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Abstract

Aim: Hygiene is a challenge of orthodontic treatment due to its appliances and can lead to periodontal diseases.
Antimicrobial photodynamic therapy (aPDT) is a preventive technique for periodontal diseases owing to its antimicrobial
and anti-inflammatory properties. The present study reviews the effect of aPDT on the management of gingivitis induced
by orthodontic treatment.

Methods: The research was conducted using databases such as Scopus, PubMed, Google Scholar, and Cochrane via
inputting keywords such as photodynamic therapy, photo-activated chemotherapy, photoactivated disinfection,
antimicrobial photodynamic therapy, laser-activated disinfection, light-activated disinfection, laser therapy, gingivitis,
gingival inflammation, and orthodontic patient. The time frame for searching articles was from January 2010 to July 2022.
Results: In terms of anti-inflammatory properties, aPDT technique is associated with reductions in clinical parameters
(probing depth, bleeding on probing, plaque score, and plaque index) as well as paraclinical parameters (levels of the
inflammatory cytokines IL-6, TNF- a, IL-1B, and human beta defensin-2). Also, this technique has caused a decline in the
number of Porphyromonas gingivalis, Tannerella forsythia, Treponema denticola, and Prevotella intermedia, although the
effect was short-term (one month).

Conclusion: The results of the study demonstrated that aPDT is an effective and safe method in reducing gingivitis induced
by orthodontic treatment via its reduction effect on dental plaque, gingival inflammation, inflammatory reactions, and
infective pathogens load.

Keywords: Antimicrobial photodynamic therapy, Laser-activated disinfection, Photo-activated chemotherapy,
Photoactivated disinfection, Photodynamic therapy.

Dental plaque is the primary cause of gingival

1. Background
inflammation, which is characterized by gingival

If oral hygiene precautions are not strictly redness, bleeding, and swelling in the margin of the
observed, treatments such as fixed orthodontic gingiva (5, 6). Inflammatory cytokines, such as
therapy (FOT) can contribute to excessive plaque interleukin 1 beta (IL-1B), are released by bacteria
accumulation on teeth (1). In FOT, brackets and in dental plaque, such as Aggregatibacter
wires are attached to the surfaces of teeth to move actinomycetemcomitans, Porphyromonas gingivalis,
them (2). Subsequently, patients undergoing FOT and Fusobacterium nucleatum. This causes
may find it difficult to floss and remove plaque from gingivitis by increasing the permeability and
their teeth (3). perfusion of periodontal tissues (7, 8).

Plague on the teeth is a type of biofilm One standard treatment consists of a
composed of a polymer matrix adhered to the teeth toothbrush with bristles and a mouth rinse
and containing a large number of bacteria (4). containing 0.2% chlorhexidine digluconate (9).
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Essential oils, phytotherapy, probiotics, and even
antibiotics have been used to treat gingival
inflammation (10- 12). Currently, laser treatments
for infectious oral diseases are being researched
(12, 13). Antimicrobial photodynamic therapy
(aPDT), wherein a photosensitive dye is activated
by laser light in an aerobic environment, is gaining
popularity (14). Utilizing a photosensitizing agent
and a light source of the proper wavelength, the
aPDT generates reactive oxygen species to
eliminate target cells.

The aPDT utilizes numerous photoactive
components. ldeal photosensitizers are nontoxic
and only activate when exposed to light. The ideal
photosensitizer should possess a broad spectrum of
photophysical, chemical, and biological properties
(15, 16). Photosensitizers used to treat periodontal
infections may stain the gingiva or other soft tissues
in the mouth, causing unintended side effects (16).
To avoid such side effects, only bacteria and plaque
should be attached to the substances. Additionally,
it must be palatable to both the patient and dental
staff, and it must be able to reach pathogens in
deeper pockets (17).

A specific wavelength and low-intensity visible
light can also activate photosensitizers. Red light
with wavelengths between 630 nm and 700 nm can
penetrate human tissue to a depth of 5 to 15
millimeters. With a visible light source, it is easier to
see the target area, locate the photoinactivation
without harming the host tissue, and minimize
operator risk. The total light dose, dose rate, depth
of penetration, and location of the target area all
influence the stimulation of photosensitizers (18-
20).

