1960. 
Macmillan used toluidine blue (TBO) against microorganisms 
such as bacteria, algae, and yeast. Other dyes including 
methylene blue (MB), rose Bengal, Eosin Y, neutral red, 
acridine orange, crystal violet, and rhodamine 6G were 
presented as a PS and it was established that cationic dyes are 
more effective against bacteria than anionic PS.[8]

However, the discovery of penicillin (1928 – Alexander 
Fleming) and its miraculous bactericidal properties, as well as 
other antibiotics (1940–1990) impeded the progresses made 
in aPDT.[8]

In April 2014, the WHO warned that we are on the cusp 
of a “post-antibiotic era.” The growing resistance to many 
antibiotics in recent years and emergence of multidrug-
resistant bacteria has diverted the attention toward alternative 
antibacterial therapies such as aPDT.[9]

Components of PDT
PDT involves three components as shown in Figure 2, such as 
visible light, a non-toxic PS, and oxygen.[10]
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Light

Low-power light source of specific wavelength, as shown 
in Figure 2, is required for activation of the PS. Mostly, the 
PSs are triggered by red wavelength light between 630 and 
700 nm, which corresponds to depth of light infiltration from 
1.5 cm (700 nm) to 0.5 cm (at 630 nm), which is sufficient for 
periodontal treatment.[10]

In the past, a range of light origins such as argon lasers, 
potassium titanyl phosphate, and Nd: YAG was used for PS 
activation. At present, most commonly applied light sources 
in PDT are helium neon lasers (633 nm) and Ga-Al-As diode 
laser (630–690 nm, 830 nm, or 906 nm). Among the above, 
diode lasers which have a number of advantages such as cost-
effectiveness, portability, easy handling, precision, and user 
friendliness are used predominantly.[7]

Non-coherent light sources such as quartz halogen, tungsten 
filament, phosphor-coated sodium lamps, and xenon arc are 
utilized to treat larger areas. Non-laser light sources such as 
light-emitting diodes (LEDs) have been utilized recently due to 
their portability, cost-effectiveness, and light weight properties, 
however, due to lack of literature, their efficiency cannot be 
exactly determined.[10]

PS and Generations

Photosensitizing agents/PSs are dyes molecules which can 
absorb light power and use it in promoting chemical reactions 
in tissues and cells.[11]

Among different PSs, as shown in Table 1, porphyrins, the 
first PSs, were discovered about 70 years back and commonly 
known as the first-generation PSs. The second generations 
refer to porphyrin derivatives and synthetics who are more 

efficient in producing singlet oxygen. In the third generation, 
PSs became modified by the incorporation of a photo bleaching 
capability, antibody conjugates (more effectively cleared from 
the circulation, which decreases their toxic effect to healthy 
tissues), or protein/receptor system, liposome nano species.[12]

Antimicrobial action of PS
The ideal PS structure is very dissimilar between antimicrobial 
and anticancer PSs. Anticancer PSs are with little or no 
overall charge (either positive or negative) is more likely to 
be lipophilic, whereas antimicrobial PSs tend to have marked 
cationic charges, and in most of the cases, more the charge the 
better the dye particularly for aiming at Gram-negative bacteria. 
Anticancer PSs commonly have absorption bands infrared or 
near-infrared (long wavelength) bands for enhanced tissue 
permeation of the stimulating light, however for antimicrobial 
PSs, the above quality is of lesser importance as infections 
treated by PDT are more likely superficial in nature.[12]

The two most popular phenothiazinium dyes, that is, MB and 
TBO with wavelengths of absorption of 600–660 nm have 
been widely studied for antimicrobial applications and less 
often for anticancer.[12]

Mechanism of PDT
Photodynamic reaction has mainly two mechanisms. Both of 
them are closely related to molecular oxygen inside the cells. 
Both the mechanisms share similar first stage. Each PS has 
an absorption spectrum. A PS, after entering the cell, when 
irradiated with this wavelength, absorbs a photon and gets 
transformed from its singlet basic energy state S° to the excited 
singlet state S1 because of the photon absorption. In its excited 
state, PS molecule loses part of its energy through radiating a 
considerable amount of fluorescence, and with the remaining 
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energy, the molecule is directed to the excited triplet state T1. 
T1 is the suitable therapeutic form of the PS.[13]

Type I Mechanism of Photodynamic Reaction

The PS in its excited state, that is, triplet T1 transmits energy 
directly to its surrounding biomolecules producing free radicals 
and radical ions through electron transfer reactions or hydrogen-
atom abstraction. These extremely reactive free radical species 
further cointeract with endogenic molecular oxygen to create ROS 
such as hydrogen peroxide, superoxide, and hydroxyl radicals.[13]

Type II Mechanism of Photodynamic Reaction

PS (excited triplet state) transports energy directly to the 
oxygen molecule present in their basic triplet state (basic 
energetic state) producing singlet oxygen. Singlet oxygen is 
lethal to various microorganisms including bacteria, protozoa, 
viruses, and fungi causing oxidative injury to the bacterial cell 
membrane. Due to a brief lifetime and very short radius of 
action, the effect is localized without any effects on the distant, 
cells, molecules, or organs.

