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ABSTRACT

Introduction: Fixed-appliance orthodontic treatment lasts around 20 months, and prolonged treatment increases the risk of root resorp-
tion and enamel demineralization. Photobiomodulation with low-level laser or light-emitting diode light has been proposed to accelerate
tooth movement, but reviews reach discordant conclusions. Methods: Systematic review reported according to PRISMA 2020. PubMed,
OpenAlex, Crossref and Scopus were searched for randomized and controlled clinical trials (2015-2023) comparing low-level laser or li-
ght-emitting diode photobiomodulation with no or sham irradiation for the rate of tooth movement in patients with fixed appliances. Risk
of bias was assessed with the Cochrane RoB 2 tool. A meta-analysis was not performed because of clinical heterogeneity. Results: Ten trials
with 264 participants were included. Seven reported a statistically significant acceleration of tooth movement with photobiomodulation,
two reported no significant difference and one reported a shorter time to space closure with similar total movement. Reported effects
ranged from a cumulative canine retraction of 4.45 mm versus 3.16 mm over 12 weeks to an alignment rate of 1.27 mm per week versus
0.44 mm per week. Effects concentrated in the red and near-infrared range (650-980 nm), whereas the single blue-light trial found no
effect. One trial was at low risk of bias, seven had some concerns and two were at high risk. Conclusions: Near-infrared low-level laser
photobiomodulation appears to accelerate short-term orthodontic tooth movement, but the certainty of this evidence is limited by risk
of bias, small samples and heterogeneous protocols. Standardized, prospectively registered trials are needed before routine clinical use.

Keywords: low-level light therapy; photobiomodulation; tooth movement techniques; orthodontics; randomized controlled trial.

RESUMEN

Introduccion: El tratamiento ortodéncico con aparatologia fija dura unos 20 meses y su prolongaciéon aumenta el riesgo de reabsorcion
radicular y desmineralizaciéon. La fotobiomodulacién con laser de baja intensidad o diodo emisor de luz se ha propuesto para acelerar
el movimiento dentario, pero las revisiones llegan a conclusiones discordantes. Métodos: Revision sistematica segun PRISMA 2020. Se
buscé en PubMed, OpenAlex, Crossref y Scopus ensayos aleatorizados y controlados (2015-2023) que compararan fotobiomodulacion
frente a ausencia de irradiacién o irradiacion simulada sobre la velocidad del movimiento dentario en pacientes con aparatologia fija. El
riesgo de sesgo se evalud con RoB 2. No se realizé metaanalisis por heterogeneidad clinica. Resultados: Se incluyeron diez ensayos con
264 participantes. Siete informmaron una aceleracién estadisticamente significativa, dos no hallaron diferencias y uno informé un menor
tiempo de cierre con movimiento total similar. Los efectos abarcaron desde una retraccién canina de 4,45 mm frente a 3,16 mm en 12
semanas hasta una velocidad de alineacion de 1,27 mm por semana frente a 0,44 mm por semana. Los efectos se concentraron en el
rango rojo e infrarrojo cercano (650-980 nm), mientras que el Unico ensayo con luz azul no hallé efecto. Un ensayo tuvo riesgo bajo, siete
algunas preocupacionesy dos riesgo alto. Conclusiones: La fotobiomodulacién con laser de baja intensidad en el infrarrojo cercano parece
acelerar el movimiento dentario a corto plazo, pero la certeza es limitada por el riesgo de sesgo, las muestras pequefas y los protocolos
heterogéneos. Se requieren ensayos estandarizados y registrados prospectivamente.

Palabras clave: terapia por luz de baja intensidad; fotobiomodulacién; técnicas de movimiento dentario; ortodoncia; ensayo clinico
controlado aleatorio.
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INTRODUCTION

Fixed-appliance orthodontic treatment corrects malocclusion through controlled tooth move-
ment, yet the process remains slow and this is one of the main reasons patients decline or interrupt
care. The Cochrane review of non-surgical adjuncts reports an average treatment duration of about
20 months, with a range that commonly reaches two to three years, and prolonged treatment is
associated with external apical root resorption, enamel demineralization, gingival inflammation
and declining patient compliance.(1,2) These adverse outcomes, together with the demand of adult
patients for shorter treatment, have made acceleration of tooth movement a research priority in
orthodontics.(3)Acceleration strategies are broadly divided into surgical procedures, such as cor-
ticotomy and piezocision, and non-surgical adjuncts, among which photobiomodulation stands
out because it is painless, reversible and free of the morbidity associated with cutting bone.(3,4)