In addition to reducing inflammation, aPDT can
have an antimicrobial effect via production of
reactive oxygen species, resulting in the inhibition
of bacterial re-cloning and gingival curettage, which
inhibits the production of the bacteria's protein
synthesis (20-22).

Photodynamic therapy may be able to treat
gingivitis and periodontal disease by inhibiting the
activation of the cytokine-induced inflammatory
pathway, thus; researchers are becoming
increasingly intrigued by this possibility (23-25). The
aim of this study was to review the effect of aPDT
on the management of gingivitis induced by
orthodontic treatment considering the role of laser
therapy in periodontal diseases.

2. Methods
Study design

The analysis method and inclusion criteria were

determined beforehand based on the PRISMA
guideline.

Focused question? Is antimicrobial photodynamic
therapy useful for the management of gingivitis
induced by orthodontic treatment?

The search strategy was done based on PICO.
(Population: patients with gingivitis due to
orthodontic treatment; Intervention: antimicrobial
photodynamic therapy; Comparison: control
groups receiving another therapy; and Outcome:
anti-inflammatory and antimicrobial effect).

Information sources and search strategy

In this review and meta-analysis study, accurate
search strategies for each database were prepared
to identify eligible articles published from January
2010 to July 2022. The searches on Scopus,
PubMed, Google Scholar, and Cochrane were
performed using the following keywords:
photodynamic therapy, photo-activated chemo-
therapy, photoactivated disinfection, antimicrobial
photodynamic therapy, laser-activated disinfection,
light-activated disinfection, laser therapy, gingivitis,
gingival inflammation, and orthodontic patient.
Also, the search included grey materials
(conference proceedings, study protocols, post-
graduate dissertations) done for relevant studies.
Next, the eligible articles were assessed by
reviewing all the titles and abstracts, and the
relevant items were chosen by the two writers (RB,
NCH).

When there was missing data in the title or the
abstract, the full texts were accurately studied to
determine whether the article should be entered
for future analysis. The references of relevant
systematic reviews and studies were also hand
searched for further eligible studies.

Selecting the articles

The two authors evaluated the collected articles
in terms of inclusion and exclusion criteria (RB,
NCH), and a discussion with the third author (AM)
solved any possible disagreement. The inclusion
criteria included the clinical trials that studied the
effects of photodynamic therapy with different
photosensitizers in orthodontic patients with
gingivitis and the clinical (probing depth, bleeding
on the probing, plaque score, plaque index) and
paraclinical parameters (measuring the number of
cytokines and number of bacteria) to assess the
anti-inflammatory and antimicrobial properties of
this method. Articles without inclusion criteria,
narrative and systematic reviews, and case series
and case reports were excluded.
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Moreover, to prevent several publications of

data, only the original articles were studied.
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Figure 1. PRISMA flow-chart of selected criteria for the included article reports

Presentation methods of data in this study,
including the identification of the research
problem, data collection, and analysis and
interpretation of data, were conducted according
to the checklist for systematic reviews, i.e., PRISMA.
The details of inclusion criteria are shown in Fig.1.

Data collection and data items

The studies that fulfilled the inclusion criteria
were collected in an electronic database (Excel
software). The following data were extracted by
each browser in its relevant database: Author, year
of publication, title, research design, patients,
methods, results, conclusion, and the full text (Yes
or No). Then the qualitative quality of the recovered
articles was discussed by the authors to reach an
agreement. The data results were extracted by two
judges to validate and control data.

Data published several times were considered

Iran J Orthod. 2022 December; 17(2): e1080.

duplicate. In case of any doubts or ambiguity, the
original article was always considered the final
option. This reduces any overestimation of the
effect of the intervention since there are no
duplicate data exceptions.

The strategies for missing/defective data in the
present study are as follows:

Contact the author if possible

Analyze only the current data (overlooking the
missing data)

Discuss the possible effects of the missing data
on the understudy findings in the discussion.

3. Results

Initially, 112 references (Fig. 1) were retrieved
from the primary databases, among them 25
duplicate references. Additional references were
excluded by two independent reviewers based on
the abstract and title because the studies were not
limited to the effect of photodynamic therapy on
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orthodontic treatment-induced gingivitis. Table 1
summarizes these articles. Full texts of the
remaining nine articles were obtained.

