unicoc

COLEGIO ODONTOLOGICO
COLOMBIANO

Effectiveness of photobiomodulation with low-level lasers on the
acceleration of orthodontic tooth movement: A systematic review and
meta-analysis of split-mouth randomized clinical trials.

Efectividad de la fotobiomodulacion con laser de baja densidad de
potencia en la aceleracion del movimiento dental ortoddncico: una

revision sistematica y metaanalisis de ensayos clinicos aleatorizados de
boca dividida.



COLEGIO ODONTOLOGICO

OOOOOOOOOO INVESTIGADORES

ASESOR CIENTIFICO:
Néstor Rios Osorio

INVESTIGADOR:
Juan Camilo Méndez Sdnchez

Ortodoncia y Ortopedia Maxilar
2024-11



|

uni

Lasers in Medical Science

l
c o c Dermatology

best quartile

COLEGIO ODONTOLAGICO -
COLOMBIANO 555

powered by scimagojr.com

Lasers in Medical Science (2023) 38:200
https://doi.org/10.1007/510103-023-03870-7

REVIEW ARTICLE

Check for
updates

Effectiveness of photobiomodulation with low-level lasers
on the acceleration of orthodontic tooth movement: a systematic
review and meta-analysis of split-mouth randomised clinical trials

Marggie Grajales' - Nestor Rios-Osorio®( - Oscar Jimenez-Pefia? - Juan Mendez-Sanchez? - Kelly Sanchez-Fajardo® -
Herney Andrés Garcia-Perdomo*

Received: 17 May 2023 / Accepted: 29 August 2023
© The Author(s), under exclusive licence to Springer-Verlag London Ltd., part of Springer Nature 2023



unicoc

COLEGIO ODONTOLOGICO
COLOMBIANO

INTRODUCCION

Grajales M, Rios N, Jiménez O, Méndez J, Sanchez K, Garcia H.



<
1
unicoc
COLEGIO ODONTOLOGICO
COLOMBIANO

Remodelacion
O dsea.
Proceso

inflamatorio en el
ligamento
periodontal (LP).

http://www.fodonto.uncuyo.edu.ar/upload/biomecanica-pregrado.pdf

O * PGE2.

* Citocinas.

+ Oxido nitrico.

* Neuropéptidos - Péptido relacionado con
el gen de la calcitonina (CGRP) y
sustancia P (SP).

Movimiento
dental Liberacion de

ortoddncico. mediadores quimicos
(2,3)

DOLOR Y DISCONFORT

* Caries.
TRATAMIENTOS * Reabsorcién radicular

PROLONGADOS externa.
* Enfermedad periodontal.

(1). Gkantidis N, Mistakidis |, Koskoura T, Padis N. Effectiveness of non-conventional methods for accelerated orthodontic tooth it A ic review and t:

Journal of Dentistry. 2014;10:1300-1319.

(2). Patil AK, Shetty AS, Setty S, Thakur S. Understanding the advances in biology of orthodontic tooth movement for improved ortho-perio interdisciplinary approach. J Indian Soc . . . . . . .
Periodontol. 2013 May;17(3):309-18. Grajales M, Rios N, Jiménez O, Méndez J, Sanchez K, Garcia H.
(3). Hall M, Masella R, Meister M. PDL neuron-associated neurotransmitters in orthodontic tooth movement: identification and proposed mechanism of action. Todays FDA. 2001
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‘ Distraccién
\ osteogénica

Estrategias
para acelerar
el movimiento
dental
ortodoncico

Sustancias
quimicas:
Prostaglandina,
osteocalcinay
vitamina D3.

https://radiologiaoral d com/2013/11/.
logi ducto-de-fi d

Corrientes
eléctricas

mecdanica

\
‘ Vibracion “Algunos de estos métodos se

han asociado efectos adversos
como reabsorcion radicular y
dolor intenso”. (a-g)

Campos
electromagnéticos
pulsados
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Fotobiomodulaciéon (PBM)
+

Terapia laser de baja
densidad de potencia (LLLT)

~

e

Estrategia de aceleracidn
del movimiento dental
ortoddncico. (s,9)

J

) - N

# Método no invasivo y
facil de usar. (28)

(8). Yassaei S, Fekrazad R, Shahraki N. Effect of low level laser therapy on orthodontic tooth movement: a review article. ) Dent (Tehran). 2013 May;10(3):264-72.
(9). Tam SY, Tam VCW, Ramkumar S, Khaw ML, Law HKW, Lee SWY. Review on the Cellular Mechanisms of Low-Level Laser Therapy Use in Oncology. Front Oncol. 2020 Jul

24;10:1255.

(28). Impellizzeri A, Horodynski M, Fusco R, Palaia G, Polimeni A, Romeo U, et al. Photobiomodulation therapy on orthodontic movement: Analysis of preliminary studies with a
new protocol. IntJ Environ Res Public Health. 2020;17(10).

(28).
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FOTOBIOMODULACION (PBM)

Consiste en la aplicacion de é e N E R 4 KK ¥
, . . Ay - 700nm 546nm  454nm
intensidad. (9) é"”o Y w8 R E & 9
o 10
- /\/\/\/\/\
-1.0
0 1 2 3 4 5 6 7
Tiempo
~ A ( )
Respuesta a esa
Modificaciones en la = irradiacién de luz en
fisiologia celular. (10) condiciones
especificas.
. J \ J

. , . - 7 z .
Grajales M, Rios N, Jiménez O, Méndez J, Sanchez K, Garcia H.

(9.) Tam SY, Tam VCW, Ramkumar S, Khaw ML, Law HKW, Lee SWY. Review on the Cellular Mechanisms of Low-Level Laser Therapy Use in Oncology. Front Oncol. 2020 Jul 24;10:1255.

(10). Rola, P.; Wtodarczak, S.,Lesiak, M.; Doroszko, A.;Wtodarczak, A. Changes in Cell Biology under the Influence of Low-Level Laser Therapy. Photonics 2022, 9, 502.
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- LASER DE BAJA DENSIDAD DE POTENCIA
(LLL)

[ Afecta sistemas bioldgicos a través de medios no térmicos. (9,10) ]

Potencia de salida 0.001 - 0.5 Watts _ _
e T Sy 500 — 1200 nm = Distancia entre dos. puntgs de una
_ _ onda a otra en el eje horizontal (nm).
Naturaleza de trabajo Onda pulsada o continua
Densidad de potencia 5 — 5000 m\W/cm?>
(irradiancia)
Densidad de energia 0.05-50 J/cm? = Distribucion de energia a través de la
(fluencia) superficie de un tejido (J/cm?).