Type II photo route of aPDT is commonly recognized as the 
key path in microbial cell injury and singlet oxygen is the major 
cytotoxic agent which is liable for the biological consequences 
of the photo-oxidative process.[12-14]

The ROS reacts with proteins, organelles, nucleic acids, and 
lipids which are the cellular components and cause irreversible 

damage by modifying the respiratory chain and increasing the 
membrane permeability ultimately leading to cell death.[12]

PDT in the Treatment of Oral Diseases

PDT applications in dentistry are as under: [7,10,11]

•	 Diagnosis of malignant oral lesions
•	 Treatment of premalignant superficial oral lesions such 

as oral erythroleukoplakia, oral leukoplakia, and lichen 
planus oral verrucous hyperplasia

•	 Treatment of oral cancerous lesions
•	 Treatment of bacterial, viral, and fungal infections 

(candidiasis) of the oral cavity
•	 Disinfection of cavity post-caries excavation
•	 As an aide to conventional endodontic disinfection 

treatment of the canal
•	 As an adjunct to periodontal therapy.

Application of PDT in periodontal therapy
•	 As an adjunct to non-surgical periodontal therapy in the 

management of
•	 Chronic periodontitis
•	 Aggressive periodontitis (AgP)
•	 Refractory periodontitis
•	 Peri-implant mucositis
•	 Peri-implantitis
•	 Chronic periodontitis in diabetic patients
•	 Chronic periodontitis in smokers

•	 As an adjunct to surgical periodontal therapy in the 
management of chronic periodontitis

•	 Disinfection of implant site ostectomy

PDT in Periodontitis

Although PDT is more widely known for its application in the 
treatment of neoplasms, there is an interest in antimicrobial 
PDT, because a large number of microorganisms (including 
oral species) were reported to be killed in vitro by this 
approach.[9] Further, the potential of some key virulence factors 
(lipopolysaccharide and proteases) was shown to be reduced 
by photosensitization.[10]

In the periodontology antimicrobial PDT, various PSs have 
been used in various concentrations, as shown in Table  2, 
for example, TBO (concentration – 0.1 mg/ml, 100 ug/ml) 
or tolonium chloride (5%), MB (concentration – 10 mg/ml, 
1%, 0.01%, 0.03%), phenothiazine chloride (100 ug/ml), or 
indocyanine green. PSs have been placed in periodontal pockets 
from time ranging from 1 to 3 min and laser wavelength ranges 
from 660 to 690 nm.[15]

Studies have used different frequency of aPDT application 
ranging from 1 to 4 times.[16]

Follow-up duration of the included studies, as shown in 
Table 2, was limited ranging from 12 to 24 weeks.[16-18]

Majority of studies have applied a split-mouth approach as 
shown in Table 2, barring a few,[17] also majority of the studies 

Table 1: Generation and types of photosensitizers

Type and generation of photosensitizers

Generation Photosensitizers
First Porphyrins

• Photofrin
• Hematoporphyrin
•  Hematoporphyrin derivatives (HPDs)

 -Porfimer sodium
Second

Non-porphyrins
• Psoralen
• Anthracyclines
• Chalcogenopyrylium
• ADPMs
• Cyanines
• Phenothiazium dyes

Methylene blue
Toluidine blue

• Xanthenes 
Erythrosine 

• Monoterpene 
Azulene 

Porphyrins
• Metalloporphyrins
• Porphycenes
• Pheophorbides
• Purpurin

Tinethyletiopurpurin (SnET2)
• Chlorins

Mono-L-aspartyl chlorin e6
• Phthalocyanines

Aluminum disulfonated phthalocyanine
Naphthalocyanine 

• 5-Aminolevulinic acid (ALA) 
• Benzoporphyrin derivative (BPD)
• Texaphyrin
• �Meta-Tetra (hydroxyphenyl) porphyrins 

(mTHPP)
• Talaporfin sodium (LS11) mTHPC

Third 2nd generation plus biologic conjugates (e.g., 
antibody conjugate, liposome conjugate) 

Journal of Research and Advancement in Dentistry  ¦  Volume 13  ¦  Issue 1  ¦  Jan-Feb 202244



Sharma D, et al.: Antimicrobial photodynamic therapy in periodontology

used aPDT as adjunctive approach to NSPT excluding a few 
who used it as a monotherapy[16,18] with promising outcome 
on application of aPDT.

Power output, energy fluence, and duration of irradiation, as shown 
in Table 2, were frequently around 75 mW (milliWatts), 212.23 Jcm2 
(joules per square centimeters), and 60–120 s, respectively.[16,18]

Table 2: Clinical studies on the use of antimicrobial Photodynamic therapy  adjunctive to SRP in the Management of 
chronic periodontitis

Author and year Type of 
study

Light Photosensitizer, 
time of 
application

Light parameters 
and time of 
exposure method 
of irradiation

Purpose of 
application 
(period of 

observation)

Findings

Yilmaz et al., 2002[25] RCT Diode laser 
(685 nm)

MB 30 mW (5 Hz), 
pulsed 71 s per 
each papillary 
region over gingiva

32 days No additional clinical and microbiological 
improvement

Andersen et al., 2007[62] RCT Diode laser 
(670 nm)

MB 150 mW, CW 
60 s per site into 
periodontal pockets

3 months Significant clinical improvements over SRP

Christodoulides et al., 
2008[26]

RCT Diode laser 
(670 nm)

MB 75 mW 60 s 
per tooth into 
periodontal pockets

6 months PD reduction and CAL gain comparable to 
SRP significantly
higher reduction in BOP than SRP

Braun et al., 2008[37] RCT Diode laser 
(660)

100 μg/ml 
phenothiazine 
chloride

100 mW/cm2

10 s
3 months Significant improvement of PD reduction 

and CAL gain in favor of SRP+aPDT after 3 
months (P<0.05). No difference in REC.