Tooth movement depends on remodeling of the periodontal ligament and alveolar bone,
an inflammatory and mechanically regulated process in which compression and tension of the
ligament recruit osteoclasts and osteoblasts.(5,6) Photobiomodulation, also termed low-level light
therapy or low-level laser therapy, delivers red or near-infrared light that is absorbed by cytochro-
me c oxidase in the mitochondria, increasing adenosine triphosphate production and modulating
oxidative and inflammatory signaling without heating the tissue.(7,8) In orthodontics, low-level
laser and light-emitting diode devices have been tested for accelerating tooth movement, but
published systematic reviews reach discordant conclusions, and protocols differ widely in wave-
length, energy density, application points and frequency.(9-12)The response is dose-dependent
and follows a biphasic curve, in which too little energy produces no measurable effect and too
much energy can abolish the benefit, so the choice of wavelength and energy density is central
to any clinical translation.(13,14) Several prior syntheses are limited by narrow outcomes, by mixed
populations that include children and adults without stratification, or by bibliographic windows
that exclude recent trials, which justifies an updated appraisal of the question.(15,16) Light-emitting
diodes deliver the same red and near-infrared wavelengths with lower coherence and lower cost
than lasers, which has expanded the range of devices tested and introduced a further source of
variability across studies.(17)

The aim of this systematic review was to synthesize the evidence on photobiomodulation
for accelerating orthodontic tooth movement in patients with fixed appliances. Three questions
guided the review. P1, does low-level laser or light-emitting diode photobiomodulation increase
the rate of tooth movement compared with no or sham irradiation? P2, does the effect vary by
light source, wavelength or irradiation protocol? P3, what is the risk of bias of the included trials
and the resulting confidence in the estimates?

METHODS

A systematic literature review was conducted following the PRISMA methodology.(18)Eligi-
bility was defined by the elements needed to answer P1and P2. Population, patients undergoing
orthodontic tooth movement with fixed appliances, without restriction by age or malocclusion. In-
tervention, photobiomodulation delivered by a low-level laser or a light-emitting diode, irrespective
of wavelength or application schedule. Comparison, no irradiation or sham irradiation, including
the contralateral quadrant or side in split-mouth designs. Outcome, the rate of tooth movement
expressed in millimeters per week or per month, cumulative movement in millimeters, or the time
required to complete a defined movement or space closure. Designs, randomized controlled trials
and controlled clinical trials published between 2015 and 2023, the bibliographic window of this
review. Animal studies, laboratory studies, case reports and studies whose primary outcome was
root resorption or pain were excluded. No restriction was placed on the country of origin, and the
search was not limited by language, although full-text screening depended on documents rea-
dable in English, Spanish or Portuguese. The lower bound of 2015 was chosen to include the first
controlled trials with light-emitting diodes and to exclude the earliest laser reports whose devices
and dosimetry predate current photobiomodulation practice, while the upper bound reflects the
volume-year constraint of this review.

Information sources and search

The search strategy (PubMed, OpenAlex, Crossref) combined terms for photobiomodulation
with terms for orthodontic tooth movement. The main query was “photobiomodulation orthodon-
tic tooth movement”, complemented by “low-level laser therapy orthodontic tooth movement”,
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“low level light therapy tooth movement acceleration” and “light-emitting diode orthodontic tooth
movement”. Each query was run in each source, and for PubMed the equivalent structured string
was (photobiomodulation OR low-level light therapy OR low-level laser therapy OR light-emitting
diode) AND (tooth movement OR orthodontic tooth movement). A complete log of every query,
source, date and number of records retrieved was retained so that the search can be reproduced.
Citation chasing of the included studies was not performed. The four sources were chosen becau-
se PubMed and Scopus provide the largest biomedical and dental coverage, while OpenAlex and
Crossref additionally expose open-access full texts that some publisher sites block to automated
retrieval. Records were restricted to the window 2015-2023, and no record published after 2023
was retained.