Grajales M, Rios N, Jiménez O, Méndez J, Sanchez K, Garcia H.

(9.) Tam SY, Tam VCW, Ramkumar S, Khaw ML, Law HKW, Lee SWY. Review on the Cellular Mechanisms of Low-Level Laser Therapy Use in Oncology. Front Oncol. 2020 Jul 24;10:1255.
(10). Rola, P.; Wiodarczak, S.,Lesiak, M.; Doroszko, A.;Wtodarczak, A. Changes in Cell Biology under the Influence of Low-Level Laser Therapy. Photonics 2022, 9, 502.
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Parametros:
Propiedades
y dosis. (9,10)

Efectos
deseados

Sobredosificacion:

Inhibicion de la
proliferacion celular e
induce a la apoptosis.

btimulation

Infradosificacion:
Respuesta celular
deficiente.

nhibition

. , . - - z .
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LLLT
4

Liberacién de mediadores
inflamatorios presentes en el
tejido periodontal.

{

https://www.youtube.com/watch?v=KX9YWXMkKLd8

Estimula
Acelera sintesis proliferacion de
de colageno. (7) osteoblastos y
osteoclastos.

Promueve la
remodelaciéon dsea
RANKL/RANK/OPG.

(11-14)
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remodeling. Orthod Craniofac Res. 2009; 12:289-298.
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583.

(13). Salehi P, Heidari S, Tanideh N, Torkan S. Effect of low-level laser irradiation on the rate and short-term stability of rotational tooth movement in dogs. Am J Orthod Dentofacial Orthop. 2015;147:578-586.
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A Comparison of the Rate of Retraction with Low-level Laser Therapy and

Conventional Retraction Technique
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Abstract: This study aimed to investigate the effectiveness of photobiomodulation therapy (PBMT) on
the acceleration of orthodontic movements, deriving from its biostimulating and regenerative capacity
on soft tissues, consequent to the increase in differentiation, proliferation, and activity of cells that are
involved with alveolar bone remodeling. The present randomized controlled trial was conducted on

six patients who required extractive orthodontic therapy because their ectopic canines had erupted.

A total of eight canines were analyzed, four of which received laser irradiation (i.e., experimental
group). Two weeks after the extractions, all canines of the experimental and placebo groups were
distalized simultaneously and symmetrically with the laceback retraction technique. The PBMT
protocol consisted of four cycles of laser applications, one each on days 0, 3, 7, and 14 of the study,
with session treatment durations of 2-4 min. The results of the descriptive analysis on the distal
displacement speed of the canines after 1 month of follow-up indicate an average displacement of
1.35 mm for the non-irradiated group and 1.98 mm for the irradiated group. Through inferential
analysis, a statistically significant difference (p < 0.05) was found between the average speed of the
irradiated canines and the control canines) The low energy density laser used in this study, with
the parameters set, was found to be a tool capable of statistically significantly accelerating the distal
displacement of canines.

28. Impellizzeri A, Horodynski M, Fusco R, Palaia G, Polimeni A, Romeo U, et al. Photobiomodulation therapy on orthodontic movement: Analysis of preliminary studies with a new
protocol. Int J Environ Res Public Health. 2020;17(10).

31. Arumughan S, Somaiah S, Muddaiah S, Shetty B, Reddy G, Roopa S. A Comparison of the Rate of Retraction with Low-level Laser Therapy and Conventional Retraction Technique.

Contemp Clin Dent. 2018;9(2):260-6.

34. Qamruddin I, Alam MK, Mahroof V, Fida M, Khamis MF, Husein A. Effects of low-level laser irradiation on the rate of orthodontic tooth movement and associated pain with self-ligating
brackets. Am J Orthod Dentofac Orthop [Internet]. 2017;152(5):622-30.
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36. Yassaei S, Aghili H, Afshari JT, Bagherpour A, Eslami F. Effects of diode laser (980 nm) on orthodontic tooth movement and interleukin 6 levels in gingival crevicular fluid in female
subjects. Lasers Med Sci. 2016;31(9):1751-9.
37. Kansal A, Kittur N, Kumbhojkar V, Keluskar KM, Dahiya P. Effects of low-intensity laser therapy on the rate of orthodontic tooth movement: A clinical trial. Dent Res J (Isfahan).

2014;11(4):481-8.

Abstract

Objectives: One major drawback of orthodontic treatment is its long duration due to slow
tooth movement and the pain at the onset of treatment following application of forces. There
is controversy regarding the efficacy of laser for decreasing the treatment time and pain of
orthodontic treatment. The purpose of this study was to investigate the effect of low level
diode laser on the rate of orthodontic tooth movement and the associated pain.

Materials and Methods: In this double blind randomized controlled clinical trial, 12 or-
thodontic patients referring to Shahid Beheshti School of Dentistry for first premolar ex-

traction were randomly selected and allocated to gallium aluminum-arsenide laser -
S G1885 680 55 100 W4 53/ 8 OISO SBBBAIS, cotimous o) o contol

group. The patients initially underwent leveling and alignment using the sectional system.
Force (150 gr) was applied to each canine tooth via sectional closing loops. The loops were
activated every month. The rate of tooth movement and pain were monitored over the treat-
ment period and recorded on days 1, 3, 7, 30, 33, 37, 60, 63 and 67. Two-way ANOVA was
used for comparison of groups.

Results: There was no significant difference in terms of tooth movement and pain scores
between the irradiated and non-irradiated sides at any time point (P>0.05).

Keywords: Orthodontic; Tooth movement; Laser Therapy, Low-Level; Pain
Journal of Dentistry, Tehran University of Medical Sciences, Tehran, Iran (2015; Vol. 12, No. 4)

Grajales M, Rios N, Jiménez O, Méndez J, Sanchez K, Garcia H.
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OBJETIVO GENERAL

4 )

Examinar criticamente la literatura cientifica disponible que
evalla el efecto de la LLLT en la aceleracion del movimiento
dental ortoddncico.

