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Light-Emitting-Diode photochemical effects in dentistry: an overview
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ABSTRACT

This work aims to show the important role that might be played by the daily utilization of LED technology
in dentistry, as well as to suggest the advantages of the application of Light-Emitting-Diode (LED) Pho-
tobiomodulation (PBM) and PhotoDynamic Therapy (PDT) for the treatment of a large number of oral
diseases. It presents an overview of the most recent and interesting studies on PBM and PDT by LED light
in periodontics, endodontics, orthodontics, implantology, and Oral Medicine. LED light utilization offers
several advantages compared to Laser: the possibility to treat large surfaces, low cost, and safety for patients
and operators. The use of LED in dentistry may represent a great help for treating a large number of diseases
with low costs and without side effects.
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Introduction

Andre Mester, in 1967, observing the improvement of the
healing process in scare rats after low-power Ruby laser ir-
radiation,' proposed the utilization of this procedure in
medicine and started to successfully treat non-healing and
difficult-healing human skin and mucosal ulcers and
wounds.?

Subsequently, many Authors studied in detail the mech-
anisms of action of low-energy laser irradiation in the
tissues.

Karu indicated mitochondria as the most cellular compo-
nent sensitive to visible and near IR radiations,® and Ham-
blin ez al., confirming this theory, suggested as the final
result the increasing of adenosine triphosphate (ATP) pro-
duction, deoxyribonucleic acid (DNA) synthesis, reactive
oxygen species (ROS) and nitric oxygen species (NOS)
modulation and transcription factors induction.
Moreover, Kulbacka et al. demonstrated that visible wave-
lengths, mainly blue and green, are also active in intracel-
lular Calcium increase.’

Low-power laser irradiation has now developed into a
therapeutic procedure that is used in three main ways: to
reduce inflammation, edema, and chronic joint disorders,
to promote the healing of wounds, deeper tissues, and
nerves, and to treat neurological diseases and pain.°

In 2019, Juanita Anders et 4l., to avoid confusion about
the terminology that time adopted (LLLT, soft laser, cold
laser, biostimulation, and so on), proposed only to use the
term Photobiomodulation (PBM), so enhancing also that,
by this technique, is possible to make both stimulation
and inhibition.

At the same time, she affirmed that Laser and Light-Emit-
ting-Diode (LED), at low power, have the same kind of
effects in the biological tissues.”

This was confirmed in 2018 by Heiskanen and Hamblin
who enhanced the advantages of LED light in PBM in-
cluding no laser safety considerations, ease of home use,
ability to irradiate a large area of tissue at once, possibility
of wearable devices, and much lower cost per mW.2
PhotoDynamic Therapy (PDT) uses the association of
particular agents called photosensitizers (PS) and visible
or near-infrared light, with a wavelength specific for each
PS irradiation. Even if both light and PS are non-toxic
alone, their association starts a photochemical reaction:
the final result is the Reactive Oxygen Singlet (ROS),” able
to destroy biological targets such as cancer cells and mi-
crobes, including bacteria.'”

The capability of PDT to selectively kill several kinds of
micro-organisms was demonstrated by Merigo et al. in
three different in-vitro studies,’’"'> and de Sousa and Al
in 2010 showed by an ex-vivo investigation on 16 young
male Wistar rats that the use of red and green LED light
is effective on fibroblastic proliferation increasing.'4
Enwemeka, in 2013, proposed to consider blue light as
an alternative to antibiotics based on its high antibacterial
power,' and Zupin et al., in 2021, established that blue
PBM LED therapy impacts SARS-CoV-2 by limiting its
replication in Vero cells.'®

LED technology has been used in dentistry for a long
time: it was first introduced for the photopolymerization
of composite resin'” and subsequently to increase the
bleaching effect of H,O, with a low-temperature in-
crease;'® moreover, today, there is still a small number of
clinical publications about the use of LED in dental
PBM and PDT.