Selection process

Records were deduplicated by digital object identifier and, when this was absent, by normali-
zed title and year, and then screened in two stages. Titles and abstracts were screened against the
eligibility criteria, and uncertain records proceeded to full text. Full texts were retrieved only from
legitimate open-access locations, including publisher open-access portals and open repositories,
and screened again against the criteria. Screening was assisted by automated tools and verified
by the author; it did not involve two independent reviewers, and this single-reviewer procedure
is declared in the limitations. Reports that could not be retrieved as open-access full text were
recorded as not retrieved rather than excluded on the basis of the abstract alone. The reasons
recorded at title and abstract screening were the study design, namely animal studies, reviews,
editorials or case reports, an outcome other than the rate of movement, and lack of relevance to
orthodontic tooth movement.

Data extraction

The author, year, country, design, sample, movement evaluated, device and wavelength,
irradiation protocol, comparator, outcome and the main estimate with its measure of dispersion
were extracted into a structured table, with each datum recorded together with its location in the
source document. The irradiation protocol, including wavelength, energy density and application
schedule, was extracted specifically to support the subgroup description that answers P2. When
a study reported several time points, both the final cumulative value and the rate, when available,
were extracted. When a study did not report a measure of dispersion or the exact sample per arm,
the value was recorded as not reported rather than imputed, and no contact with the authors was
attempted.

Risk of bias

Randomized trials were assessed with the Cochrane risk-of-bias tool for randomized trials
(RoB 2) across its five domains, namely the randomization process, deviations from intended in-
terventions, missing outcome data, measurement of the outcome and selection of the reported
result. The controlled clinical trial without randomization was flagged as at high risk, because the
absence of random allocation and the use of different bracket systems between groups confound
the comparison.(19,20) Judgments were based only on what the reports stated; missing informa-
tion was not assumed to indicate low risk. A judgment of some concerns was applied whenever
a report omitted the method of sequence generation or concealment, when the blinding of the
outcome assessor was not described, or when the handling of missing data was unclear. A ju-
dgment of high risk was reserved for the non-randomized comparison and for the trial in which
neither participants nor assessors were blinded. The judgments were recorded per study and per
domain so that each trial could be weighed in the synthesis according to its specific weaknesses
rather than by a single global label.

Certainty of the evidence

The certainty of the evidence was considered for the main comparison, namely the rate of
tooth movement, following the domains of the GRADE approach.(21)Risk of bias was judged se-
rious because most trials raised some concerns and two were at high risk. Imprecision was serious
because several trials enrolled fewer than 30 participants and the dispersion around the reported
rates was wide. Inconsistency could not be quantified without a pooled estimate, but the presence
of two null trials alongside seven positive ones indicates moderate clinical heterogeneity. Indirect-
ness was limited, because every trial measured tooth movement in patients with fixed appliances,
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although the specific movements differed. Publication bias could not be excluded, because the
review relied on published reports and retrieved only open-access full texts. Taken together, the
certainty of the evidence was graded as low to very low, meaning that the true effect could differ
substantially from the point estimates reported here.

Effect measures and synthesis

Movement was expressed by each trial in heterogeneous units, so estimates were tabulated
per study and synthesized narratively rather than pooled. A meta-analysis was not performed
because the outcome constructs, namely weekly or monthly rate, cumulative distance, residual
space and time to closure, and the follow-up durations differed across trials, and several trials did
not report measures of dispersion. Subgroup descriptions by light source and by wavelength band
were planned to answer P2 but remained descriptive because of the small number of studies per
subgroup. Because a simple count of statistically significant studies can be misleading when power
differs across trials, the synthesis relied on the direction and magnitude of each estimate rather
than on the number of p-values below a threshold. The certainty of the evidence was considered
gualitatively following the GRADE logic, without producing a formal evidence profile.(21)A pooled
analysis would have forced together millimeters per week, millimeters per month, cumulative
distances over different periods and residual-space measures, and the resulting average would
not correspond to any single clinical quantity, which is why the review reports the estimates side
by side instead.