N\ J

Grajales M, Rios N, Jiménez O, Méndez J, Sanchez K, Garcia H.
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OBJETIVOS ESPECIFICOS

N
1. Evaluar los efectos clinicos de LLLT en la aceleracion del movimiento dental

ortoddncico.
Y

e ™
2. Establecer la longitud de onda mas efectiva del LLLT para acelerar el movimiento

\dental durante el tratamiento de ortodoncia. )

e ™
3. Establecer la densidad de energia mas efectiva del LLLT para acelerar el

\movimiento dental ortoddncico.

J

Grajales M, Rios N, Jiménez O, Méndez J, Sanchez K, Garcia H.
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Resolucion 8430 de 1993.
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Articulo 11. Investigacion sin riesgo.
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e Q0
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PROSPERO National Institute for
International prospective register of systematic reviews Health Research

UNIVERSITY W
Centre for Reviews and Dissemination

Systematic review

A list of fields that can be edited in an update can be found here

1. * Review title.

Give the title of the review in English
EFFECTIVENESS OF PHOTOBIOMODULATION WITH LOW-LEVEL LASERS ON THE ACCELERATION

OF ORTHODONTIC TOOTH MOVEMENT: SYSTEMATIC REVIEW AND META-ANALYSIS

Se registro un protocolo detallado de esta revision
sistematica y metaanalisis:

PROSPERO (CRD42022332585).

J

Grajales M, Rios N, Jiménez O, Méndez J, Sanchez K, Garcia H.
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(22). Urratia G, Bonfill X. Declaracién PRISMA: una propuesta para mejorar la publicacion de revisiones sistematicas y metaanélisis [PRISMA declaration: a proposal
to improve the publication of ic reviews and met: Med Clin (Barc). 2010 Oct 9;135:507-11.
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Siguiendo las recomendaciones del
Manual Cochrane de revisiones
sistematicas de intervenciones y la
Declaracion PRISMA.

THE COCHRANE
COLLABORATION®

“* PRISMA

TRANSPARENT REPORTING of SYSTEMATIC REVIEWS and META-ANALYSES

Grajales M, Rios N, Jiménez O, Méndez J, Sanchez K, Garcia H.
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ESTRATEGIA PICO
/P: Pacientes que buscaban tratamiento de ortodoncia, en los cuaD

estaba indicada la extraccion de primeros premolares superiores y
retraccion de los caninos.

': Aplicacién de LLLT.

C: No se aplicéd LLLT ni ninguna estrategia para acelerar el movimiento
ortodoncico.

kO: Aceleracidon del movimiento dental ortoddncico. /

Grajales M, Rios N, Jiménez O, Méndez J, Sanchez K, Garcia H.
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PREGUNTA DE INVESTIGACION

4 )

éCual es la longitud de onda y densidad de energia en LLLT mas efectiva para
acelerar el movimiento dental ortodéncico en pacientes con indicacion de
extraccion de primeros premolares superiores para retraccion de caninos?

- J

Grajales M, Rios N, Jiménez O, Méndez J, Sanchez K, Garcia H.
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V4

CRITERIOS DE INCLUSION

RCTs en pacientes sistémicamente
sanos que reportaron el efecto
del LLLT en la aceleracién del
movimiento dental ortodéncico.

Estudios en donde se indicd Ia
extraccion de los primeros
premolares superiores con fines
ortoddéncicos y se realizaba la
retraccién de caninos.

RCTs que describen claramente el
procedimiento de ortodoncia y el
protocolo de aplicacion del laser.

Estudios en los que se realizaron

estrategias adicionales como la
corticotomia, distraccién  osteogénica,
vibracion mecanica, campos

electromagnéticos pulsados, corrientes
eléctricas e inyecciones locales de
sustancias quimicas, entre otras, para
acelerar el movimiento dental ortoddncico.

Estudios clinicos que evaluaron la
efectividad de PBM con diodo emisor de
luz (LED) o laseres de alta potencia.

Estudios clinicos donde se evalla el efecto
de la LLLT para otro tipo de movimiento
ortodoncico: Mesializacion de molares,
alineacion y nivelacién dental.

Grajales M, Rios N, Jiménez O, Méndez J, Sanchez K, Garcia H.
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"S5 FUENTE DE INFORMACION

Téminos MeSH,

Busqueda DeCS, Emtree y Bases de datos:

bibliografica Esfg?flgi?)crfcri]g:\ palabras PubMed, Scopus,

Sin limite de relacionadas con la ScienceDirect y
tiempo. Cochrane. estrategia de LILACS.
busqueda.

.

/"« Articulos relevantes identificadosa
través de la busqueda.
* Bases de datos de tesis.

* Open Grey
* Google Scholar Sin limitacion de idioma.
\_* ClinicalTrials.gov W,
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Appendix 1

Table 4 Search strategy translated for each database

Electronic databases Search strategy

PubMed “llit” OR “laser therapy” OR “photobiomodulation” AND “tooth movement” AND “orthodontics”
https://www.ncbi.nlm.nih.gov/pubmed/

ScienceDirect “lIit” AND “low-level laser therapy” AND “tooth movement” AND “orthodontics”
https://www.sciencedirect.com/

Scopus “low-level” AND “laser” AND “therapy” AND “orthodontic” AND “movement” OR “photobio-
https://www.scopus.com/ modulation” AND “tooth” AND “movement”

LILACS “low-level laser therapy” OR “photobiomodulation” AND “tooth movement”

http://lilacs.bvsalud.org/

Grajales M, Rios N, Jiménez O, Méndez J, Sanchez K, Garcia H.
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RECOLECCION DE DATOS

Diseiio de tabla para la recoleccion de datos:

Autor,ahode Tamaiioy Rangode Disefiode Mecanica de Tipode Densidad de Region
publicacion, caracteristicas edad investigacion retraccion de lasery  energia anatomica de
pais de de la muestra (afios) caninos A(nm) (/cm?) aplicacion en
origen el canino
Continuacion:

Autor, aiio Frecuenciade Velocidad de retraccion del canino Resultados clinicos

de aplicacion (promedio + SD mm)

publicacion,

pais de Control Laser

origen

Grajales M, Rios N, Jiménez O, Méndez J, Sanchez K, Garcia H.
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H ienta Cochrane Risk of Bi
RIESGO DE SESGO ™ | i cvamraines

ANALISIS DE DATOS

Prueba I%;

Diferencia de Informacidn se Valores < 50% vy
. medias (DM) con combiné con un >50%
Review -
sus metaanalisis de corresponden a
Manager. . .
correspondientes efectos niveles de
IC del 95%. aleatorios. heterogeneidad

Grajales M, Rios N, Jiménez O, Méndez J, Sanchez K, Garcia H.
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ANALISIS DE
SUBGRUPOS

Longitud de onda Den5|da€:| de
(nm) energia
(J/cm?)