Ge et al., 2010[36] RCT 670 nm 0.01% methylene 
blue

140 mW/cm2

21 J/cm2

60 s

3 months PD reduction and CAL gain comparable to 
SRP significantly higher reduction in BOP 
than SRP

Campos et al., 2013[63] RCT Diode laser 
(660)

MB 60 mW
60 s per tooth into 
periodontal pocket

3 months Significantly higher PD reduction and 
CAL gain compared to the sites treated by 
conventional SRP alone

Bassir et al., 2013[23] RCT Diode laser 
(625–635 nm)

Toluidine blue O
0.1 mg/ml

LED lamp
2000 mW/cm2

- 60 J/cm2

- 1 min

3 months No significant improvements for any clinical 
parameter in favor of SRP+aPDT

Luchesi et al., 2013[31] RCT Diode laser 
(660 nm)

MB 60 mW 1 min per 
site into periodontal 
pocket

6 months No clinical benefits for class II furcation, but 
reduction in pro-inflammatory cytokines and 
a reduction in periodontopathogens

Balata et al., 2013[30] RCT Diode laser 
(660 nm)

100 mW/cm2 
60 s per tooth into 
periodontal pocket

6 months No significant improvements in any clinical 
parameter in favor of SRP+aPDT

Betsy et al., 2014[47] RCT Diode laser 
(655 nm)

MB 60 mW 60 s into 
periodontal pocket

6 months Significant reduction in PD and gain in CAL

Berakdar et al., 2012[41] RCT Diode laser 
(670 nm)

0.005% 
Methylene blue

150 mW 1 min 6 months Significant improvement of PD reduction 
and CAL gain in favor of SRP+aPDT after 6 
months (P=0.007). No significant difference 
in CAL gain.

Cappuyns et al., 2012[39] RCT Diode laser 
(660 nm)

100 μg/ml 
phenothiazine 
chloride

40 mW/cm2–9 J/cm2 
- 1 min

6 months No significant differences between SRP, soft 
laser, and adjunctive aPDT after 6 months. 
The risk for a site to remain >4 mm with 
BOP was after SRP+aPDT significant lower 
than after SRP alone or soft laser treatment

Pourabbas et al., 
2014[24]

RCT Diode laser 
(638 nm)

Toluidine blue O 8–10 J/cm2

120 s
3 months No significant differences for PD reduction, 

CAL gain, and inflammatory markers were 
observed in between-group comparisons

Carvalho et al., 2015[32] RCT Diode laser 
(660 nm)

MB 40 mW
90 s per site in to 
periodontal pocket

9 months No significant differences between test and 
control groups

Sigusch et al., 2010[53] RCT Diode laser 
(670 nm)

100 μg/ml 
phenothiazine 
chloride

60 mW/cm2

60 s
3 months Significant reductions in reddening, BOP, 

PD, and CAL, were observed during 
the follow-up in respect to controls. PD 
reduction and CAL gain showed significant 
differences from baseline values and from 
those of the control groups, at 1 and 3 
months after adjunctive aPDT treatment
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In majority of studies, patients with systemic conditions, 
pregnant or lactating women and patients who had taken 
antibiotics in the past 3–12 months, and smokers were excluded 
from the study.[16-18]

Various commercial aPDT systems are available in 
the market, such as “Fotosan 630TM” (CMS Dental, 
Copenhagen), in which TBO in a 0.01% solution and a LED 
light source with a wavelength of 630 nm are used, another 
system called “HelboTM” (BredentTM Medical), uses a 1% MB 
solution and a 660 nm wavelength laser, “PadPlusTM” system 
(Orange Dental) uses tolonium chloride in a 0.00127% 
solution and a light source with a wavelength of 635 nm, 
and “PACTTM” (Cumdente GmbH) uses TBO in a 0.005% 
solution and a laser with a wavelength of 635 nm. Adjunct 
H2O2 application with aPDT has also been tried in literature 
with some success.[10,16,18]

The results of several in vitro and animal studies have 
demonstrated the effectiveness of aPDT in the reduction of 
periodontopathic bacteria. Using histomorphometric analysis, 
studies have also evaluated the effects of aPDT in the control 
of alveolar bone loss and the extension of the inflammatory 
process in experimentally induced periodontitis in animals. 
These studies have demonstrated that aPDT is an effective 
therapy for controlling and treating periodontal disease.[19-22]

In the past two decades, several clinical studies on humans 
have evaluated the effect of aPDT as an adjunctive therapy in 
the treatment of chronic periodontitis.[23-42]

Studies evaluating clinical parameters do not give clear picture 
of role of PDT as an adjunct to the gold standard mechanical 
debridement, that is, SRP.