RESULTS

Study selection

The searches identified 350 records, 100 from PubMed, 100 from OpenAlex, 100 from Crossref
and 50 from Scopus. After removing 145 duplicates, 205 records were screened by title and abstract,
of which 158 were excluded and 47 reports were sought for retrieval. Full text could not be retrieved
for 35 reports because they were not available through legitimate open access. Of the 12 reports
assessed for eligibility, 2 were excluded, one for a combined corticotomy plus photobiomodula-
tion intervention without an isolated irradiation comparator and one because the outcome was
interradicular bone changes rather than the rate of movement. This left 10 studies for inclusion
(Figure 1). All the included trials examined patients treated with fixed appliances, which matches
the population of the review question, and none was excluded on the basis of publication year
within the window.

Figure 1. Flow of records through the review.

Note: Numbers are drawn from the PRISMA 2020 flow of this review. Source: Elaborated from the search and screening records.
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The ten included studies enrolled 264 participants, and nine used a split-mouth design that
compared an irradiated quadrant or side with a contralateral control, which reduces interindividual
variability but introduces the possibility of local or systemic carryover (Table 1). Eight trials used
low-level lasers with wavelengths from 650 to 980 nm, and two used light-emitting diodes, one
intraoral at 850 nm and one at 430 to 480 nm. Canine retraction or distalization was the movement
evaluated in eight trials, molar distalization or uprighting in one and anterior alignment in one.
Sample sizes ranged from 6 patients in a pilot trial to 42 patients, and follow-up ranged from 28
days to 12 weeks. The studies were conducted in Egypt, France, China, India, Italy, Thailand and the
United States. One trial described four losses to follow-up among 40 participants, another stated
that all participants completed the study, and the remaining reports did not describe withdrawals.

Table 1. Characteristics of the included studies.

Study (author-year) Country Design Sample Movement evaluated Device and wavelength
Eid 2022 Egypt Split-mouth RCT 20 patients Canine retraction Gl d'?ﬁif ey LD
Perignon 2021 France RET eletezloe 42 patients Cgmne PMGVERAEHIE Diode laser 970 nm
controlled with Class Il elastics
Zheng 2021 China Split-mouth RCT 12 patients Canine retraction Diode laser 810 nm
Jayavarma 2023 India Sfelis el KL ouls 24 subjects Canine retraction Photobiomodulation 10 J
quadrants
Shaughnessy 2016 Jnnieel Controllgd elimnez IZeulezeiz 28 Anterior alignment Intraoral LED 850 nm
States trial arches
Impellizzeri 2020 Italy RET placebp- 6 patlgnts e Canine distalization Laser 650 nm
controlled pilot canines
Prathapan . . . . e GaAlAs diode laser 980
Santhakumari 2023 India Split-mouth RCT 40 patients Canine distalization nm
Kalia 2023 India Sellisiewdn Her 0 PEEniE Canine retraction GaAlAs low-level laser
open label 80 sites
Isola 2019 Italy Split-mouth RCT . réztr:ie:;: e Canine distalization Diode laser 810 nm
Viwattanatipa 2018 Thailand Spllt-mouth er 20 adults Canine retraction LED 430-480 nm
double-blind

Note: RCT = randomized controlled trial; LED = light-emitting diode; PBM = photobiomodulation. Source: Elaborated from the full texts of
the included studies.