4 Iran J Orthod. 2022 December; 17(2): e1080.
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Table.1. Studies on the application of aPDT in management of gingivitis induced by orthodontic treatment.
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Table 1. Continued

Kamran
(2019)3°

Gomez
(2018)3*

Abellan
(2018)%*

Paschoal
(2014)%°

clinical trial/ 50
patients

Randomized
clinical trial/ 20
patients

Randomized
clinical trial/ 20
patients

Randomized
clinical trial/ 45
patients

Group 1:
US +aPDT
Group 2:
US alone

Group 1:
aPDT
Group 2: US
alone

Group 1:
aPDT
Group 2:
US alone

Group 1:
2% CHX
varnish
Group 2:
placebo
varnish
Group 3:
aPDT

Group 1:
15.4+0.9
Group 2:
14.2+0.7

Group 1:
15.0+1.8
Group 2:
142+13

146+1.6

13-18
years

670nm,
22 1)/cm2,
150mw

670 nm,
200 mW

670 nm,
67.06
J/ecm2,
6.05
W/cm2

450+ 20
nm, 96
J0/cm?2,
165
mW/cm?2

Methylene
blue 0.0005%

Methylene
blue 0.005 %

methylene
blue 0.005%

curcumin
1.5 mg.mL-1

6 weeks

9 months

9 months

3 months

PD
BoP
PScore

FMPS
FMBS
PD
ICDAS

PD
Pl
Gl

Pl
Gl

Microbiolo
gical
analysis
GCF
cytokines
assessment

Microbiolo
gical
analysis

Microbiolo
gical
analysis
GCF
cytokines
assessment

A decreasing trend
in clinical
indicators of
gingivitis (plaque
score, bleeding on
probing, and
plaque index)

A decrease in
clinical indicators
of gingivitis (full-
mouth bleeding

score)

Decreased
gingivitis as a
result of a
decrease in
IL-1B, IL-10, TNF-a

A significant
decrease in clinical
indicators of
gingivitis (gingival
bleeding index)

First a decrease and

then an increase in

P. gingivalis and P.
intermedia

A decrease in P.
intermedia, P.
gingivalis, and

mutans streptococci
similar to the
ultrasonic scaler
group
A decrease in the load
of Porphyromonas
gingivalis and
Prevotella intermedia
after 6 months; then
shown an increase 9.
A load of
Fusobacterium
nucleatum
unchanged for up to 6
months and
decreased at least 9
months after
photodynamic
therapy.

US— Ultrasonic Scaling, CHX— Chlorhexidine, PBM— photobiomodulation, aPDT— antimicrobial photodynamic therapy, PD—pocket depth, Pl—plaque index, Gl—gingival index, GCF—
gingival crevicular fluid, FMPS—full mouth plaque score, FMBS—full mouth bleeding score, ICDAS—International Caries Detection and Assessment System, PScore—plaque score, BoP—
bleeding on probing, HI—hyperplastic index, Human beta defensin-2— hBD-2, Interleukin 1beta— IL-1pB, Interleukin 6— IL-6, Tumor necrosis factor alpha—TNF-a, Interleukin 10— IL-10.
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4. Discussion

Long orthodontic treatment (2-3 years) leads to
complications such as root resorption, gingivitis,
periodontal disease, and dental caries (32).
Orthodontic appliances are always considered a
preventive factor in maintaining oral hygiene and
gingival health and a barrier to removing microbial
dental plaques (33). Among the periodontal
therapies, using aPDT has been proposed as a
replacement for antimicrobial chemicals to remove
subgingival bacteria and to treat periodontitis with
fewer complications (34). Different studies have
evaluated and confirmed the use and effectiveness
of aPDT in decreasing microbial load, dental plaque,
and gingivitis, and improving the patients' quality of
life under fixed orthodontic treatment. These
studies' findings provide evidence that aPDT is an
effective treatment in the management of gingivitis
induced by orthodontic treatment. The studies
used different metrics and measurements for
evaluation; different lasers, and radiation methods
(size, duration, interrupted or continuous).
Therefore a pooled outcome measurement was not
possible.