This work aims to show, by an overview of the most recent
and interesting studies on this field, the important role
that might be played by the daily utilization of LED tech-
nology in dentistry, as well as to describe the advantages
of the application of LED PDT and PBM for the treat-
ment of a large number of oral diseases.

Materials and Methods

Photobiomodulation

Orthodontics

Orthodontics is one of the dental fields where most of the
scientific papers regarding the use of LED PBMT were
published.

De Fonseca ez al., in 2013, in a randomized, double-
blind, placebo-controlled clinical trial involving 72 par-
ticipants, evaluated the PBM effects on pain, edema,
paresthesia, and bone regeneration after surgically-as-
sisted Rapid Maxillary Expansion. They used two LED
wavelengths (660 and 850 nm) both extraorally and in-
traorally, and they concluded that, due to maxillary dis-
junction surgeries reaching large anatomical areas
involving intra and extraoral structures, LED sources can
reach larger sites in the same application also combining
different wavelengths that are absorbed by superficial
and deeper tissues.'?
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The same conclusion was reached in 2014 by Rosa ez al.
with a Raman spectroscopy analysis, indicating that
Laser and LED light irradiation improves hydroxyapatite
deposition in the mid-palatal suture after orthopedic ex-
pansion.*’

Caccianiga ez al., in 2021, investigated by a randomized
clinical trial on 30 patients the effect of a LED with a
combination of wavelengths from 450 to 835 nm on Pain
Reduction during Rapid Palatal Expansion (RPE), and
they concluded that PBM is efficient in reducing the in-
tensity and the time of pain felt by young patients that
undergo RPE.?!

Ekizer ez al., in 2013, by an 7% vive study performed on 20
male Wistar rats irradiated for ten days by a 618 nm LED
lamp after five days of expansion, showed bone architecture
improvement by histo-morphometric evaluation.?

The same Authors, in different works, demonstrated that
LED-mediated-PBM therapy increases the accelerating
orthodontic tooth movement at the same time while re-
ducing the effects on orthodontically induced resorptive
activity?® and also plays a favorable role in healing and
attachment of titanium orthodontic mini-screws.4
Shaughnessy ez al., in 2016, conducted an 77 vivo study
on 19 subjects by testing the intraoral LED device effects
on teeth movement during orthodontic treatment.

This device (OrthoPulse™, Biolux Research Ltd.) con-
sists of near-infrared light with a continuous 850-nm
wavelength, generating an average daily energy density
of 9.5 J/em?.

It was applied daily to the test group patients, and the re-
sults demonstrated that intraoral PBM increased the av-
erage rate of tooth movement by 2.9-fold, resulting in a
54 % average decrease in alignment duration versus the
control group.”

Levrini ez al., in 2022, performed a retrospective study on
376 patients treated with Invisalign® clear aligners in as-
sociation with OrthoPulse® prescribed for 10 min a day
for the entire duration of the orthodontic treatment and
results showed that in the treated group the average
number of additional aligners represented 66.5% of the
initial aligners. In contrast, 103.4% of the initially planned
aligners were needed in the control group.

They concluded that in patients treated with clear aligners,
OrthoPulse® would increase the predictability of ortho-
dontic treatment with clear aligners, thus reducing the
number of finishing phase requirements.>

Guray et al., in 2023, in a randomized controlled clinical
trial on 30 patients with fixed orthodontic appliance ir-
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radiated with OrthoPulse™, concluded that this LED
device may accelerate orthodontic tooth movement by
33%.%7

LED PBM can also be significant in treating temporo-
mandibular joint diseases (TM]JD).

Costa et al., in 2021, compared the effects of infrared
LED therapy associated with an occlusal splint (OS)
on the signs and symptoms of TM]D. Through their
randomized, double-blind clinical trial on 70 patients,
they concluded that the association of LED therapy
and OS presented superior results concerning the iso-
lated therapies, especially the protocol with two weekly
sessions.?®

De Sousa et al. in 2022 evaluated, by a randomized and
controlled double-blind clinical trial on 18 patients with
TM]D, the effects of PBM with the simultaneous use of
red and infrared LED on pain and mandibular range of
motion.