Photobiomodulation increased the rate of tooth movement in most trials

Seven of the ten included studies reported a statistically significant acceleration of tooth
movement with photobiomodulation (Table 2). Eid and colleagues measured cumulative maxillary
canine retraction over 12 weeks and reported 4.45 mm (SD 0.13) on the laser side against 3.16 mm
(SD 0.14) on the control side, and both the frequent and the less frequent irradiation schedules
accelerated movement, with no difference between them.(22)Pérignon and colleagues reported
a monthly rate of 1.1 mm (SD 0.7) with a 970 nm diode laser against 0.74 mm (SD 0.6) with pla-
cebo during Class |l elastic treatment.(23)Zheng and Yang observed 115 mm (SD 0.29) of canine
retraction over 28 days on the laser side compared with 0.85 mm (SD 0.23) on the control side.(24)
The largest relative difference came from the intraoral light-emitting diode device studied by Sh-
aughnessy and colleagues, with an anterior alignment rate of 1.27 mm per week (SD 0.53) against
0.44 mm per week (SD 0.20) in the control group.(25)Smaller trials confirmed the same direction,
including a pilot of six patients in which distal displacement after one month was 1.98 mm with
irradiation and 1.35 mm without it,(26)and a split-mouth trial in which residual extraction space
at three months was 0.62 mm (SD 0.21) on the laser side against 2.11 mm (SD 0.24) on the control
side.(27)Kalia and colleagues likewise found a greater reduction of the canine-to-molar distance on
the laser side.(28)Two of the positive trials were placebo-controlled rather than simply untreated.
Pérignon and colleagues used sham irradiation and still detected a difference in the rate, and the
pilot by Impellizzeri and colleagues compared irradiated canines with placebo on the same arch,
which reduces the risk that the results reflect expectation rather than the light itself.(23,26) Three
studies did not show a uniform acceleration.
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Jayavarma and colleagues compared photobiomodulation, piezocision and their combination
against a conventional control quadrant and found no statistically significant difference in the rate
of canine retraction, although the mean rate was higher on the photobiomodulation quadrant at
the first two time points before declining by the third.(29) Isola and colleagues found no difference
in the total space closure, 4.56 mm against 4.49 mm, but a shorter time to complete closure, 84.35
days (SD 12.34) against 97.49 days (SD 11.44).(30) Viwattanatipa and colleagues found no difference
in the total rate of canine movement, 0.28 mm per week with a blue light-emitting diode against
0.27 mm per week with placebo.(31)

Across the movement types, the benefit was not confined to a single measurement. Accele-
ration was reported for canine retraction, for anterior alignment and for molar distalization, which
argues against a movement-specific artifact and in favor of a general biological effect on the remo-
deling of the periodontal ligament.(22,25,30)The magnitude, however, was inconsistent, with fold
changes between roughly 1.4 and 2.9 in the studies that reported both arms, and this variability is
the central reason a single pooled estimate was considered inappropriate.

Several trials also measured secondary outcomes in gingival crevicular fluid. Interleukin-1
beta was higher on the irradiated side in the trials by Eid, Zheng and Prathapan Santhakumari,
and receptor activator of nuclear factor kappa-B ligand rose while osteoprotegerin fell in the trial
by Zheng and Yang, a pattern consistent with accelerated bone resorption on the pressure side.
(22,24,27,28)Pain scores, when reported, did not show a consistent difference between the irradia-
ted and control sides.(23)

Table 2. Outcome data for tooth movement extracted from the included studies.

Study Outcome Photobiomodulation Control Reported p Direction
Eid 2022 Cumulative retraction 12 weeks 4.45 (SD 013) 316 (SD 014) <0001 Favours
(mm) PBM
. Rate of movement (mm/ Favours
Perignon 2021 month) 11(SD 0.7) 0.74 (SD 0.6) 0.037 SE
Zheng 2021 ClrmulEiTve ey 4 115 (SD 0.29) 0.85 (SD 0.23) <005 PRI
weeks (mm) : : : ’ : PBM
. 5 . not No
Jayavarma 2023 Canine retraction rate T1-T3 higher mean T1-T2 lower L .
significant difference
. Favours
Shaughnessy 2016 Alignment rate (mm/week) 1.27 (SD 0.53) 0.44 (SD 0.20) 0.0002 PEM
Impellizzeri 2020 Distal displacement 1 month 198 135 <005 Favours
(mm) PBM
Prathapan . Favours
Santhakumari 2023 Residual space 3 months (mm) 0.62 (SD 0.21) 211 (SD 0.24) <0.01 PBM
Kalia 2023 Canine-to-molar reduction greater lower significant F%Vé’,tj]rs
Isola 2019 Space closure (mm) and time 456, 8435 (SD 12.34) 4.49;97.49 (SD 0456 Faster time
(days) 1.44) only
Viwattanatipa 2018 | Rate of movement total (mm/ 028 027 et _No
week) significant difference

Note: SD = standard deviation. Lower residual space indicates greater space closure. Values are reported as in the original studies. Source:
Extracted from the full texts of the included studies.