Paschoal et al. (2015) made a comparison
between the impacts of aPDT with curcumin with
CHX varnish that was applied to teeth to prevent
gingivitis and white spot lesions. Subsequent to
applying the above therapies four times a week, the
authors made a comparison (20) between the
gingival bleeding index (GBI) and plaque index (PI)
at baseline at the intervals of one month and three
months following the intervention. The follow-up
period of one month indicated no statistically
significant change in Pl values for the entire groups;
however, in the aPDT group, the three-month
follow-up period showed an increased value for the
above-cited index. At first follow-up visit, GBI
decrease was observed, which was then returned
to its baseline amounts.

In order to estimate the long-term
antimicrobial and anti-inflammatory impacts of
photodynamic therapies, Abellan et al (2019)
carried out some investigations on patients
treated via fixed braces by determining the
effectiveness of US (Ultrasonic Scaling) and aPDT
effectiveness on periodontal health. They
created two groups of patients aged 12 to 18
years (n=20) receiving seven sessions (days 0, 15,
30, 45, 90, 180, 270) of US or aPDT. In comparison
with the starting point in both groups, the
authors observed a statistically significant
decline in probing depth (PD), gingival index (Gl),
and Pl; however, no difference was observed
between US and aPDT. According to the multiplex

Iran J Orthod. 2022 December; 17(2): e1080.

map of high sensitivity immunoassays of human
beings, FGF-2 level increased, the levels of IL-10,
IL-1B, and TNF- a decreased, and IL-6 and IL-1 had
persistent levels; however, both groups showed
no difference. Nearly the same decreases in
colony-forming units (CFU) were observed for P.
intermedia, F. nucleatum, and P. gingivalis in
both groups. According to the authors, one can
consider aPDT as a safe substitution for gingivitis
therapy with inappreciably longer-lasting
impacts. In addition, they ascribed the declined
amount of bacteria to cell wall degradation and
prevention of re-colonization in Gram-positive
bacteria (21). Their findings approved the better
long-term functions of aPDT, which agreed with
the study results of Gomez et al. (2018). They
evaluated the effectiveness of aPDT and US for
the prevention of white spot lesions and
gingivitis in the course of orthodontic treatment.
The seven US and aPDT sessions held for patients
included four sessions at two-week intervals at
baseline (T0), and then, three boosters once in
three months (T1, T2, T3). By beginning from T1,
a smallincrease was detected in the international
caries detection and assessment system (ICDAS),
which were statistically insignificant. Also, the
levels of periodontal indicators decreased. In T1,
the PD and full-mouth bleeding score (FMBS)
reported the most significant decline; however,
in T2, full-mouth plaque score (FMPS) recorded
the most significant decline, while no difference
was found between the US and the aPDT groups.
The investigations on a microbiome showed
decreased numbers of cariogenic bacteria and
periopathogens with no statistically significant
difference between the two groups (31).
Furthermore, in a comparative study by Kamran
el al. (2020) on subjects who underwent the US only
therapy and those who received aPDT as an
adjunctive to the US, the results revealed that the
values of PS and bleeding on probing (BoP) reduced
in both groups after three to six weeks, as
compared to the values of baseline. There was a
significant reduction in the values of plaque scores
(PS) and BoP in both groups after three, and six
weeks, respectively, permanently being
advantageous to the US-aPDT group. IL-6 and TNF-
a levels were decreased by these two protocols. In
the US-aPDT group, the levels of IL-6 and TNF- a
decreased significantly in week three and week six,
respectively. In this group, the values of P. gingivalis
and P. intermedia in the plaque specimens were
largely decreased in both follow-up periods.
Moreover, this study found that there was a
significant reduction in the number of cytokines
and the parameters associated with oral
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inflammation after the use of aPDT (30).

In a study by Al Nazeh el al. (2020), 22 patients
were categorized into two groups. The first group
was only exposed to the US and the second group
underwent US and aPDT (22). In the pre-
intervention period and one and four weeks after
the intervention, the upcoming clinical
parameters, including a dichotomous record of
BoP and PS, were evaluated. The plaque
specimens were gathered by the investigators for
conducting a bacterial analysis. The results
demonstrated a statistically significant reduction
in the values of BoP and PS in both groups in
comparison to the values of baseline; however,
there was no difference between the two groups.
In the first group (US), the CFU of T. forsythia
reduced after one week. Afterwards, in the second
group (US-and-aPDT), a statistically significant
reduction was observed in the CFUs of both T.
forsythia and P. gingivalis after one and four
weeks. The investigators believed that the
reduction in the values of BoP and PS was
associated with the antimicrobial impacts of such
substance having sensitivity to light, which in turn
ruins the bacterial matrix outer wall utilizing
singlet oxygen (an extremely active chemical
agent).