They concluded that LED wavelength association, even
if it did not alter the mandibular range of motion, re-
duced pain.*

In 2023, Al-Quisi ez al. compared red LED and Laser in
temporomandibular pain reduction, concluding that red
LED light and LASER therapies may effectively relieve
symptoms associated with TMJD with no significant dif-
ferences between their outcomes.*®

Oral medicine

While there are a significant number of studies about the
utilization of laser PBM in Oral Medicine,?"3? few are
those regarding LED light.

De Carvalho ez al. 2015 clinically and histologically eval-
uated the influence of Laser (660 nm) and LED (630 nm)
PBM in the healing of formocresol-induced oral mucosa
ulcers in rats.

They used 60 Wistar rats in which oral ulcers were in-
duced on the gingiva of the lower incisors. They con-
cluded that Laser and LED PBM effectively accelerated
the healing of ulcers in both clinical and histological
aspects.??

In 2014, Frere ez al. performed an experimental study in
Hamsters to compare the prevention and treatment of oral
mucositis induced by chemotherapy.

The best results were obtained from the preventive laser
(680 nm) and LED (670 nm) PBM groups and both
treatments effectively diminished the OM lesions.>*
Andrade ez al., in 2022, compared the utilization of PBM
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to PDT as a co-adjuvant treatment of oral mucositis in
oncologic subjects: they used blue LED (450 nm) and cur-
cumin in a randomized trial study on 30 adult patients.
A reduction in the degree of mucositis and pain score was
observed in the PBM and PDT groups, this last standing
out when presenting eatly clinical improvement concern-
ing the PBM group and the control group; regarding the
antimicrobial effect, PDT showed a more significant re-
duction of yeasts of the genus Candida in the tested pa-
rameters.

Implantology

Gokmenoglu ez al., in 2014, investigated the effect of
LED PBM on implant osseointegration by measuring
implant stability changes by resonance frequency anal-
ysis (RFA) and measuring interleukin-1 (IL-1), trans-
forming growth factor- (TGEF-), prostaglandin-E2
(PGE2), and nitric oxide (NO) levels in peri-implant
crevicular fluid (PICF). The study, conducted on fifteen
patients irradiated by a wavelength of 626 nm, demon-
strated that LED application to surgical areas positively
affects the osseointegration process, so maintaining im-
plant stability.>°

In 2021, Kashefimehr ez 4/, in a split-mouth randomized
clinical trial on twelve patients undergone bimaxillary im-
mediate implant surgery with particulate bone grafts be-
tween the socket wall and the implant, showed that LED
light led to a clinically significant increase in the implant
stability quotient value after three months.?”

Dalapria ez al., in 2022, studied the effect of PBM by 850
nm LED with and without a bone graft in forty-eight
Wistar rats subjected to molar extraction, demonstrating
that LED combined with the biomaterial improved bone
formation in the histological analysis and diminished bone
degeneration, so promoting an increase in bone density
and volume. They concluded that LED may be an essen-
tial therapy to combine with biomaterials for promoting
bone formation, along with the other known benefits of
this therapy, such as for controlling pain and inflam-
matory process.*®

These results were confirmed by Foletti ez 2/ in 2023 by
an 7z vivo study on 48 implants inserted in 8 Yucatan
minipigs.*® Histologic observations on bone tissues dem-
onstrated that LED-PBM may improve and accelerate
dental implant osseointegration: 25% of dental implants
analyzed within the test group were completely osseoin-
tegrated, versus 12.5% within the control group.

Periodontics

Serrage et al., in 2021, aimed to establish the potential im-
munomodulatory effects of blue and near-infrared light
irradiation on gingival fibroblasts (GFs) essential cells in-
volved in the pathogenesis of periodontitis. Cultures
(Escherichia coli, Fusobacterium nucleatum, Porphyromonas
gingivalis) were incubated overnight and subsequently ir-
radiated using a bespoke radiometrically calibrated LED
array (400-830 nm, irradiance: 24 mW/cm? dose: 5.76
J/em?) and effects of PBM on mitochondrial activity were
assessed 24 h post-irradiation. The authors concluded that
LED light may represent a promising approach in the
management of the hyper-inflammatory response charac-
teristic of periodontitis.