810 nm. 5.3 J/sz

Grajales M, Rios N, Jiménez O, Méndez J, Sanchez K, Garcia H.
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RESULTADOS
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COLOMBIANG Records identified through database searching
[

I . I

PubMed Science Direct Scopus LILACS
[n=165] [n=71] [n=216] [n=8]

SELECCION

Identification
|

2 [n=81]
c
o
2
D E *
Record excluded by
— Records Screened . Title/abstract
ES I U DIOS o e
g Full-t ticl for eligibili i i
= ull-text articles as, or eligibility IS Full-text articles excluded with
Fi [n323] reasons
i [n=4]:

No control group [23,25].
Not a split-mouth RCT [24].
No canine retraction [26].

Studies included for qualitative analysis

Figura 1. Diagrama de flujo @

.8 \ J
de estudios incluidos, § ) v .
basa d oS en |a gu |'a P R|S MA. - Studies selected for in the quantitative synthesis
[ -anaiysis]
[n=18]

Grajales M, Rios N, Jiménez O, Méndez J, Sanchez K, Garcia H.
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oooooooooo 19 estudios (2004-2021)

Paises: Irdn (2), India (7), Tailandia
(1), China (1), Italia (1), Australia (1),
Pakistan (1), Turquia (1), Brasil (4).

CARACTERISTICAS ,

Ensayos clinicos controlados

D E ESTU D I OS - aleatorizado(;(c:l_ergs?.oca dividida
INCLUIDOS

Periodo de seguimiento: 3 0 4
meses, lograr retraccidn canina
completa.

Edad: 10 - 35 afios.

. v

Grajales M, Rios N, Jiménez O, Méndez J, Sanchez K, Garcia H.
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4 ) (" ™ e . 2
Resortes helicoidales
Mecanicas utilizadas: Ansas de cerrados de Ni-Ti (barra
cierre, laceback, tieback, transpalatina, botén de
' cadenetas elastoméricas. Nance, arco lingual,
. . miniimplante).
\ J - J
4 ) (" )
Finalizada fase de
alineacion y Sitios anatomicos:
de caninos superiores.
\ J \_ J
4 N
Laser de diodo .
(GaAlAs). Longitud de onda: 658-980nm.
Tiempo de aplicacién: Densidad de energia: 2-25
J/cm?2
3-40 segundos. (38).
- J \ J

33). Kochar GD, Londhe SM, Varghese B, Jayan B, Kohli S, Kohli VS. Effect of low-level laser therapy on orthodontic tooth movement. J Indian Orthod Soc. 2017;51(2):81-6.

(38). da Costa Pereira SC. Influéncia do laser de baixa intensidade na movimentagdo ortoddntica - avaliagdo clinica e radiografica. Universidade de S&o Paulo; 2014. Tesis de doctorado. Grajales M’ Rios N' Jiménez o, Méndez J' Sa’nchez K' Garcl’a H-

2010 Oct 9;135:507-11.
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12 estudios

.. 7 estudios
LLLT acelera el movimiento dental LLLT aumenta ligceramente el indice
ortoddncico durante la retraccion u 8

canina (p<0.05). de movimiento dental (p>0.05).

- J \ J

(28). Impellizzeri A, Horodynski M, Fusco R, Palaia G, Polimeni A, Romeo U, et al. Photobiomodulation therapy on orthodonti : Analysis of preliminary studies with a new
protocol. Int J Environ Res Public Health. 2020;17(10). . z . 7 7 z z
(30). Mistry D, Dalci O, Pap. iou SN, D: liler MA, P AK. The effects of a clinically feasible ication of low-level laser therapy on the rate of orthodontic tooth Grajales M’ RlOS N, Jlmenez 0, Mendez .l’ SanChez K, GarCIa H.

+ A triple-blind, split-mouth, d lled trial. Am J Orthod Dentofac Orthop. 2020;157(4):444-53.
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Study ID

Zheng et al., 2021
China

Impellizzeri et al.,
2020
Italy

Application fre-
quency

Days 0,7, 14, 21

Days 0, 3,7, 14

Lalnunpuii et al.,
2020
India

Days 0, 3, 7, 14 first
month, and every
15 days until retrac-

on i Toted
tion is completed

Canine retraction speed (average + SD mm)

Control

Month 1: 0.85+0.23

Month 1: 1.35+018

Month 1
Right: 0.25+0.48
Left: 0.5+0.04

Laser
Month 1: 1.15+0.29

Month 1: 1.98 +0.33

Month 1

Self-ligating right: 0.60+0.4
Self-ligating left: 0.61+0.9
Conventional right: 0.66+0.17
Conventional loft: 0 68::023

Mistry et al., 2020
Australia

Days 0, 28, 56

Month 1: 0.76 +0.41
Month 2: 1.55+0.66
Month 3: 2.30+0.86

Clinical results

LLLT could have clini-
cal utility in accel-
erating orthodontic
tooth movement
due to biostimulant
effects

LLLT accelerates the
distal movement of
the canines in a sta-
tistically significant
way, 32% during
month 1 of follow-up

LLLT accelerates
orthodontic move-
ment during mass
retraction, regardless

of bracket tvoe

Month 1: 0.79 +0.41
Month 2: 1.71+£0.56
Month 3: 2.55+0.73

There is no significant
difference on tooth
movement rate by

Varella et al., 2018
India

Arumughan et al.,
2018
India

Guram et al., 2018
India

3 consecutive days.
Weeks 1,4, 8

Days 0, 21, 42, 63

Weekly for 21 days

Month 1: 0.75+0.31
Month 2: 1.275+0.27
Total: 2.025 +0.558

Month 3: 4.43 +1.022
Rate: 0.5+0.242

Month 2: 078 +0.013
Month 3: 0.87+0.014
Final: 0.97+0.011

Month 1: 1.55+0.258
Month 2: 2.90+0.376
Total: 4.45+0.574

Month 3:3.31+1.013
Rate: 0.694 +0.243

Month 2: 1.17+0.15
Month 3: 1.78 +£0.28
Final: 1.97+0.21

Grajales M, Rios N, Jiménez O, Méndez J, Sanchez K, Garcia H.