The notion of repetitive appliance and light activation of 
the PS has been attended in only few of the studies, where 
up to four aPDT applications were utilized.[43] In a trial,[25] 
application of three rounds of PDT within a time period of 
1 week had insignificant effect on microbiological and clinical 
parameters,[44] however, systematic reviews have analyzed the 
literature and stated multiple application produced no statistical 
differences compared to single application.[15,45,46]

Studies, as shown in Table 2,[26,37,47] have shown a significant 
reduction in BOP when aPDT used as an adjunct to NSPT, 
while other studies have shown no significant differences.[23-25]

Similarly, for other clinical parameters, that is, pocket 
probing depth PPD, CAL[13,19,21,37,41,48-50] found significant 
improvements, contrary to these[26,30,51] reported that aPDT 
provided no additional benefits in PPD reduction and CAL.

In comparison to clinical parameters, evaluation of microbial 
parameters has been evaluated in fewer studies.[31,33,52] 
Many of the studies have reported the microbial parameters 
evaluating around 40 different bacterial species such as 
Aggregatibacter actinomycetemcomitans, Porphyromonas 
gingivalis, Tannerella forsythia, Treponema denticola, 
Prevotella intermedia, Fusobacterium nucleatum, Eubacterium 

nodatum, Capnocytophaga spp., and Parvimonas micra to 
name a few.[19-21,31,42,49,53]

aPDT as an adjunct to SRP in the management of AgP was 
compared to the adjunct use of systemic antibiotics, however, 
the use of antibiotics showed significantly better outcome 
as compared to aPDT. However, the authors of the studies 
mentioned that aPDT in contrast to the use of antibiotics has 
the advantage of repeated applications as bacterial resistance 
to aPDT has not been reported.[54] In a study comparing 
the localised application of antibiotics and aPDT in the 
management of perimplantitis, the clinical outcomes were 
comparable.[55] Other studies also showed a statistically 
significant decrease in P. gingivalis and T. forsythia in the 
PDT group.[22,31] On the other hand, PDT protocol presented 
inferior frequency of P. gingivalis at 3 months when compared 
with the other therapies similarly PDT failed to show superior 
pathogen load reduction.[32,56]

There are inadequate data in the literature about the effect of PDT 
on the modulation of immune biomarkers, that is, interleukin (IL-
1β), tumor necrosis factor (TNF-α), transforming growth factor 
(TGF-b), and matrix metalloproteinase (MMP-8) levels in GCF. 
Three studies[31,36,43] reported lower IL-1β levels in the GCF of 
patients treated with adjunct aPDT to SRP while two studies,[24,38] 
there was no significant difference in the IL-1β concentrations. 
Levels of TNF-α were explored in two studies,[24,43] out of 
which, one study[24] reported lower levels of TNF-α in the GCF 
of patients treated with aPDT compared to SRP alone and one 
study[43] reported no significant difference. Two studies[36,57] 

reported significantly lower MMP-8 levels in GCF adjunct 
aPDT groups compared to SRP while another study[24] identified 
comparable MMP-8 and MMP-9 levels. Similarly, another study 
identified similar IL-10 concentration in GCF and gingival tissue 
among patients receiving SRP or SRP with adjunctive aPDT up to 
12 weeks follow-up.[43] One study reported lower TGF-β1 levels 
after aPDT adjunct to SRP compared to SRP alone.[17]

aPDT when used as an adjunct to surgical periodontal 
treatment, there were more remarkable reductions than those 
observed in studies in which used non-surgical techniques.[26] 
A possible explanation for the large reductions is that surgical 
debridement itself contributes to reducing PD, moreover, 
surgical access can enhance the penetration of photosensitizing 
agents into epithelial and connective tissues, thus eliminating 
periodontopathogens found therein.[35] Furthermore, there 
could be a bio modulatory effect triggered by low-power laser 
on local cells during tissue healing, improving tissue repair, 
and reducing periodontal inflammation.

The above reported findings in the studies showed significant 
heterogeneity, possibly due to heterogeneous demographic 
factors, such as severity of chronic/AgP, as the initial PD varied 
widely, sample size, inclusion of smokers or not, and different 
follow-up procedures.[15,34] Differences in aPDT protocols, such 
as number of cycles of aPDT, laser settings, and the PS applied 
(type, concentration, and incubation time) may contribute 
further to heterogeneity, and moreover, in some studies, aPDT 
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protocols were not even reported. Fiber thickness influences 
the energy output and power density during aPDT and can 
alter the definite measure of energy discharged during the 
procedure, possibly affecting the antimicrobial efficiency of 
PDT. Furthermore, the frequency of aPDT application varied 
from four applications to just one which could have influenced 
the overall efficacy of aPDT in the studies. In majority of 
studies, aPDT was applied without a time lag after mechanical 
instrumentation, however, few studies reported aPDT that is 
after 24 h or 1 week.[15]

Frequency of oral hygiene instructions and/or professional 
prophylaxis also varied ranging from 1, 3, to 6 months in few 
studies[29] and in weekly to monthly intervals in one study.[41]

Furthermore, the presence of confounding factors has not 
been explained in many of the studies, one, for example, of 
the confounders was the number of a PDT cycles, which was 
only considered in two studies with more than 1 treatment 
arms, both showed that repeated aPDT applications did not 
result in further clinical improvement.[53] Another confounder 
was the use of indocyanine as PS, in some studies, because 
its antimicrobial effects are based on photothermal destruction 
of bacterial membranes rather than ROS induction.[15] Some 
studies also evaluated carry-across effect by leakage of PS in 
split-mouth studies, though some differences in effect size and 
heterogeneity between studies were found but these differences 
disappeared after removing outliers, therefore, a carry-across 
effect seems unlikely.