The effect concentrated in the red and near-infrared range

The pattern across devices and wavelengths was consistent with the photobiological action
spectrum of photobiomodulation. Six of the eight laser trials, all operating between 650 and 980
nm, reported a statistically significant acceleration, whereas the two light-emitting diode trials
diverged by wavelength (Table 1). The 850 nm intraoral diode produced the largest relative accele-
ration, and the 430 to 480 nm blue diode produced none.(25,31) Irradiation protocols also differed
widely, with applications repeated every three days to every three weeks and reported energy
densities between 6.29 and 66.7 J per square centimeter. No single combination of wavelength,
energy density and frequency was consistently associated with a larger effect, and the trial that
reported the largest absolute difference used a near-infrared laser applied at short intervals, while
the trial with the largest relative difference used a daily near-infrared light-emitting diode.(22,25)
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The two trials that reported the clearest acceleration both delivered near-infrared light, one at
850 nm daily and one at 980 nm at short intervals, whereas the null blue-light trial delivered
light outside this band, which reinforces the interpretation that wavelength, and not the light
source, drives the response.(22,25,31)

The wavelength used within the effective band was nonetheless variable. Three trials used
diodes at 810 nm, two at 980 nm, one at 970 nm and one at 650 nm, and the reported energy
densities ranged from 6.29 J per square centimeter delivered at four sessions to 66.7 J per square
centimeter repeated at baseline and then every two weeks (Table 1). The irradiation schedules were
equally heterogeneous, from a single weekly application to daily home use, and this dispersion
of parameters is the principal obstacle to translating the aggregate positive signal into a clinical
prescription. The two light-emitting diode devices also differed in their mode of use: the 850 nm
intraoral device was worn at home daily, whereas the 430 to 480 nm curing light was applied in
the clinic every three weeks, so the null result of the blue diode could reflect either its wavelength
or its less frequent application, a confound that only a factorial trial could separate.(25,31)

Risk of bias limited confidence in the estimates

One trial was at low risk of bias across all five RoB 2 domains, seven had some concerns and
two were at high risk (Table 3, Figure 2). The most frequent problems were incomplete reporting of
the randomization process and uncertainty about the blinding of outcome assessors. The non-ran-
domized controlled trial by Shaughnessy and colleagues was rated at high risk because the com-
parison groups used different bracket systems, and the open-label split-mouth trial by Kalia and
colleagues was rated at high risk because neither participants nor assessors were blinded.(25,28)
Only the double-blind trial by Viwattanatipa and colleagues reported sufficient safeguards across
all domains to merit a low rating.(31)Within the individual domains, the randomization process was
the item downgraded in the largest number of trials, because several reports described alloca-
tion as random without specifying the sequence generation or its concealment, and the blinding
of the outcome assessor was stated explicitly in only a minority of trials. Missing data raised few
concerns, because most trials measured a short window within a fixed course of treatment and
only one described dropouts; the more consequential weaknesses were therefore in allocation
concealment and outcome blinding.

Table 3. Risk of bias of the included studies (Cochrane RoB 2).

Study D'! . D2 deviations D3 missing D4 outcome D5 selet‘:tlve Overall
randomization data measurement reporting
. Some
Eid 2022 Low Low Some concerns Low Some concerns
concerns
. Some
Perignon 2021 Low Low Some concerns Low Some concerns
concerns
Some
Zheng 2021 Low Low Some concerns Low Some concerns
concerns
Jayavarma 2023 Some Low some Some concerns Some concerns Some concerns
concerns concerns
Shaughnessy 2016 High High Low Some concerns Low High
. . Some
Impellizzeri 2020 Low Low Some concerns Low Some concerns
concerns
Prathapan Some Some
. Low Some concerns Low Some concerns
Santhakumari 2023 concerns concerns
Kalia 2023 seline High Low High Low High
concerns
Isola 2019 Low S Low Some concerns Low Some concerns
concerns
Viwattanatipa 2018 Low Low Low Low Low Low

Note: D1 randomization process; D2 deviations from intended interventions; D3 missing outcome data; D4 measurement of the outcome;
D5 selection of the reported result. Source: Assessed by the authors from the full texts.
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Figure 2. Summary of the risk of bias across domains and studies.