Lee et al.,, in 2023, investigated by an in-viro study the
bactericidal and photobiomodulation effects of 470, 525,
590, 630, and 850 nm LED irradiation on Streptococcus
gordonii, Aggregatibacter actinomycetemcomitans, Fusobac-
terium nucleatum, Porphyromonas gingivalis, and Tannerella
Jorsythia. Nitric oxide, a proinflammatory mediator, levels
were measured to identify the anti-inflammatory effect of
LED irradiation on lipopolysaccharide-stimulated (LPS)
inflammation in RAW 264.7 macrophages.

They concluded that LED irradiation at 470 nm showed
bactericidal effects, while LED irradiation at 525 and
630 nm showed preventive and therapeutic effects on
LPS-induced RAW 264.7 inflammation, suggesting the
application of LED irradiation as an adjuvant in peri-
odontal therapy.*!

Photodynamic therapy

PDT oral application may be helpful in decontamination
(endodontics, periodontics, and periimplantitis treatment)
and for pre-malignant lesions non-invasive therapy.

Periodontics and periimplantitis treatment

Mongardini ez 4l., in 2014, in an in vive study on 30
treated chronic periodontitis subjects, investigated the mi-
crobiological and clinical adjunctive outcome of a red
LED device associated with toluidine blue, compared to
scaling and root planning in maintenance supportive peri-
odontal therapy (SPT).

Higher reductions of relative proportions of red complex
bacteria were observed in test sites, showing that adjunc-

Laser Therapy
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tive photodynamic treatment by LED light may enhance
short-term clinical and microbiological outcomes in peri-
odontitis subjects in SPT.4?

In the same year, Cho ¢z al. evaluated the effect of PDT
using erythrosine and a green LED source on biofilms
attached to resorbable blasted media (RBM) and sand-
blasted, large-grit, acid-etched (SLA) titanium surfaces
in vitro.

They concluded that due to a significantly lower quantity
of CFU/mL found in the PDT groups on both titanium
disk surfaces as well as increased bacterial death observed
in confocal scanning laser microscopy images, PDT using
erythrosine and a green LED is effective in reducing the
viability of A. actinomycetemcomitans attached to surface-
modified titanium 7 vitro.*?

Park ez al., in 2019, designed a non-invasive PDT with
the ointment, which leads a photosensitizer deliverable
into the gingival sulcus. They assessed whether 650 nm
LED penetrates the 3-mm soft tissue and effectively ac-
tivates toluidine-blue (TB) through the thickness to re-
move Porphyromonas gingivalis and Fusobacterium
nucleatum species.

The efficacy of PDT was evaluated in #n-vitro and in vivo
models, and it was seen that four weeks of TB -PDT treat-
ment significantly attenuated periodontitis-induced alveo-
lar bone loss and inflammatory cytokines production in
rats, confirming that a 650 nm LED indeed penetrates
the gingiva and activates TB sufficiently delivered to and
retained within the gingival sulcus: thus, it effectively kills
the bacteria that reside around the gingival sulcus.

They concluded that TB-red LED PDT has the poten-
tial as a safe adjunctive procedure for periodontitis

treatment. 4

Endodontics

Asnaashari er al., in 2015, investigated the antibacterial
effects of PDT using an LED lamp (630 nm) and a diode
laser (810 nm) on E. faecalis biofilms in anterior extracted
human teeth.