Although there is a variability of data available in the literature, 
almost all of them have pointed out advantages of PDT in 
periodontal therapy such as

Few advantages of PDT in periodontal therapy
•	 Relatively short treatment time
•	 Minimally invasive technique with least collateral 

damage to normal cells enhances results and superior 
healing

•	 No need for anesthesia
•	 Precise direction of laser light using optical fiber
•	 No total dose limitations thus repetitions can be done
•	 Exceedingly efficient broad spectrum of action
•	 Effectiveness not dependent on the antibiotic resistance 

of the microbial strain
•	 Repetitive application does not cause resistance.
•	 Eradication of pathogens in non-accessible spaces of 

periodontal pockets
•	 The treatment also does not produce any adversarial 

effects such as sloughing, ulcers, or charring of tissues
•	 No thermal damage to the root surface and gingival 

tissues
•	 In supplement to the bactericidal effect, aPDT stimulates 

the photobiological influence such as improved wound 
healing, anti-inf lammatory, and also pain-relieving 
efficiency.

•	 The oral cavity is particularly apt for PDT since it is quite 
easily reachable to illumination.[7,10,11,15,16,18]

Drawbacks of PDT
•	 Most of the PS dyes firmly adhere to the soft-tissue 

surface of the periodontal pocket, even when applied for 
a short time period, may be temporarily unesthetic for 
patients

•	 Cannot be used in individuals sensitive to porphyrins
•	 Lack of precise dosimetry.[15-18]

Future developments
Lately, to enhance PS uptake by microorganisms using the 
PDT approach, these molecules have been encapsulated, laden, 
or linked in variety of drug delivery systems in nano-  and 
micro-particles forms to increase the to increase the antibiofilm 
effectiveness.[58,59]

Dent ine ,  dent inal  matr ix ,  pulp t issue,  bacter ia l 
lipopolysaccharides, and bovine serum albumin were found to 
significantly decrease PDT antimicrobial efficacy.[60] Additional 
efforts comprise the use of photo-activated functionalized 
chitosan nanoparticles or a PS solvent efflux pump inhibitor[60] 
for stabilization and disinfection of the dentine matrix.[61]

Conclusion

A variability of data on PDT exists in literature, however, 
almost all of them have pointed out few advantages of PDT in 
periodontal therapy such as relatively short treatment time, no 
need for anesthesia, selective uptake of PSs, precise direction 
of laser light using optical fibers, no antimicrobial resistance, 
and no total dose limitations.

The need of the hour is to develop a standardized protocol 
to assess a PDT and compare the existing studies in terms 
of concentrations of dyes, resident time of PSs, energy, 
application time, modes of irradiation, power settings, and 
laser types. Further clinical trials with proper PDT protocol, 
large sample size, and standardized clinical, biochemical, and 
microbiological assessment may be undertaken, to determine 
the efficacy of adjunctive effect of PDT with SRP.

References
1.	 Page RC, Offenbacher S, Schroeder HE, Seymour GJ, Kornman  KS. 

Advances in the pathogenesis of periodontitis: Summary of 
developments, clinical implications and future directions. Periodontol 
2000 1997;14:216-48.

2.	 Haffajee AD, Socransky SS. Microbial etiological agents of destructive 
periodontal diseases. Periodontol 2000 1994;5:78-111.

3.	 Graziani F, Karapetsa D, Alonso B, Herrera D. Nonsurgical and 
surgical treatment of periodontitis: How many options for one disease? 
Periodontology 2000 2017;75:152-88.

4.	 Haffajee AD, Socransky SS, Gunsolley JC. Systemic anti-infective 
periodontal therapy. A  systematic review. Ann Periodontol 
2003;8:115-81.

5.	 Heitz-Mayfield LJ. Systemic antibiotics in periodontal therapy. Aust 
Dent J 2009;54 Suppl 1:S96-101.

6.	 Homayun B, Lin X, Choi HJ. Challenges and recent progress in oral drug 
delivery systems for biopharmaceuticals. Pharmaceutics 2019;11:129.

7.	 Kumar V, Sinha J, Verma N, Nayan K, Saimbi CS, Tripathi AK. 
Scope of photodynamic therapy in periodontics. Indian J Dent Res 
2015;26:439-42.