4 weeks

Laser therapy acceler-
ated orthodontic
movement almost
twice and increased
the level of IL-1p

Laser therapy acceler-
ates orthodontic
movement by 12.55%
compared to a con-
ventional retraction
technique

Laser therapy can
increase the speed of
orthodontic move-
ment and reduce pain
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Uretiirk et al., 2017

Turkey

Days 0, 3,7, 14, 21,
30, 33, 37, 44, 51,
60, 63, 67,74, 81,
84,90

Month 1: 0.94+0.49
Month 3: 2.77+1.49

Month 1: 1.32+0,5
Month 3: 3.9 +1.41

There was a significant
difference between
the amount of distali-
zation of the canine
of the experimental
group and the control
group. The speed
of tooth movement
increased by average
of 40%

{Yassaci et al., 2016
Iran

.

Days 0, 7, 14, 21,
28 each month
until retraction is
completed

Start: 2.21+0.09

Month 1: 1.99+0.17
Month 2: 1.82+0.27
Month 3: 1.73+0.17
Month 4: 1.59+0.15

Start: 2.22+0.12

Month 1: 1.98+0.19
Month 2: 1.77 +£0.31
Month 3: 1.68+0.20
Month 4: 1.57 +0.14

The efficacy of the )
diode laser in accel-
erating orthodontic
tooth movement has
not been demon-

Lol

7
Dalaie et al., 2015
Iran

\

Days 3,7, 30, 33, 37,
60, 63, 67

Day 3:0.83+1.23
Day 30: 2.49+0.98
Day 60: 4.5+0.23

nw 62572012

Day 3:0.75+1.32
Day 30: 2.61 +1.59
Day 60: 4.98+0.78

nw £2..579. 078

R —

There was no sig-
nificant difference
between experi-

mentalandcontol/

SO,

&ansal etal., 2014
India

Days 1,3,7, 14, 21,
28, 35,42, 49, 56

Day 1-35: 1.762+1.584
Day 35-63: 1.533+0.97
Day 1-63: 3.295+2.364

Day 1-35: 1.689+1.201
Day 35-63: 1.845+1.203
Day 1-63: 3.534+2.302

No significant differ- \
ence in tooth move-
ment speed during
canine retraction
between both groups.
No evidence of
pathological changes

in radiographs

Kochar et al., 2017
India

Qamruddin et al.,
2017
Pakistan

Days 0, 3, 7 each
month

Days 0, 21, 42

Month 2: 0.86 +0.017
Month 4: 0.92+0.023
Final: 0.94+0.014

Month 2: 0.79+0.35

Month 2: 1.13+0.13
Month 4: 1.86+0.86
Final: 1.92+0.16

Month 2: 1.60+0.38

A significant differ-

ence was observed
between the irradi-
ated group and the
control group

Laser therapy is benefi-

cial, it can double the
speed of orthodontic
tooth movement

and reduce pain at
3-week intervals

Grajales M, Rios N, Jiménez O, Méndez J, Sanchez K, Garcia H.
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Pereira et al., 2014
Brazil

Brazil

Days 30, 60, 90

Days 30, 60, 90

Month 1: 1.90 +£0.71
Month 2: 2.75+1.42
Month 3: 1.23+1.35

Month 1: 0.65+0.24
Month 2: 1.52+0.89
Month 3: 1.50+0.55

Month 1: 2.27 +0.70
Month 2: 3.05+1.25
Month 3: 1.35+1.11

Month 1: 0.53+0.43
Month 2: 1.53+0.70
Month 3: 2.08 +1.33

Laser therapy was not

efficient in accelerat-
ing the induced tooth
movement

Laser therapy was not
effective on tooth
movement only dur-
ing the first month

Doshi-Mehta et al.,
2012

India
—

e
Sousa et al., 2011

Days 0, 3, 7, 14, and
15 days

Days 0, 3, 7, 30, 33,

Month 3: 0.66+0.55
Month 4.5: 0.84 +0.21

Month 1: 0.42+0.29

Month 3: 1.43+0.15
Month 4.5: 1.17+0.22

Month 1: 1.16 £0.51

Laser therapy can be
used to accelerate
tooth movement.
There was statistical
significance

The movement of

Brazil 37, 60, 63, 67 Month 2: 0.80+0.49 Month 2: 2.05+0.93 laser-irradiated
Month 3: 1.60+0.63 Month 3: 3.09+1.06 canines was statisti-
e —— cally greater than
control group
rLimpam'chkul etal, Days0,1,2 Month 1: 0.38+0.08 Month 1: 0.32+0.08 Laser therapy had no
2006 Month 1, 2,3 Month 2: 0.74+0.13 Month 2: 0.73 +0.13 effect on the speed
Thailand Month 3:1.24 +0.21 Month 3:1.29+0.21 of orthodontic tooth
\ movement during the
3 MONTN period
Cruz D et al., 2004 Days 0, 3,7, 14,33, Day 60: 3.30+0.24 Day 60: 4.39+0.27 Canine retraction
Brazil 37,44 experimental
group was 34%

more effective than
control group. Laser
application acceler-
ated orthodontic
movement

A=wavelength, expressed in nm.

Grajales M, Rios N, Jiménez O, Méndez J, Sanchez K, Garcia H.
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. Low risk

? Some concerns

‘ High risk

Unique ID

Study ID

the reported

sult

Selection of

Study 1

Arumughan et al.,

;

2018 @ : 2
Study 2 ;;';;npuii etal, ‘ .
Study 3 ggllasie etal, @ ,
Study 4 ;8;';“ etal, @ ,
Study 5 ‘zfgslssaei etal,, @ ,
Study 6 ;&1)24& al,, @ R
Study 7 g;rl\:al etal, @ ,
Study 8 ?gln;ruddin etal., @ B
Study 9 ':}T;g;i:hkul et @ R
Study 10 I:Iis;‘g;gema et @ ,
Skl T O B
Study 12 ;;{:ira etal, @ ,
Study 13 2%3120“13 etal, @ ,
Study 14 ggl;sla etal., @ ,
Study 15 ;g:fl‘g etal, @ .
Study 16 ‘;;;;lla etal, @ ,

Impellizzeri et al.,
Study17 2020 @
et A O B
Study 19 ZM(:;:)W etal, . ‘

2 estudios — Bajo riesgo sesgo.