Their in-vitro study, performed on fifty-six single-rooted
extracted teeth, established that PDT could effectively
supplement root canal disinfection with LED lamps more
effectively than diode laser 810 nm.%

The same Authors, in 2017, compared a randomized con-
trolled trial on 20 human subjects, LED-PDT (635nm)
and calcium hydroxide therapy for root canal disinfection
against Enterococcus faecalis, and their results showed that

Laser Therapy

PDT and calcium hydroxide therapy, as auxiliary methods
adjunct to conventional root canal therapy, are both ef-
fective in root canal disinfection; moreover, PTD caused
a more significant reduction in E. Faecalis number in the
infected root canals.4°

Ali Mozayeni et al., in 2020, compared the efficacy of
three photosensitizers (toluidine blue, methylene blue, and
curcumin) in PDT using LED against Enterococcus faecalis
in root canal disinfection. The ex-vivo study involved 54
single-rooted extracted teeth, and the results showed that
in all treatment groups, the mean values of colony forming
unit (CFU) decreased by 99% compared to the control
group. The authors concluded that the adjunction of To-
luidine blue-mediated PDT through a LED light to
NaOCl irrigation increased its antibacterial efficacy
against E. faecalis and could be an effective complementary
method in root canal disinfection.?”

Shahbazi ez al., in 2022, reported a series of three end-
odontic cases treated with Toluidine Blue irradiated with
2630 nm LED lamp and concluded that PDT using LED
lighting can be used in conjunction with conventional
root canal treatment to achieve great results.®

Pre-malignant lesions treatment

Sulewska ez al., in 2019, evaluated the efficacy of PDT in
the treatment of reticular oral lichen planus (OLP) by an
in vivo study on fifty patients aged 26-84, with 124 OLP
lesions in total, treated by 5-aminolevulinic acid (ALA)
activated by a 630 nm LED light.

The therapy comprised ten weekly illumination sessions,
and the lesions’ response was macroscopically measured
in millimeters with a periodontal probe and clinically eval-
uated at each session: on completion of the therapy, 109
sites improved, including 46 in complete remission, and
the mean reduction in size was 62.91%.%

Di Stasio e al., in 2020, investigated PDT as a mini-
mally invasive method for treating oral leukoplakia
(OL) through the activation of Toluidine blue as a top-
ical photosensitizer and subsequent exposure to 630
nm LED light.

Eleven patients were evaluated at baseline (t0), at the end
of treatment cycles (t1), and one year from the end of
treatment (t2), and all the treated sites were photographed
at each visit.

Results showed that at t1, complete response was obtained
in six lesions, partial response in seven lesions, while only
two lesions showed no response, and at 2, a further im-
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provement was observed in two patients. The analysis of
the areas showed a significant reduction of the lesion size
from t0 to t1, suggesting that Toluidine blue appears to
be a promising photosensitizer in the photodynamic ther-
apy of oral leukoplakia.>®

Conclusions

As stated before, most of the Authors agree today that, re-
garding the photochemical effects on the tissues, Lasers
and LEDs have the same behaviors.”®

Nevertheless, LED light utilization offers some advantages
which may be decisive in the choice by the practitioner.
First of all, in the case of treating a large area of tissue, the
absence of collimation, a characteristic of Laser, allows si-
multaneous irradiation of LED light all the surface, saving
time for the operator.

Moreover, LED technology is elementary and con-
sequently also the cost when compared to laser devices.
Third, from a safety point of view, LED is free of risk, par-
ticularly for eyes, and so it does not require particular
rules, such as glass, which is instead observed with Laser.
The use of LED in dentistry is not yet too popular due
to the few clinical trials as well as of dental devices for
oral utilization.

Even if more studies will be necessary to confirm the re-
sults above and, also to reach a consensus regarding indi-
cations, parameters, and what sensitizer/wavelength
associations to use.

This new approach in dentistry may represent a great help
for treating a large number of diseases with low costs and
without side effects.

Contributions: Carlo Fornaini: investigation, writing —
review & editing; Jean-Paul Rocca: writing — original
draft; Huichao Wang: validation, writing — review & ed-
iting; YuPu Li: supervision, writing — review & editing.
All the authors read and approved the final version of
the manuscript and agreed to be accountable for all
aspects of the work.

Conflict of interest: the authors have no conflict of in-
terest to declare.

Ethics approval and consent to participate: not appli-
cable.

Availability of data and materials: all data generated or
analyzed during this study are included in this published

article.