8.	 Soukos NS, Goodson JM. Photodynamic therapy in the control of oral 

Journal of Research and Advancement in Dentistry  ¦  Volume 13  ¦  Issue 1  ¦  Jan-Feb 2022 47



Sharma D, et al.: Antimicrobial photodynamic therapy in periodontology

biofilms. Periodontol 2000 2011;55:143-66.
9.	 von Tappeiner H, Jesionek A. Therapeutic experiments with fluorescent 

substances. Miinch Med Wochenschr 1903;47:2042.
10.	 Rajesh S, Koshi E, Philip K, Mohan A. Antimicrobial photodynamic 

therapy: An overview. J Indian Soc Periodontol 2011;15:323-7.
11.	 Raghavendra M, Koregol A, Bhola S. Photodynamic therapy: A targeted 

therapy in periodontics. Aust Dent J 2009;54 Suppl 1:S102-9.
12.	 Castanoa AP, Demidovaa TN, Hamblin MR. Mechanisms in 

photodynamic therapy: Part one-photosensitizers, photochemistry and 
cellular localization. Photodiagnosis Photodyn Ther 2004;1:279-93.

13.	 Fontana CR, Abernethy AD, Som S, Ruggiero K, Doucette S, 
Marcantonio RC, et al. The antibacterial effect of photodynamic therapy 
in dental plaque-derived biofilms. J Periodontal Res 2009;44:751-9.

14.	 Hill G, Dehn C, Hinze AV, Frentzen M, Meister J. Indocyanine green-
based adjunctive antimicrobial photodynamic therapy for treating 
chronic periodontitis: A  randomized clinical trial. Photodiagnosis 
Photodyn Ther 2019;26:29-35.

15.	 Sgolastra F, Petrucci A, Severino M, Graziani F, Gatto R, Monaco A. 
Adjunctive photodynamic therapy to non-surgical treatment of chronic 
periodontitis: A systematic review and meta-analysis. J Clin Periodontol 
2013;40:514-26.

16.	 Peron D, Bergamo A, Prates R, Vieira SS, de Tarso Camillo de 
Carvalho P, Serra AJ. Photodynamic antimicrobial chemotherapy has 
an overt killing effect on periodontal pathogens? A systematic review of 
experimental studies. Lasers Med Sci 2019;34:1527-34.

17.	 de Souza EB, Simionato MR, Lage-Marques JL, Antoniazzi JH. Effect 
of photodynamic therapy with different formulations of methylene blue 
in teeth contaminated by Enterococcus faecalis. J Phys Chem Biophys 
2013;3:124.

18.	 Meimandi M, Ardakani MR, Nejad AE, Yousefnejad P, Saebi K, 
Tayeed  MH. The effect of photodynamic therapy in the treatment 
of chronic periodontitis: A  review of literature. J  Lasers Med Sci 
2017;8 Suppl 1:S7-11.

19.	 Pfitzner A, Sigusch BW, Albrecht V, Glockmann E. Killing of 
periodonto pathogenic bacteria by photodynamic therapy. J Periodontol 
2004;75:1343-9.

20.	 Wood S, Metcalf D, Devine D, Robinson C. Erythrosine is a potential 
photosensitizer for the photodynamic therapy of oral plaque biofilms. 
J Antimicrob Chemother 2006;57:680-4.

21.	 Nagahara A, Mitani A, Fukuda M, Yamamoto H, Tahara K, Morita I, 
et al. Antimicrobial photodynamic therapy using a diode laser with a 
potential new photosensitizer, indocyanine green-loaded nanospheres, 
may be effective for the clearance of Porphyromonas gingivalis. 
J Periodontal Res 2013;48:591-9.

22.	 de Almeida JM, Theodoro LH, Bosco AF, Nagata MJ, Oshiiwa M, 
Garcia VG. Influence of photodynamic therapy on the development of 
ligature-induced periodontitis in rats. J Periodontol 2007;78:566-75.

23.	 Bassir SH, Moslemi N, Jamali R, Mashmouly S, Fekrazad R, 
Chiniforush N, et al. Photoactivated disinfection using light-emitting 
diode as an adjunct in the management of chronic periodontitis: A pilot 
double-blind split-mouth randomized clinical trial. J Clin Periodontol 
2013;40:65-72.

24.	 Pourabbas R, Kashefimehr A, Rahmanpour N, Babaloo Z, Kishen A, 
Tenenbaum HC, et al. Effects of photodynamic therapy on clinical 
and gingival crevicular fluid inflammatory biomarkers in chronic 
periodontitis: A  split‐mouth randomized clinical trial. J  Periodontol 
2014;85:1222-9.

25.	 Yilmaz S, Kuru B, Kuru L, Noyan U, Argun D, Kadir T. Effect of gallium 
arsenide diode laser on human periodontal disease: A microbiological 
and clinical study. Lasers Surg Med 2002;30:60-6.

26.	 Christodoulides N, Nikolidakis D, Chondros P, Becker J, Schwarz  F, 
Rössler R, et al. Photodynamic therapy as an adjunct to non-surgical 
periodontal treatment: A  randomized, controlled clinical trial. 
J Periodontol 2008;79:1638-44.