16 estudios no informaron el protocolo

SELECCION DE RESULTADO INFORMADO
investigacion con su plan de analisis de datos.

b Assignment to intervention (the 'intention-to-treat' effect)

Overall Bias [N
Selection of the reported result |

Measurement of the outcome

Deviations from intended i

|
Mising outcome data |

I

I

Randomization process

10 20 30 40 50 60 70 80 90 100
Percentage

®Lowrisk © Some concerns

Figura 2.
a. Evaluacion del riesgo de sesgo (RoB-2).

b. Datos colectivos para riesgo de sesgo, segliin dominios RoB-2.

de |

Grajales M, Rios N, Jiménez O, Méndez J, Sanchez K, Garcia H.
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COLOMBIANO £ E '8 g £ ,
it Eé PROCESO DE ALEATORIZACION
® o~ w1 get @ @ 7 estudios no reportaron cémo se realizd el proceso
? somencems  suy2  Gmeien. @y @) de ocultamiento de la secuencia de asignacion de los
@ - R participantes a cada grupo. )
Study 4 g::r;ar etal, ? ?
Study 5 Yassaei et al., ? ( \
::e(a, . DESVIACIONES DE LAS INTERVENCIONES PREVISTAS
study6 o ? ?
R D @ 12 estudios no_informaron si se habia realizado un
2014 sge o . . .7
st @ @ analisis para estimar el efecto de la asignacion a la
Study 8 ” N .7 . .7
i intervencion o una estimacion de la muestra a
s e @ estudiar.
o e (@) (@) J
Study 11 ;‘)‘;;’“e‘ al, ? . b Assignment to intervention (the 'intention-to-treat' effect)
Study 12 z!:]elr:ira etal, . 2 o me;au Buals -
swgjga; 0 PEASA ‘ ? Measurement of the outcore
Study 14 Sousa etal., 2 2 Mising outcome data |
2011 Deviations from intended interventions  INEEEG—
suay1s; SRS . ? Randomization process G
5mdv 16 \zlgiesua etal, . . 0 10 20 30 40perc::tageﬁo 70 80 90 100
e X EP——
Uretiirk et al., Figura 2
stugy1g Uretirketal, ?
= . 4 a. Evaluacién del riesgo de sesgo (RoB-2).
Mistry et al., ’ «
SIS o0 . . b. Datos colectivos para riesgo de sesgo, segiin dominios RoB-2.

Grajales M, Rios N, Jiménez O, Méndez J, Sanchez K, Garcia H.
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4 RESULTADO FALTANTE )

COLEGIO ODONTOLOGICO Unique 1D Stucy I ,g
COLOMBIANO !g P
if Eif 15 estudios no presentaron diagrama de flujo
® - sus Aumasrenec (@ (@) (CONSORT). Se obtuvieron resultados para todos
I N | los participantes, sin pérdidas de pacientes o
® s mes @) @ \_ resultados faltantes. )
-5 @ @ - S
s et @ @ MEDICION DEL RESULTADO
e 0 Métodos e instrumentos de medicion adecuados y
sy e @ @ debidamente validados; disefio a boca dividida
s Smsenetsl (@ (@) elimind la influencia de variables bioldgicas.
suys S @) @ \_ J
suapio Smeveract (@) @)
Study 11 ‘25;;:"‘9‘3'-' . . Assignment to intervention (the 'intention-to-treat' effect)
et @@ T
stuay1s s etal . . Measurement of the outcome
swe 550 @) @ . e—
Swdy1s  Zengetal, . . Randomization process N
Study 16 \ZI;;;IIaetal., . . Coer “Operc::tag:o e
study 17 Izr\‘O\;;IIizxeri etal., . . mLowrisk ' Some concerns
sz . . :tg:vraaluzz.acién del riesgo de sesgo (RoB-2).
Swdy1g  HeoV e SN b. Datos colectivos para riesgo de sesgo, segiin dominios RoB-2.

Grajales M, Rios N, Jiménez O, Méndez J, Sanchez K, Garcia H.
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~ EFECTO DE LLLT EN LA ACELERACION DE LA
RETRACCION CANINA

Laser Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Da Costa Perelra 2014 2.27 0.7 11 19 9.71 11 50% 0.37 [-0.22, 0.9§]
Dalake 2015 261 1.58 12 2.49 0.98 12 2.8% 0.12 [-0.04, 1.1K] >
De Souza 2014 0.53 0.43 11 0.65 0.24 11 0.4X -0.12 [-0.41,0.17] —_—T
Impelizzerl 2020 198 0.33 B 1.35 0.18 B 9.8% 0.63[0.37,0.89] e —
Kansal 2014 1.69 1.2 10 1.76 1.58 10 2.2% -0.07 [-1.30, 1.18] ¢ >
Lmpanichkul 2006 0.32 0.08 12 0.38 0.08 12 11.6% -0.06 [-0.12, 0.00] —]
Mistry 2020 0.79 041 21 0.76 0.41 21 10.0% 0.03 [-0.22, 0.28] . L—
Souza 2011 1.16 051 10 0.42 0.29 10 B.5% 0.74 [0.38, 1.10] _
Ureturk 2017 1.32 0.5 15 0.94 0.49 15 B.6X 0.358 [0.03,0.73] —
Varella 2018 1.55 0.258 10 0.75 0.31 10 8.9  0.80 [0.55, 1.05] _—
Yassael 2016 198 0.18 11 1.89 9.17 11 11.0% -0.01 [-).1§, 0.14] —_—
Zheng 2021 1.15 0.28 12 0.85 0.23 12 10.4%X  0.30 [0.09, 0.51] —_—
Total 143 143_100.0% | 0.28 [0.07, 0.48] | .
Heterogenehty: Tau? = 0.09; ChE = 80.64, df = 11 (P < 0.00001)}]F = BBHI _d' 5 _0125 ) '25 015

Test for overall effect: Z = 2.67 (P = 0.006) Favours [Control] Favours [Laser]

[ Figure 3A. Forest plot de la comparacidn entre lo grupos LLLT y control en el mes 1 (12 estudios). ]

Grajales M, Rios N, Jiménez O, Méndez J, Sanchez K, Garcia H.



