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Abstract
Introduction: The aim of this article was to evaluate reports in the scientific literature that used 
antimicrobial photodynamic therapy (aPDT) with a blue light source and curcumin and riboflavin as 
photosensitizers in the management of periodontitis. 
Methods: The search was conducted in electronic databases, including PubMed, Web of Science, 
and Scopus, with the keywords “photodynamic therapy”, “antimicrobial photodynamic therapy”, 
“laser activated disinfection”, “photoactivated disinfection”, “light activated disinfection” “LED”, 
“Periodontitis”, “Curcumin”, “Riboflavin”, and “periodontitis” from 2012 to 2020. 
Results: After evaluating a total of 24 relevant articles, 13 articles were selected, full texts were read, 
and the data were extracted and placed in a table. 
Conclusion: Reviewing articles showed that curcumin as a photosensitizer activated by a blue 
wavelength is effective in the elimination of the various bacterial species involved in periodontal 
disease, and to the best of our knowledge, there is no study that has shown this substance does not 
reduce bacteria. According to the result of the articles, riboflavin as a photosensitizer activated by 
blue light can reduce bacteria that are involved in periodontitis, but other studies have reported 
that blue light alone can also reduce bacteria significantly. Therefore, more in-vitro and clinical 
trial studies are needed to give a more conclusive opinion on the effectiveness of riboflavin as a 
photosensitizer in the treatment of periodontitis.
Keywords: Curcumin; Riboflavin; Antimicrobial photodynamic therapy; Periodontitis; LED.

*Correspondence to
Nasim Chiniforush, 
DDS, PhD; Assistant Professor, 
Dental Implant Research Center, 
Dentistry Research Institute, 
Tehran University of Medical 
Sciences, Tehran, Iran.
Tel/ Fax: +98 21 83384130; 
Email: n-chiniforush@sina.tums.
ac.ir

Published online April 21, 2021

 Journal of

Lasers
in Medical Sciences

J Lasers Med Sci 2021 Autumn;12:e15

http://journals.sbmu.ac.ir/jlms

Introduction
Periodontitis is an inflammatory condition affecting the 
periodontal tissue, predominantly induced by bacteria 
placed in the plaque biofilm. Pocket forming in the gum 
tissue, loss of attachment, bone destruction, and finally 
possible tooth loss at the end of the infection process are 
indicators of pathology and progress in the disease process. 
Periodontitis as the second most prevalent oral disease 
in the world affects 30%–50% of adults.1,2 The initial 
goal of conventional nonsurgical periodontal therapy is 
to control microbial periodontal infection by removing 
bacterial deposits in the supragingival and subgingival 
biofilm and calculus, through mechanical treatments such 
as scaling and root planing (SRP) which is considered as a 
“gold standard” method.3  Complete removal of bacterial 
deposits and their toxins within the periodontal pockets 
and from the root surfaces such as furcations, concavities 
and grooves is not necessarily achieved with conventional 

mechanical techniques.4  Another option for decreasing 
bacteria in the management of periodontitis is through 
chemical agents such as chlorhexidine. Chemical plaque 
control can enhance the efficacy of mechanical plaque 
control.4

One of the available non-invasive methods for reducing 
microorganisms located in areas inaccessible to SRP is 
antimicrobial photodynamic therapy (aPDT).5 aPDT 
is based on three basic components including coloring 
dye (photosensitizer), light source and oxygen. The 
mechanism of aPDT is related to generating cytotoxic 
products such as reactive oxygen species (ROS) which are 
harmful to bacteria through induced damage to DNA and 
cell membranes. Rapidness, non-invasiveness and simple 
manipulation procedures are the main characteristics of 
this approach, besides offering good results at low costs.6 

Photosensitizers are usually chemical compounds 
that can be activated by various wavelengths of light in 

http://crossmark.crossref.org/dialog/?doi=10.34172/jlms.2021.15&domain=pdf&date_stamp=2021-04-21
https://doi.org/10.34172/jlms.2021.15
https://orcid.org/0000-0001-7892-7461
https://orcid.org/0000-0002-8977-0049
https://orcid.org/0000-0003-2317-8381
https://orcid.org/0000-0002-3490-170X
http://journals.sbmu.ac.ir/jlms


Etemadi et al

 Journal of Lasers in Medical Sciences  Volume 12, 20212

order to produce ROS that can damage microorganisms 
and cancer cells. Recently, such new photosensitizers as 
curcumin, hypericin and riboflavin that are categorized in 
a natural compound have been introduced.7 

Curcumin is a bright yellow chemical obtained 
from Curcuma longa plants. Curcumin has a wide 
range of advantageous characteristics, including anti-
inflammatory, antioxidant, chemopreventive and 
chemotherapeutic activity. Curcumin can also be used as 
a photosensitizer for the management of contaminations 
in the mouth or on the skin. It has antimicrobial 
characteristic and  due to its ability to absorb blue light and 
the production  of ROS, it can be used in photodynamic 
therapy.8,9  This photosensitizer is activated within a range 
of blue wavelengths, including but mostly with peak 
absorption of 430 nm.