27.	 de Oliveira RR, Schwartz-Filho HO, Novaes AB, Garlet GP, de Souza RF, 
Taba M, et al. Antimicrobial photodynamic therapy in the non-surgical 
treatment of aggressive periodontitis: Cytokine profile in gingival 
crevicular fluid, preliminary results. J Periodontol 2009;80:98-105.

28.	 Giannopoulou C, Cappuyns I, Cancela J, Cionca N, Mombelli A. Effect 
of photodynamic therapy, diode laser, and deep scaling on cytokine 

and acute-phase protein levels in gingival crevicular fluid of residual 
periodontal pockets. J Periodontol 2012;83:1018-27.

29.	 Dilsiz A, Canakci V, Aydin T. Clinical effects of potassium-titanyl-
phosphate laser and photodynamic therapy on outcomes of treatment 
of chronic periodontitis: A  randomized controlled clinical trial. 
J Periodontol 2013;84:278-86.

30.	 Balata ML, Andrade LP, Santos DB, Cavalcanti AN, Tunes UD, 
Ribeiro ED, et al. Photodynamic therapy associated with full-mouth 
ultrasonic debridement in the treatment of severe chronic periodontitis: 
A randomized-controlled clinical trial. J Appl Oral Sci 2013;21:208-14.

31.	 Luchesi VH, Pimentel SP, Kolbe MF, Ribeiro FV, Casarin RC, 
Nociti FH Jr., et al. Photodynamic therapy in the treatment of Class II 
furcation: A  randomized controlled clinical trial. J  Clin Periodontol 
2013;40:781-8.

32.	 Carvalho VF, Andrade PV, Rodrigues MF, Hirata MH, Hirata RD, 
Pannuti CM, et al. Antimicrobial photodynamic effect to treat residual 
pockets in periodontal patients: A randomized controlled clinical trial. 
J Clin Periodontol 2015;42:440-7.

33.	 Segarra-Vidal M, Guerra-Ojeda S, Vallés LS, López-Roldán A, 
Mauricio MD, Aldasoro M, et al. Effects of photodynamic therapy in 
periodontal treatment: A  randomized, controlled clinical trial. J  Clin 
Periodontol 2017;44:915-25.

34.	 Al Ahmari F, Ahmed HB, Al-Kheraif AA, Javed F, Akram Z. Effectiveness 
of scaling and root planning with and without adjunct antimicrobial 
photodynamic therapy in the treatment of chronic periodontitis among 
cigarette-smokers and never-smokers: A randomized controlled clinical 
trial. Photodiagnosis Photodyn Ther 2019;25:247-52.

35.	 Katsikanis F, Strakas D, Vouros I. The application of antimicrobial 
photodynamic therapy (aPDT, 670  nm) and diode laser (940  nm) as 
adjunctive approach in the conventional cause-related treatment of 
chronic periodontal disease: A  randomized controlled split-mouth 
clinical trial. Clin Oral Investig 2020;24:1821-7.

36.	 Ge LH, Shu R, Shen MH. Effect of photodynamic therapy on IL-
1beta and MMP-8 in gingival crevicular fluid of chronic periodontitis. 
Shanghai Kou Qiang Yi Xue 2008;17:10-4.

37.	 Braun A, Dehn C, Krause F, Jepsen S. Short-term clinical effects of 
adjunctive antimicrobial photodynamic therapy in periodontal treatment: 
A randomized clinical trial. J Clin Periodontol 2008;35:877-84.

38.	 Lui J, Corbet EF, Jin L. Combined photodynamic and low-level laser 
therapies as an adjunct to nonsurgical treatment of chronic periodontitis. 
J Periodontal Res 2011;46:89-96.

39.	 Cappuyns I, Cionca N, Wick P, Giannopoulou C, Mombelli A. Treatment 
of residual pockets with photodynamic therapy, diode laser, or deep 
scaling. A randomized, split-mouth controlled clinical trial. Lasers Med 
Sci 2012;27:979-86.

40.	 Giannelli M, Formigli L, Lorenzini L, Bani D. Combined photoablative 
and photodynamic diode laser therapy as an adjunct to non‐surgical 
periodontal treatment. A  randomized split‐mouth clinical trial. J  Clin 
Periodontol 2012;39:962-70.

41.	 Berakdar M, Callaway A, Eddin MF, Ross A, Willershausen  B. 
Comparison between scaling-root-planing (SRP) and SRP/
photodynamic therapy: Six-month study. Head Face Med 2012;8:1-6.

42.	 Campanile VS, Giannopoulou C, Campanile G, Cancela JA, 
Mombelli A. Single or repeated antimicrobial photodynamic therapy 
as adjunct to ultrasonic debridement in residual periodontal pockets: 
Clinical, microbiological, and local biological effects. Lasers Med Sci 
2015;30:27-34.

43.	 Moreira AL, Novaes AB Jr., Grisi MF, Taba M Jr., Souza SL, Palioto DB, 
et al. Antimicrobial photodynamic therapy as an adjunct to non‐surgical 
treatment of aggressive periodontitis: A  split‐mouth randomized 
controlled trial. J Periodontol 2015;86:376-86.

44.	 George S, Kishen A. Influence of photosensitizer solvent on the 
mechanisms of photoactivated killing of Enterococcus faecalis. 
Photochem Photobiol 2008;84:734-40.