Funding;: this study received no specific funding.

References

1. Mester A, Mester A. The History of Photobiomodulation: Endre
Mester (1903-1984). Photomed Laser Surg 2017;35:393-4.

2. Mester E, Kore'nyi-Both A, Spiry T, et al. Stimulation of wound healing
by means of laser rays. Acta Chir Acad Sci Hung 1973;14:347-56.

3. KaruT. Primary and secondary mechanisms of action of visible to near-
IR radiation on cells. ] Photochem Photobiol B 1999;49:1-17.

4. Hamblin MRH, Demidova TN. Mechanisms of low level light therapy.
Proc SPIE 6140 Mech Low-Light Ther 2006;614001.

5. Kubackla J, Choroma ska A, Rossowska J, et al. Cell Membrane Trans-
port Mechanisms: Ion Channels and Electrical Properties of Cell Mem-
branes. Adv Anat Embryol Cell Biol 2017;227:39-58.

6. Chung H, Dai T, Sharma SK, et al. The nuts and bolts of low-level
laser (light) therapy. Ann Biomed Eng 2012;40:516-33.

7. AndersJ], Arany PR, Baxter GD, Lanzafame R]. Light-Emitting Diode
Therapy and Low-Level Light Therapy Are Photobiomodulation Ther-
apy. Photobiomodul Photomed Laser Surg 2019;37:63-65.

8. Heiskanen V, Hamblin MR. Photobiomodulation: lasers vs. light emit-
ting diodes? Photochem Photobiol Sci 2018;17:1003-17. Erratum in:
Photochem Photobiol Sci 2018;18:259.

9. Bekmukhametova A, Ruprai H, Hook JM, et al. Photodynamic therapy
with nanoparticles to combat microbial infection and resistance. Nano-
scale 2020;12:21034-59.

10. HuX, Huang YY, Wang Y, et al. Antimicrobial Photodynamic Therapy
to Control Clinically Relevant Biofilm Infections. Front Microbiol
2018;9:1299.

11. Merigo E, Conti S, Ciociola T, et al. Effect of different wavelengths and
dyes on Candida albicans: / vivo study using Galleria mellonella as an
experimental model. Photodiagnosis Photodyn Ther 2017;18:34-8.

12. Merigo E, Conti S, Ciociola T, et al. Antimicrobial Photodynamic
Therapy Protocols on Streptococcus mutans with Different Combina-
tions of Wavelengths and Photosensitizing Dyes. Bioengineering (Basel)
2019;6:42.

13. Merigo E, Chevalier M, Conti S, et al. Antimicrobial effect on Candida
albicans biofilm by application of different wavelengths and dyes and
the synthetic killer decapeptide KP. Laser Ther 2019;28:180-6.

14. de Sousa AD, Santos JN, Dos Reis JA Jr, et al. Effect of LED photo-
therapy of three distinct wavelengths on fibroblasts on wound healing:
a histological study in a rodent model. Photomed Laser Surg
2010;28:547-52.

15. Enwemeka CS. Antimicrobial blue light: an emerging alternative to an-
tibiotics. Photomed Laser Surg 2013;31:509-11.

16. Zupin L, Gratton R, Fontana E et al. Blue photobiomodulation LED
therapy impacts SARS-CoV-2 by limiting its replication in Vero cells.
J Biophotonics 2021;14:¢202000496.

17. Mills RW, Jandt KD, Ashworth SH. Dental composite depth of cure
with halogen and blue light emitting diode technology. Br Dent ]
1999;186:388-91.

18. Michida SM, Passos SB, Marimoto AR, et al. Intrapulpal temperature
variation during bleaching with various activation mechanisms. ] Appl
Oral Sci 2009;17:436-9.

19. da Fonseca EV, Bussadori SK, da Silva Martinho LFC, et al. Evaluation

Laser Therapy



pISSN 0898-5901 | eISSN 1884-7269
Indexed in Scopus

Volume 31 - N. 1

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

of photobiomodulation effects on pain, edema, paresthesia, and bone
regeneration after surgically assisted rapid maxillary expansion: Study
protocol for a randomized, controlled, and double-blind clinical trial.
Medicine (Baltimore) 2019;98:¢17756.