Riboflavin, also known as vitamin B₂, is a vitamin 
naturally present in some food products and used 
as a dietary supplement. Riboflavin is an efficient 
biocompatible photosensitizer inducing oxidative damage 
when irradiated with blue light even with the LED lamps 
used for curing composite restorative materials.10 

Light sources in aPDT include light-emitting diode 
(LED) (blue or red light) and lasers. The correct choice 
of a light source depends on the matched absorption 
wavelength for the specific photosensitizer material used 
and the target tissue. Different light sources are used in 
the aPDT system. Laser photonic delivery is coherent 
and of monochromatic (single) wavelength, but lamps 
differ through light incoherence and typically deliver a 
bandwidth of wavelengths.11 

To our knowledge, there is no systematic review 
evaluating the curcumin and riboflavin as photosensitizers 
activated by blue wavelengths. In addition, the light 
wavelength, power and energy density and concentration 
of photosensitizers were heterogeneous. Therefore, the 
purpose of this article was to review the efficiency of aPDT 
with a blue light source and curcumin and riboflavin as 
photosensitizers in the management of periodontitis.

Methods
Study Design 
This systematic review is written according to the 
guidelines in PRISMA.

Focused Research Question
Is the use of curcumin and riboflavin as photosensitizers 
activated by blue wavelengths in aPDT useful in the 
removal of the various bacterial species involved in 
periodontal disease? 

Search Strategy 
The search strategy was done based on PICO:

Population: patients with periodontitis/periopathogen 
bacteria 

Intervention: photodynamic therapy with curcumin 

and riboflavin
Comparison: Control groups receiving another therapy
Outcome: Bacterial reduction  
We searched the PubMed, Scopus and Web of Science 

database engines between January 2012 and September 
2020, using the following keywords: “photodynamic 
therapy”, “antimicrobial photodynamic therapy”, “laser 
activated disinfection”, “light activated disinfection”, 
“photo activated disinfection”, “LED”, “periodontitis”, 
“curcumin”, and “riboflavin”.

Eligibility Criteria 
Studies that utilized various wavelengths between 420 to 
480 nm of the blue LED were chosen. Studies that used 
curcumin and riboflavin as photosensitizers with various 
concentrations were included. Also, studies examining the 
influence of aPDT by various wavelengths on the counts 
of gram-positive and gram-negative bacteria involved in 
periodontal diseases were included. In vitro, ex vivo and in 
vivo studies, published from January 2012 to September 
2020 and reached from the full text of the articles, were 
included. We chose only clinical studies that evaluated 
the changes in bacterial counts and excluded studies that 
evaluated clinical parameters such as bleeding on probing 
and clinical attachment loss. Furthermore, we did not 
include literature and narrative reviews, case report, case 
series, short communications and letters to editors.

Study Selection 
Two authors (NCH and MH) independently assessed the 
selected studies, which were extracted from the database 
search. In the first phase, the titles and abstracts, and 
in the second phase, the full texts of manuscripts were 
assessed. In case of any disagreements between the two 
authors, a third author (AE) gave his comments.

Data Extraction
Two authors (NCH and MH) extracted the data 
independently. In case of any disagreements, the third 
author (AE) was involved. Firstly, 258 articles were 
found through searching the database. Then the titles 
and abstracts of the articles were read and 36 articles 
were selected. The full text of these articles was studied 
by following the inclusion criteria, where the total of 
extracted articles was restricted to 13. The articles were 
assessed and the data including first author, year, type 
of study, photosensitizer, and light source characteristics 
were extracted (see Tables 1 and 2). 

Results
After evaluating a total of 24 relevant articles, 13 articles 
were selected, including 3 in vivo and 10 in vitro studies. 
The selection process is shown in Figure 1.

Discussion
The application of conventional non-surgical periodontal 
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treatments such as SRP is limited due to subgingival tooth 
surface morphology, challenging access to furcation and 
concavities.22  In addition to mechanical therapy, adjuvant 
treatments like systemic or local antibiotic therapy 
have been suggested, but due to creating side effects 
and bacterial resistance when repeatedly applied, new 
strategies are needed. The use of aPDT has therefore been 
suggested.4

Antimicrobial photodynamic therapy involves a 
photosensitizing chemical substance which produces 
a form of oxygen killing nearby microorganisms when 
it is light-activated. Photosensitizers are activated by 
a specific wavelength of the light source.23  Common 
photosensitizers used in aPDT include methylene blue, 
toluidine blue O, and indocyanine green, and recently, 
curcumin and riboflavin have been introduced as a new 
class of photosensitizers for aPDT. 