In a study by Algerban el al. (2020), the efficacy
of US with adjunct photobiomodulation (PBM) and
the US with adjunct aPDT was compared to the
efficacy of US alone using an anti-gingivitis
treatment for patients undergoing fixed appliances.
In this study, 45 subjects were categorized into
three identical groups by the investigator. Algerban
calculated PS, PD, and BoP in every group and
gathered gingival crevicular fluid (GCF) and plaque
specimens at baseline and on days 30 and 60. The
findings demonstrated a statistically significant
reduction in the values of BoP and PS in all groups
in comparison to the values of the baseline;
however, there was no difference between each
group. In the aPDT group, a gradual reduction was
observed in the amount of PD, but there was no
statistically significant difference between the
groups. The human B-defensins level in the GCF was
evaluated using the ELISA test, indicating a
statistically significant reduction after 30 days for all
of the study groups. There was an additional
reduction reported after 60 days in the aPDT group
and after 30 and 60 days, the T. denticola level in
the aPDT group reduced (27).

In 2020, Alshahrani et al. made a comparison
between the use of full-mouth periodontal
debridement (FMPD) and FMPD with adjunct aPDT.
The authors evaluated the BoP, PD, and PS values
and hyperplastic index (HI) at baseline in clinical

examinations two and four weeks following the
applied therapy. After two and four weeks, a
statistically significant decline was observed for the
values of the entire items in both studied groups. It
is noteworthy that in both time intervals, the
FMPD-aPDT group showed a statistically significant
decline in the hyperplastic index compared to that
of the FMPD group. A significant reduction was
observed in T. forsythia, T. denticola, and P.
gingivalis from baseline. While, after two and four
weeks, a statistically significant higher decline was
observed in the mean log CFU/mL for the FMPD-
aPDT group for T. forsythia and P. gingivalis, a
significant difference for T. denticola occurred only
after a two-week follow-up period. After four
weeks of follow-up for both groups, IL-1f indicated
a significant decline in ELISA.

After a four-week follow-up (28), significant
differences were observed in the declined IL-6
levels between the groups to the benefit of the
FMPD-aPDT group.

In 2020, Al Malik et al. also made a comparison
between the efficacy of using the US alone and that
of the aPDT in combination with the US for oral
yeast. The gingival index was tested, and the
samples of unstimulated whole saliva (UWS) were
taken at the start of the research and six months
following the intervention. The results were
comparable between both groups in terms of Gl.
From another viewpoint, a significant decline was
observed in the CFU/mL value for the yeast for the
combined therapy; however, the decline for the US
alone regarding the baseline value was not of
statistical significance (26).

Baeshen et al. (2020) evaluated the effect of
periodontal debridement on pain levels, clinical
parameters, bacterial microflora, and cytokine
secretion in adolescent orthodontic patients
suffering from gingivitis. While group one received
aPDT and US treatment via MB as a PS, group two
only underwent the US. Nonetheless, no difference
was observed in the BoP and PS when the groups
were compared. A statistically significant decline
was observed in favor of the group with adjunct
aPDT. Applying the therapies did not affect the PD
values and the perceived pain level. A significant
decline in T. forsythia was observed for group one
in comparison with group two; however, this
occurred only after a one-week follow-up. A re-
increase was found in microbial counts after four
weeks. Compared to baseline, the authors reported
a significant decline in IL-6 and TNF-a for both
groups. In the case of TNF-q, a significant difference
could be detected between the groups at week
four, and for the second cytokine, it could be
detected at week one (29).

Iran J Orthod. 2022 December; 17(2): e1080.



Mirhashemi AH et al.

Conclusion

The results of different studies have shown that

aPDT is a safe, effective method to reduce
periodontal complications induced by orthodontic
treatment; it decreases dental plaque, gingivitis,
inflammatory reactions, and a load of infectious
pathogens, and by reducing pain and increasing the
quality of life, increases patient satisfaction when
undergoing orthodontic treatment.
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