Rosa CB, Habib FA, de Aratjo TM, et al. Effect of the laser and light-
emitting diode (LED) phototherapy on midpalatal suture bone forma-
tion after rapid maxilla expansion: a Raman spectroscopy analysis.
Lasers Med Sci 2014;29:859-67.

Caccianiga G, Caccianiga B, Baldoni M, et al. Pain Reduction during
Rapid Palatal Expansion Due to LED Photobiomodulation Irradiation:
A Randomized Clinical Trial. Life (Basel) 2021;12:37.

Ekizer A, Uysal T, Giiray E, Yiiksel Y. Light-emitting diode photobio-
modulation: effect on bone formation in orthopedically expanded su-
ture in rats--early bone changes. Lasers Med Sci 2013;28:1263-70.
Ekizer A, Uysal T, Giiray E, Akku D. Effect of LED-mediated-photo-
biomodulation therapy on orthodontic tooth movement and root re-
sorption in rats. Lasers Med Sci 2015;30:779-85.

Upysal T, Ekizer A, Akcay H, et al. Resonance frequency analysis of or-
thodontic miniscrews subjected to light-emitting diode photobiomod-
ulation therapy. Eur ] Orthod 2012;34:44-51.

Shaughnessy T, Kantarci A, Kau CH, et al. Intraoral photobiomodula-
tion-induced orthodontic tooth alignment: a preliminary study. BMC
Oral Health 2016;16:3.

Levrini L, Carganico A, Deppieri A, et al. Predictability of Invisalign®
Clear Aligners Using OrthoPulse®: A Retrospective Study. Dent ]
(Basel) 2022;10:229.

Giiray Y, Yiiksel AS. Effect of light-emitting photobiomodulation ther-
apy on the rate of orthodontic tooth movement: A randomized con-
trolled clinical trial. ] Orofac Orthop 2023;84:186-99.

Costa DR, Pessoa DR, Seefeldt VB, et al. Orofacial evaluation of in-
dividuals with temporomandibular disorder after LED therapy associ-
ated or not of occlusal splint: a randomized double-blind controlled
clinical study. Lasers Med Sci 2021;36:1681-9.

de Sousa DFM, Malavazzi TCDS, Deana AM, et al. Simultaneous red
and infrared light-emitting diodes reduced pain in individuals with
temporomandibular disorder: a randomized, controlled, double-blind,
clinical trial. Lasers Med Sci 2022;37:3423-31.

Al-Quisi AE, Jamil FA, Abdulhadi BN, Muhsen SJ. The reliability of
using light therapy compared with LASER in pain reduction of tem-
poromandibular disorders: a randomized controlled trial. BMC Oral
Health 2023;23:91.

Kalhori KAM, Vahdatinia E, Jamalpour MR, et al. Photobiomodula-
tion in Oral Medicine. Photobiomodul Photomed Laser Surg
2019;37:837-61.

Merigo E, Rocca JB, Pinheiro ALB, Fornaini C. Photobiomodulation
Therapy in Oral Medicine: A Guide for the Practitioner with Focus on
New Possible Protocols. Photobiomodul Photomed Laser Surg
2019;37:669-80.

de Carvalho FB, Andrade AS, Rasquin LC, et al. Effect of Laser (A 660
nm) and LED (A 630 nm) photobiomodulation on formocresol-in-
duced oral ulcers: a clinical and histological study on rodents. Lasers
Med Sci 2015;30:389-96.

Freire Mdo R, Freitas R, Colombo E et al. LED and laser photobio-
modulation in the prevention and treatment of oral mucositis: experi-
mental study in hamsters. Clin Oral Investig 2014;18:1005-13.

de Cissia Dias Viana Andrade R, Azevedo Reis T, Rosa LD, de Oliveira
Santos GI, da Cristina Silva E Comparative randomized trial study

Laser Therapy

30.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

about the efficacy of photobiomodulation and curcumin antimicrobial
photodynamic therapy as a coadjuvant treatment of oral mucositis in
oncologic patients: antimicrobial, analgesic, and degree alteration effect.
Support Care Cancer 2022;30:7365-71.