-

1
v Laser Control Mean Difference Mean Difference
U n I c O c Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
- Cruz 2004 439 0.27 11 3.3 0.24 11 9.6% 1.09 [0.88, 1.30] -
COLEGC@L%?\/IOB'\I‘;(I\)I(LDOG‘CO DaCosta Perelra 2014  3.05 1.25 11 275 142 11  2.6% 0.30 [-0.82, 1.42] _—
Dalale 2015 498 0.78 12 45 0.23 12 7.0% 0.48[0.02,0.94] —
De Souza 2014 153 0.7 11 1.52 0.89 11 5.1% 0.01 [-0.686, 0.68] —
Guram 2018 117 0.15 20 0.78 0.013 20 10.6% 0.39[0.32,0.46] -
Kansal 2014 1.85 1.2 10 153 0.97 10 3.3% 0.32 [-0.64, 1.28]  —
Kochar 2017 1.13 0.13 20 0.86 0.017 20 106X 0.27[0.21,0.33] -
Umpanichkul 2006 0.73 0.13 12 0.74 0.13 12 10.4%X -0.01 [-0.11, 0.09] T
Mistry 2020 1.71  0.56 21 155 0.68 21 B.0X 0.16 [-0.21,0.53] T
Qamrwddin 2017 1.6 0.38 22 0.79 0.35 22 96X 0.81[0.59,1.03] -
Souza 2011 205 0.93 10 08 048 10 5.2%  1.25 [0.60, 1.90] I
Varella 2018 2.9 0.376 10 1.275 0.27 10 B.9%  1.63[1.34,1.91] —_
Yassael 2016 1.77 031 11 182 0.27 11  9.3% -0.05[-0.29,0.19] -1
Tot 181 18 00.0% |0.52 [0.31, 0.73] | <&
Hetelog =Tau® = 0.10; ChF = 213.50, df = 12 (P < 0.00001)) F = 94% | . — 3 i 3

Test for overall effect: Z = 4.92 (P < 0.00001) Favours [Control] Favours [Laser]

Figure 3B. Forest plot de la comparacién entre lo grupos LLLT y control en el mes 2 (13 estudios).

Laser Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI
Arumugham 2018 3.31 1.013 12 4.43 1.022 12 B.2% -1.12 [-1.93, -0.31] —
Da Costa Perelra 2014 1.35 1.11 11 1.23 1.35 11 &7% 0.12[-0.91, 1.15] —
De Souza 2014 208 133 11 1.5 0.55 11 7.9% 0.58 [-0.27, 1.43] —
Doshi-Mehta 2012 1.43 0.15 20 066 0.55 20 12.4% 0.77 [0.52, 1.02] —
Guram 2018 1.78 0.28 20 0.87 0.014 20 13.0% 0.91 [0.79, 1.03] -
Umpanichkul 2006 1.2 90.21 12 1.24 0.21 12 12.8% 0.05[-0.12,0.22] -+
Mistry 2020 255 0.73 21 23 088 21 10.9% 0.25[-0.23,0.73] -1
Souza 2011 3.09 1.08 10 16 083 10 B.6% 1.49 [0.73, 2.25]
Ureturk 2017 39 141 15 2.77 1.49 15 &.6% 1.13 [0.09, 2.17]
Yassael 2016 1668 0.2 11 1.73 0.17 11 12.9% -0.05 [-0.21,0.11] -
Tot 143 4 00.0% | 0.41 [0.03, 0.79] | S
Heu‘ = 0.29; ChP = 146.01, df = 9 (P < 0.00001f; F = 94% | T | ;

{
Test for owverall effect: Z = 2.10 (P = 0.04) Favours [Control] Favours [Laser]

Figure 3C. Forest plot de la comparacion entre lo grupos LLLT y control en el mes 3 (10 estudios).

Grajales M, Rios N, Jiménez O, Méndez J, Sanchez K, Garcia H.
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Laser Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Dosh-Mehta 2012 1.17 .22 20 0.84 0.21 20 33.4x  0.33 [0.20, 0.46] =
Kochar 2017 1.86 0.3& 20 0.92 0.023 20 33.1x 0.94 [0.78, 1.10] -
Yassael 2016 1.57 0.14 11 159 9.15 11 33.5% -0.02 [-0.14, 0.10]

Tot 51 5 0002 | 0.41 [-0.11, 0.94]
Heterogenelty: 1au’ = 0.21; C BO.I5:¢if = 2 (P < 0.00001); F = 98X ] 3 %
Test for overall effect: Z = 1.5

Favours [Control] Favours [Laser]

Figure 3C. Forest plot de la comparacién entre lo grupos LLLT y control en el mes 4
(3 estudios) (p > 0.05).
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EFECTO DE LA LONGITUD DE ONDA (1) EN LA ACELERACION
DEL MOVIMIENTO DENTAL ORTODONCICO

< 810 nm se asocié con un movimiento mas rapido durante el segundo,
tercer y cuarto mes de la retraccion del canino superior.

Wavelength Number MD CI95% P
of studies

First month (<810 nm) 5 024 [-0.04t00.51] 75%

First month (>810nm) 7 0.3 [0.00 to 0.6] 91%

Second month 7 0.5 [0.29t00.72] 91%
(<810 nm)

Second month 7 0.54 [-0.01to01.09] 97%
(>810 nm)

Third month (<810 nm) 7 0.51 [0.13t00.9] 83%

Third month (>810nm) 3 0.05 [-0.18t00.28] 62%

Fourth month 2 0.63 [0.04t01.23] 97%
(<810 nm)

Fourth month 1 (-0.02) [-0.14t00.1] NA
(> 810 nm)

Tabla 2. Analisis de subgrupo basado en la longitud de onda del laser.
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EFECTO DE LA DENSIDAD DE ENERGIA (J/cm?) EN LA
ACELERACION DEL MOVIMIENTO DENTAL ORTODONCICO

< 5.3 J/cm? se asocié con un movimiento mas rapido durante el primer,
segundo, y cuarto mes de la retraccion del canino superior.