45.	 Habashneh AR, Asa’ad FA, Khader Y. Photodynamic therapy in 
periodontal and peri-implant diseases. Quintessence Int 2015;46:677-90.

46.	 Ghanem A, Pasumarthy S, Ranna V, Kellesarian SV, Abduljabbar T, 
Vohra F, et al. Is mechanical curettage with adjunct photodynamic therapy 
more effective in the treatment of peri-implantitis than mechanical 
curettage alone? Photodiagnosis Photodyn Ther 2016;15:191-6.

Journal of Research and Advancement in Dentistry  ¦  Volume 13  ¦  Issue 1  ¦  Jan-Feb 202248



Sharma D, et al.: Antimicrobial photodynamic therapy in periodontology

47.	 Betsy J, Prasanth CS, Baiju KV, Prasanthila J, Subhash N. Efficacy 
of antimicrobial photodynamic therapy in the management of chronic 
periodontitis: A randomized controlled clinical trial. J Clin Periodontol 
2014;41:573-81.

48.	 Hayek RR, Araújo NS, Gioso MA, Ferreira J, Baptista-Sobrinho CA, 
Yamada AM, et al. Comparative study between the effects of 
photodynamic therapy and conventional therapy on microbial 
reduction in ligature-induced peri-implantitis in dogs. J  Periodontol 
2005;76:1275-81.

49.	 Braham P, Herron C, Street C, Darveau R. Antimicrobial photodynamic 
therapy may promote periodontal healing through multiple mechanisms. 
J Periodontol 2009;80:1790-8.

50.	 Qin YL, Luan XL, Bi LJ, Sheng YQ, Zhou CN, Zhang ZG. Comparison of 
toluidine blue-mediated photodynamic therapy and conventional scaling 
treatment for periodontitis in rats. J Periodontal Res 2008;43:162-7.

51.	 Polansky R, Haas M, Heschl A, Wimmer G. Clinical effectiveness 
of photodynamic therapy in the treatment of periodontitis. J  Clin 
Periodontol 2009;36:575-80.

52.	 Hokari T, Morozumi T, Komatsu Y, Shimizu T, Yoshino T, Tanaka M, et al. 
Effects of antimicrobial photodynamic therapy and local administration 
of minocycline on clinical, microbiological, and inflammatory markers 
of periodontal pockets: A pilot study. Int J Dent 2018;2018:1748584.

53.	 Sigusch BW, Engelbrecht M, Völpel A, Holletschke A, Pfister  W, 
Schütze  J. Full-mouth antimicrobial photodynamic therapy in 
Fusobacterium nucleatum-infected periodontitis patients. J Periodontol 
2010;81:975-81.

54.	 Arweiler NB, Pietruska M, Pietruski J, Skurska A, Dolińska E, 
Heumann C, et al. Six-month results following treatment of aggressive 

periodontitis with antimicrobial photodynamic therapy or amoxicillin 
and metronidazole. Clin Oral Investig 2014;18:2129-35.

55.	 Schär D, Ramseier CA, Eick S, Arweiler NB, Sculean A, Salvi GE. 
Anti-infective therapy of peri-implantitis with adjunctive local drug 
delivery or photodynamic therapy: Six-month outcomes of a prospective 
randomized clinical trial. Clin Oral Implants Res 2013;24:104-10.

56.	 Kolbe MF, Ribeiro FV, Luchesi VH, Casarin RC, Sallum EA, 
Nociti  FH  Jr., et al. Photodynamic therapy during supportive 
periodontal care: Clinical, microbiologic, immunoinflammatory, and 
patient‐centered performance in a split‐mouth randomized clinical trial. 
J Periodontol 2014;85:e277-86.

57.	 Queiroz AC, Suaid FA, de Andrade PF, Oliveira FS, Novaes AB, 
Taba M, et al. Adjunctive effect of antimicrobial photodynamic therapy 
to nonsurgical periodontal treatment in smokers: A randomized clinical 
trial. Lasers Med Sci 2015;30:617-25.

58.	 Ding Y, Zhou L, Chen X, Wu Q, Song Z, Wei S, et al. Mutual 
sensitization mechanism and self-degradation property of drug delivery 
system for in vitro photodynamic therapy. Int J Pharm 2016;498:335-46.

59.	 Junqueira MV, Borghi-Pangoni FB, Ferreira SB, Rabello BR, Hioka N, 
Bruschi ML. Functional polymeric systems as delivery vehicles for 
methylene blue in photodynamic therapy. Langmuir 2016;32:19-27.

60.	 Andersen R, Loebel N, Hammond D, Wilson M. Treatment of 
periodontal disease by photodisinfection compared to scaling and root 
planing. J Clin Dent 2007;18:34-8.

61.	 Campos GN, Pimentel SP, Ribeiro FV, Casarin RC, Cirano FR, 
Saraceni CH, et al. The adjunctive effect of photodynamic therapy for 
residual pockets in single-rooted teeth: A randomized controlled clinical 
trial. Lasers Med Sci 2013;28:317-24..

Journal of Research and Advancement in Dentistry  ¦  Volume 13  ¦  Issue 1  ¦  Jan-Feb 2022 49