Curcumin is a hydrophobic photosensitizer that is 
soluble in dimethyl sulfoxide (DMSO), acetone, ethanol, 
and oils.17 The mechanism of curcumin-related damage to 
the bacterial membrane in both gram-negative and gram-
positive bacteria has been reported, and it is indicated that 
curcumin binds to lipid membrane and bacterial proteins 
and it has shown great potential as a photosensitizer 
because it is able to absorb blue light and produces ROS.9 

Riboflavin (vitamin B2) is an efficient photosensitizer 
inducing oxidative damage when activated with visible 
light, especially blue light and LED lamps used for curing 
dental composite. It cannot produce tooth discoloration 
as severely as TBO due to its bright yellow color, which 
may be considered an advantage in esthetic regions.22

One of the important criteria in the success rate 
of periodontal treatment with aPDT is the species of 
bacteria. Research has been done on different types of 
bacteria involved in periodontal disease. Other criteria 
that contribute to the success of the treatment are the 
concentration of the photosensitizer substance and 
wavelength and duration of the light source used in 
photoactivating the photosensitizer. 

Pourhajibagher et al evaluated the in vitro inhibitory 
effects of antimicrobial PDT with curcumin against 
Aggregatibacter actinomycetemcomitans bacteria 
and reported that aPDT with curcumin resulted in a 
significant reduction in bacteria. The result of their study 
showed that curcumin at concentrations above 5 µmol/
mL or 1.2 µmol/mL of curcumin plus four minutes of 
irradiation time with LED at the wavelength of 450 nm 
can significantly reduce the A. actinomycetemcomitans 
CFUs/mL.17 Araujo et al. assessed the efficacy of curcumin 
activated by the LED device in the bacteria presented 

Figure 1. PRISMA flow diagram of studies selected through the search
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in saliva samples of 13 adult volunteers and stated a 
significant reduction of microorganisms.12 Saitawee et 
al evaluated the photodynamic therapy of curcumin 
stimulated with blue light LED at a wavelength of 420-480 
nm against A. actinomycetemcomitans and reported that 
the bactericidal efficacy of aPDT was dose-dependent. 
The concentration of curcumin at 0.78 µg/mL showed a 
significant reduction in the bacterial count.18

Bärenfaller et al21 and Nielsen et al10 compared the effect 
of riboflavin and toluidine blue o as photosensitizers 
against several species of microorganisms including A. 
actinomycetemcomitans, Porphyromonas gingivalis and 
Prevotella intermedia that are related to the  initiation 
and progression of periodontitis and reported that 
riboflavin can eliminate some microorganism species, but 
TBO has higher antimicrobial activity. According to the 
result of Nielsen and colleagues’ study, P. gingivalis and 
P. intermedia were eliminated by aPDT with a blue light 
source and riboflavin as a photosensitizer and also by 
blue light treatment alone. Therefore, more in vitro and 
clinical trial studies are needed to give a more conclusive 
opinion on the usefulness and effectiveness of riboflavin 
as a photosensitizer in the treatment of periodontitis.

Sreedhar et al,14 in a split-mouth clinical study, compared 
the effect of curcumin alone or accompanied by photo-
activation as an adjunct treatment to scaling and root 
planning in the management of chronic periodontitis; 
the study reported that curcumin as a local sub-gingival 
drug could reduce periodontal pathogens such as A. 
actinomycetemcomitans , P. gingivalis, and P. intermedia 
significantly and further irradiation with blue light at 
470 nm increased the antimicrobial effect of curcumin. 
In the Araujo and colleagues’ study which evaluated the 
sensitivity of pathogens of salivary flora to curcumin 
activated by blue light at the wavelength of 450 nm in 
a clinical trial study, curcumin alone did not produce 
a potent reduction of microorganisms while photo-
activated curcumin produced a statistically significant 
reduction.12

There are more articles on methylene blue which is 
one of the most commonly used photosensitizers with 
contradictory results due to different concentrations of 
dye, different wavelengths of the light source for activation 
and the treatment protocols24-27; the review articles 
showed that curcumin as a photosensitizer activated by 
a blue wavelength is effective in the elimination of the 
various bacterial species involved in the periodontal 
disease and to the best of our knowledge, there is no study 
showing that this substance as a photosensitizer does not 
reduce bacteria. However, clinical and laboratory results 
are contradictory as to whether or not curcumin alone as 
a local drug has an antibacterial effect.

The safety and efficacy of curcumin have been evaluated 
by clinical trials in humans. Investigations in this field have 
mainly focused on the anticancer properties of curcumin 
and its association with light, and its non-toxicity has 

been reported.28-30  Riboflavin is highly biocompatible 
and research shows that riboflavin is safe in specific doses 
and is characterized as ‘generally recognized as safe’ by 
the Food and Drug Administration (FDA). Therefore, 
we recommend more investigations with these two 
substances as photosensitizers to evaluate their clinical 
effects on periodontitis in clinical situations.10,31 

Conclusion
Curcumin and riboflavin as photosensitizers activated 
by blue light in the aPDT procedure have the potential 
for reducing the bacterial count in periodontal infection.  
More clinical studies are needed to find the best protocol 
including suitable concentration of Curcumin or 
riboflavin accompanied by appropriate laser parameters.
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