Energy density Number MD CI 95% P
of studies

First month (<5.3) 5 0.56 (0.39a0.74) 0%
First month (>5.3) 7 0.17 (-0.0520.38) 89%
Second month (£5.3) 6 0.59 (0.3620.81) 92%
Second month (>5.3) 7 0.42 (-0.07a0.92) 96%
Third month (<5.3) 4 0.9 (-0.75a1.05) 15%
Third month (>5.3) 6 0 (-0,2220.23) 54%
Fourth month (<5.3) 2 0.63 (0.04 a 1.23) 97%
Fourth month (>5.3) 1 (-0.02) (-0.14a0.1) NA

Tabla 3. Andlisis de subgrupo basado en la densidad de energia del laser.
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Alta
heterogeneidad
en los estudios
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Esta revision
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movimiento . o e
I ’
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permitieron muestra a riesgo de sesgo

grupos tratados s . o

acceso publico a estudiar. moderado”.

con LLLT.
los protocolos.

Zheng et al (2021) LLLT produce cambios en el metabolismo
dseo, lo que podria acelerar el movimiento
dental ortoddncico. (27)

(27). Zheng J, Yang K. Clinical research: low-level laser therapy in accelerating orthodontic tooth Grajales M, Rios N, Jiménez 0, Méndez J, Sanchez K, Garcia H.

movement. BMC Oral Health. 2021;21(1):324.
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Los fotones emitidos
por LLLT son
absorbidos por la

cCo y cromoforos.
(28)

o /

(28).

4 Tejidos blandos \ 4 N

intraorales: Melanina,
hemoglobina y agua.

Tejidos duros dentales:

Hidroxiapatita y agua. (42,
43)

Alta grado de
penetracién en las
células dseas. (a5)

(28). Impellizzeri A, Horodynski M, Fusco R, Palaia G, Polimeni A, Romeo U, et al. P bi dulation therapy on orthodonti

protocol. Int J Environ Res Public Health. 2020;17(10).

: Analysis of prelimis studies with a new

(42). Cruz DR, Kohara EK, Ribeiro MS, Wetter NU. Effects of low-intensity laser therapy on the orthodontic movement velocity of human teeth: A preliminary study. Lasers Surg Med.

2004;35(2):117-20.

ion for Tooth N A ion in Orthodontics: A

(43). Dominguez Camacho A, Montoya Guzman D, Velasquez Cujar SA. Effective Wavel Range in Photobi
Systematic Review. Photobiomodul Photomed Laser Surg. 2020 Oct;38(10):581-590.
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Orthodontic forces Micro-Osteoperforation

Inflammation

Cytokines

Bone Remodeling

Tooth Movement

i
https://dentistamedicasur.com.mx/formas-para-acelerar-el-tiempo-del-tratamiento-de-ortodoncia/

* Sintesis de fibronectina:
P.rollferauon y diferenciacion de Aceleracion de
fibroblastos.

* bFGF: Angiogénesis y remodelacién movm)ler.lto dental
de tejidos. ortoddncico. (s,36,45)

. IL-1B

* IL-6

- TNF-a

(6). Varella A, Revankar A, Patil A. Low-level laser therapy increases interleukin - 1B in gingival crevicular fluid and enhances the rate of orthodontic tooth movement. Am J Orthod Dentofacial
Orthop. 2018;154:535-544.e5.
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Lasers Med Sci. 2016;31(9):1751-9.
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<810 nm

4 )

 Dominguez, et al. Reportaron 780 a 809
nm dosis eficiente. (43)

« Karu concluye que el mayor pico de
absorcion a nivel de la cCo (800 nm). (50)

= J

iografica. Universidade de Sdo Paulo; 2014. Tesis de

(38). da Costa Pereira SC. Influéncia do laser de baixa intensidade na i do ortodontica - iagdo clinica e r
doctorado.

2010 Oct 9;135:507-11.

(41). Sousa MV, Scanavini MA, Sannomiya EK, Velasco LG, Angelieri F. Influence of low-level laser on the speed of orthodontic movement. Photomed Laser Surg. 2011;29(3):191-6.
Acceleration in Orthodontics: A

(43). Dominguez Camacho A, Montoya Guzman D, Velasquez Cujar SA. Effective length Range in P i ion for Tooth
Systematic Review. Photobiomodul Photomed Laser Surg. 2020 Oct;38(10):581-590.
(50). Karu TI. Multiple roles of cytochrome c oxidase in mammalian cells under action of red and IR-A radiation. [lUBMB Life. 2010;62(8):607-610.

/" Sousa et al., Pereira et al. )
Resultados contradictorios: 780
nm, densidad de energia
diferente por punto de
aplicacion. (3s, 41)

- J

Grajales M, Rios N, Jiménez O, Méndez J, Sanchez K, Garcia H.




unicoc

COLEGIO ODONTOLOGICO

DENSIDAD DE ENERGIA

4

< 5.3 J/cm?

Limpanichkul et al.,
utilizaron una densidad de
energia de 25 J/cm?y de 23
segundos por punto. (7) )

\ 4

Dosis de aplicacion alta:
Inhibicion en la estimulacion
del movimiento dental
ortoddncico.

Ge, et al. Reportaron 5y 8
J/cm? dosis efectiva. (sq)

\_

’ 7 7 z s
(7) Limpanichkul W, Godfrey K, Srisuk N, Rattanayatikul C. Effects of low-level laser therapy on the rate of orthodontic tooth movement. Orthod Craniofacial Res. 2006;9:38-43. Grajales M’ Rlos N, Jimenez o, Mendez .l’ SanChez K, GarCla H-

(54). Ge MK, He WL, Chen J, Wen C, Yin X, Hu ZA, Liu ZP, Zou SJ. Efficacy of low-level laser therapy for accelerating tooth movement during orthodontic treatment: a systematic
review and meta-analysis. Lasers Med Sci. 2015; 30(5):1609-1618.
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CONCLUSIONES

\_

4 )
 Longitudes de onda £ 810 nm y densidad de energia < 5.3
J/cm? se asocian con un aumento significativo en la aceleracion
del movimiento dental ortoddncico.
\_ J
4 )

Debido a la alta heterogeneidad (tamafo de muestra, edad,
mecanica y configuracion de irradiacion) los resultados no

pueden ser extrapolados.

J
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RECOMENDACIONES

4 A

Investigaciones futuras deben centrarse en mejorar la calidad
metodoldgica para reducir el riesgo de sesgo y mejorar la solidez
de los resultados, asi como estandarizar los diferentes
parametros de aplicacion laser para crear protocolos de
aplicacion uniformes y predecibles. /
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