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A B S T R A C T

Background: The aim of the present study was to comprehensively review indexed literature regarding the po-
tential role of antimicrobial photodynamic therapy (aPDT) in Orthodontics.
Methods: Indexed databases were searched up to and including January 2019 using the following key words: (a)
antimicrobial photodynamic therapy; (b) antimicrobial photodynamic chemotherapy; (c) orthodontic; and (d)
orthodontics. Original (clinical and experimental) studies, case-reports, and case-series were included. Letters to
the Editor, commentaries and review articles were excluded.
Results: Out of the 29 studies identified in the initial search, 4 studies were processed for data extraction. Three
studies were randomized clinical trials performed in humans and 1 study was experimental. Results from 2
studies showed that aPDT is effective in the treatment of gingival inflammation in patients undergoing ortho-
dontic therapy (OT). One study showed that oral decontamination can be successfully performed using aPDT
among patients undergoing OT. Results of the experimental study showed that aPDT helps in surface deconta-
mination of orthodontic instruments.
Conclusion: There is insufficient evidence in indexed literature to justify the potential role of aPDT in OT. Hence,
further studies are required in this regard.

1. Introduction

Antimicrobial photodynamic therapy (aPDT) is a modern ther-
apeutic strategy that involves interactions between a light source and a
photosensitive dye (photosensitizer) in an aerobic domain. The photo-
sensitizer [such as toluidine blue and methylene blue (MB)] is usually
injected into the region of interest and then exposed to light of wave-
length ranging between 630 and 700 nm. The resultant interaction
produces reactive oxygen species (ROS) that damage the target cells
(such as cancer cells) and exhibit an antimicrobial activity against
broad-range of pathogenic microbes [1–3]. Studies [4–8] have shown
that aPDT is a potential treatment strategy in the management of
medical conditions such as cancers of the skin, breast and the colon,
osteomyelitis and gastric infections. Moreover, aPDT has been used as
an adjunct therapy in the management of oral inflammatory conditions

such as periodontitis and peri-implant diseases [9–12]. Furthermore,
aPDT has also been used for the treatment of denture stomatitis and
disinfection of implant and acrylic-based denture surfaces [13–16].

Orthodontics is a specialty in dentistry that broadly involves the
science and treatment of malocclusions of dental and skeletal origin.
Brackets, wires, elastics and Stainless-Steel bands are often used in
clinical orthodontic practice to rearrange teeth and improve the facial
profile. Studies [17,18] have shown that periodontal or gingival in-
flammation (GI) is often manifested in patients with poor oral hygiene
maintenance undergoing orthodontic treatment (OT). However,
achievement of patient compliance towards regular oral hygiene
maintenance is often challenging during OT [15,16]. In a recent clinical
study, Gómez et al. [19] assessed the efficacy of aPDT for the preven-
tion of GI in patients undergoing OT. The results showed that aPDT
helps delay GI and formation of white spot lesions (that occur due to
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enamel demineralization) in young patients undergoing fixed OT
[19,20]. Moreover, aPDT has been shown to be an effective strategy for
the decontamination of orthodontic instruments from microbes such as
Escherichia coli (E. coli), Staphylococcus aureus (S. aureus) and Strepto-
coccus mutans (S. mutans) [21]. Following a thorough review of indexed
literature, it was observed that there are no studies, which compre-
hensively reviewed the potential role of aPDT in the dental specialty of
Orthodontics.

With this background, the aim of the present study was to com-
prehensively review indexed literature regarding the potential role of
aPDT in Orthodontics.

2. Materials and methods

2.1. Focused question

The Preferred Reporting Items for Systemic Reviews and Meta-
Analysis (PRISMA) guidelines [22] were used to conduct the present
literature review (Fig. 1). The addressed focused question was “Does
aPDT have a potential role in the discipline of Orthodontics?”

2.2. Eligibility criteria

Original (clinical and experimental) studies, case-reports, and case-
series were included. Letters to the Editor, historic reviews, and com-
mentaries were excluded.

2.3. Literature search protocol

A structured literature search was used to identify the relevant pa-
pers that report the potential role of aPDT in the field of Orthodontics.
Indexed databases (PubMed/Medline, OVID, EMBASE, ISI Web of
knowledge and Google-Scholar) were searched up to and including
January 2019 using the following key-words: (a) antimicrobial photo-
dynamic therapy; (b) antimicrobial photodynamic chemotherapy; (c)
orthodontic; and (d) orthodontics. Gray literature (unpublished studies)
were identified by searching the Open-GRAY database; and reference
list of the studies that fulfilled the eligibility criteria were also hand-
searched to identify articles that could have been missed in the initial
search. Disagreements regarding study selection were resolved via
discussion.