Gokmenoglu C, Ozmeric N, Erguder I, Elgun S. The effect of light-
emitting diode photobiomodulation on implant stability and biochem-
ical markers in peri-implant crevicular fluid. Photomed Laser Surg
2014;32:138-45.

Kashefimehr A, Rahbar M, Faramarzi M, et al. Effect of Light Emitting
Diode Photobiomodulation on the Stability of Dental Implants in
Bone Grafted Cases: a Split-Mouth Randomized Clinical Trial. Maedica
(Bucur) 2021;16:223-9.

Dalapria V, Marcos RL, Bussadori SK, et al. LED photobiomodulation
therapy combined with biomaterial as a scaffold promotes better bone
quality in the dental alveolus in an experimental extraction model.
Lasers Med Sci 2022;37:1583-92.

Foletti JM, Remy F, Chevenement L, et al. Effect of LED photobio-
modulation on dental implant osseointegration: An iz vivo study. |
Dent Res Dent Clin Dent Prospects 2023;17:28-34.

Serrage HJ, Cooper PR, Palin WM, et al. Photobiomodulation of oral
fibroblasts stimulated with periodontal pathogens. Lasers Med Sci
2021;36:1957-69.

LeeJ, Song HY, Ahn SH, et al. [z vitro investigation of the antibacterial
and anti-inflammatory effects of LED irradiation. ] Periodontal Implant
Sci 2023;53:110-9.

Mongardini C, Di Tanna GL, Pilloni A. Light-activated disinfection
using a light-emitting diode lamp in the red spectrum: clinical and mi-
crobiological short-term findings on periodontitis patients in mainte-
nance. A randomized controlled split-mouth clinical trial. Lasers Med
Sci 2014;29:1-8.

Cho K, Lee SY, Chang BS, et al. The effect of photodynamic therapy
on Aggregatibacter actinomycetemcomitans attached to surface-mod-
ified titanium. J Periodontal Implant Sci 2015;45:38-45.

Park D, Choi EJ, Weon KY, et al. Non-Invasive Photodynamic Therapy
against -Periodontitis-causing Bacteria. Sci Rep 2019;9:8248.
Asnaashari M, Mojahedi SM, Asadi Z, et al. A comparison of the an-
tibacterial activity of the two methods of photodynamic therapy (using
diode laser 810 nm and LED lamp 630 nm) against Enterococcus fae-
calis in extracted human anterior teeth. Photodiagnosis Photodyn Ther
2016;13:233-7.

Asnaashari M, Ashraf H, Rahmati A, Amini N. A comparison between
effect of photodynamic therapy by LED and calcium hydroxide therapy
for root canal disinfection against Enterococcus faecalis: A randomized
controlled trial. Photodiagnosis Photodyn Ther 2017;17:226-32.
Mozayeni MA, Vatandoost F, Asnaashari M, et al. Comparing the Ef-
ficacy of Toluidine Blue, Methylene Blue and Curcumin in Photo-
dynamic Therapy Against Enterococcus faecalis. ] Lasers Med Sci
2020;11:549-54.

Shahbazi S, Esmaeili S, Feli M, Asnaashari M. Photodynamic Therapy
in Root Canal Disinfection: A Case Series and Mini-Review. ] Lasers
Med Sci 2022;13:e19.

Sulewska M, Duraj E, Sobaniec S, et al. A clinical evaluation of efficacy
of photodynamic therapy in treatment of reticular oral lichen planus:
A case series. Photodiagnosis Photodyn Ther 2019;25:50-7.

Di Stasio D, Romano A, Russo D, et al. Photodynamic therapy using
topical toluidine blue for the treatment of oral leukoplakia: A prospec-
tive case series. Photodiagnosis Photodyn Ther 2020;31:101888.