Fig. 1. PRISMA flow diagram.
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3. Results

3.1. Study selection and general characteristics

Twenty-nine studies were identified through the initial search; out
of which, 4 studies [19–21,23] fulfilled the eligibility criteria (as de-
scribed earlier) and were processed for data extraction. Three studies
[19,20,23] were randomized clinical trials performed in humans and 1
study [21] had an experimental design (Table 1). The excluded studies
were either review articles or did not answer the focused question.

3.2. Summary of results from human studies

In the clinical studies [19,20,23], the number of participants ranged
between 21 and 45. One study [19], reported the mean age of the
participants. In this study [19], participants that underwent aPDT and
ultrasonic scaling (US) were 15 ± 1.8 and 14.2 ± 1.3 years old, re-
spectively. Results from 2 studies [19,20] showed that aPDT is an ef-
fective therapeutic strategy for the treatment of GI among patients
undergoing OT; and Panhóca et al. [23] showed that aPDT is effective
in the oral decontamination of patients undergoing OT.

3.3. Summary of results from the experimental study

In the experimental study [21], influence of aPDT on surface de-
contamination of orthodontic instruments was assessed. The results
showed that placement of orthodontic instruments in 100 μmol/L of MB
for 20min followed by irradiation with 660 nm laser light (energy
density of 026 J/cm²) for another 20min causes statistically significant
reduction in the colony forming units of gram positive (S. aureus and S.
mutans) and negative (E. coli) microbes.

4. Discussion

Following a comprehensive review of pertinent literature, a limited
number of studies [19–21,23] with varying outcomes fulfilled the
eligibility criteria. Due to this limitation, a systematic review and meta-
analysis of the studies could not be performed. Though there is a
scarcity of indexed literature regarding the significance of aPDT in
Orthodontics, the available evidence [19–21,23] suggests that aPDT
can be used in patients undergoing OT. For example, in the study by
Gómez et al. [19], aPDT as well as US were effective in the treatment of
GI in patients undergoing OT. Similarly, results by Foggiato et al. [21]
showed that aPDT is an effective technique to disinfect metallic in-
struments used in clinical orthodontic practice. It is however empha-
sized that by no means should aPDT be a replacement for conventional
mechanical debridement (MD) and sterilization techniques such as US
and autoclaving, respectively. Studies [24–27] have shown that MD
when performed with adjunct aPDT is more effective in the treatment of
periodontal diseases (PD) (such as chronic periodontitis) compared
with MD alone. Moreover, in the study by Foggiato et al. [21] efficacy
of aPDT as a disinfectant was tested against a limited number of mi-
crobes (S. aureus, S. mutans and E. Coli). It is hypothesized that US and
instrument sterilization when performed with adjunct aPDT are more
effective compared with US and autoclaving alone. Further studies are
needed to test these hypotheses.

Common side-effects associated with OT encompass dental caries,
periodontal disease and white spot lesions [28,29]. According to Jurišić
et al. [30] oral hygiene maintenance in patients undergoing OT helps
reduce the incidence of white spot lesions (WSL) in adolescents. It is
therefore crucial to reinforce routine oral hygiene instructions via
routine follow-up in patients undergoing fixed and removable OT. It is
speculated that aPDT-based full-mouth disinfection in conjunction with
oral hygiene maintenance and routine dental check-ups is a reliable
methodology to minimize the risk of PD and WSL in patients under-
going OT. However, to date, there are no studies in indexed literatureTa
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that have tested this hypothesis.
It has been reported that habitual use of nicotinic products, such as

tobacco smoking jeopardize the outcomes of OT [31]. Moreover, psy-
chological disorders and systemic diseases such as poorly controlled
diabetes mellitus may also negatively influence the outcome of OT
[32,33]. Furthermore, use of medications, such as corticosteroids and
bisphosphonates have also been reported to affect OT [34,35]. To the
authors knowledge, there are no studies in indexed literature that have
assessed the outcome of OT with adjunct aPDT in smokers, patients
systemic and/or psychological diseases, and individuals receiving
medications, such as corticosteroids and bisphosphonates. It is hy-
pothesized that the outcome of OT with or without aPDT are compro-
mised in the patient groups referenced above. Further studies are
needed to test these hypotheses.

5. Conclusion

There is insufficient evidence in indexed literature to justify the
potential role of aPDT in OT. Hence, further studies are required in this
regard.
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