Risk of bias summary (RoB 2)

[ Some concerns
8 - Il High risk
6 .
4 -
2 -

T T T T T T
D1 D2 D3 D4 D5 Overall
Randomisation  Deviations Missing Measurement Selective
from intended outcome data of the outcome  reporting
interventions

Number of studies

Note: D1 randomization process; D2 deviations from intended interventions; D3 missing outcome data; D4 measurement of the outcome;
D5 selection of the reported result. Source: Elaborated from the RoB 2 judgments of this review.

DISCUSSION

The first question asked whether photobiomodulation increases the rate of orthodontic tooth
movement compared with no or sham irradiation. The evidence supports a cautious affirmative
answer. Seven of the ten included trials reported a statistically significant acceleration, and the point
estimates were directionally consistent even though their magnitude varied more than tenfold
depending on the movement evaluated and the metric used. The two null trials, one combining
photobiomodulation with piezocision and one using blue light, are the most recent caution that
the effect is not guaranteed under every parameter set. This finding agrees with earlier syntheses
that pooled split-mouth randomized trials and reported a favorable effect of low-level laser therapy
on canine retraction and on anterior alignment.(9,10,12)It also agrees with the direction reported
by reviews restricted to children and to the alignment phase of treatment.(12,32) The finding di-
verges, however, from the Cochrane review of non-surgical adjuncts, which judged the evidence
on low-level laser therapy uncertain because of small samples and heterogeneous protocols.(1)
That divergence is explained largely by the eligibility windows and by how each review handled
quasi-experimental and split-mouth designs, rather than by a disagreement about the underlying
point estimates themselves.(33,34)

A further source of support comes from reviews that examined adjacent questions. Synthe-
ses focused on the alignment phase and on split-mouth canine retraction both concluded that
low-level laser therapy shortens the measured phase, and a network synthesis of interventions for
maxillary canine retraction ranked photobiomodulation among the non-surgical options with a
measurable benefit.(11,12) Reviews that examined the wavelength question narrowed the effective
range to the red and near-infrared band, which is exactly where the positive trials of this review
sit.(14,16) Older syntheses, by contrast, concluded that the evidence was insufficient, and their
skepticism is understandable given that many of the trials they included reported only means wi-
thout dispersion and used split-mouth designs that make independent pooling difficult.(15,35,36)
The evolution of the literature across the window of this review, from early inconclusive reports to
more recent placebo-controlled trials, explains why an updated synthesis reaches a more favorable
conclusion than its predecessors.

The three trials that did not report a uniform benefit carry information of their own. Jayavarma
and colleagues found no statistically significant difference for isolated photobiomodulation, which
echoes the caution expressed in the Cochrane review and suggests that the acceleratory signal,
while commmon, is not universal.(1,29) Isola and colleagues found that irradiation did not enlarge the
final distance but shortened the time needed to close the same space, a distinction that matters
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because trials measuring only the distance could miss a genuine gain in speed and mislabel it as
a null result.(30)Viwattanatipa and colleagues used blue light and found no effect, a result that is
better attributed to the wavelength than to the intervention itself.(31)

The predominance of split-mouth designs deserves a comment of its own. Split-mouth trials
compare the irradiated and control sides within the same patient, which removes interindividual
variation and makes small samples informative, but they assume that the two sides are biologi-
cally independent. That assumption is doubtful for a photobiomodulatory effect that acts, at least
partly, through local and possibly systemic mediators, and any contralateral carryover would bias
the comparison toward the null.(19)The two placebo-controlled trials, one of which randomized
guadrants within patients, are therefore important because they preserve the within-patient com-
parison while controlling the placebo effect, and both still found a benefit, which weakens the
concern that the positive results are an artifact of the design.(23,26)

The clinical meaning of the measured endpoints also varies. Canine retraction into a premo-
lar extraction space is a convenient and bounded model, but it is only one phase of a treatment
that also includes alignment, leveling, torque and space closure elsewhere.(3)Anterior alignment,
measured as the weekly change in the irregularity index, is arguably closer to what patients notice
first, and the largest relative benefit in this review was reported for that endpoint.(25)Molar distali-
zation and uprighting were each evaluated in a single trial, so the evidence for those movements
is thinner. A treatment that accelerates one phase may not shorten the whole course, and only
Isola and colleagues measured a time-to-completion outcome, which is the metric that matters
most for treatment planning.(30)

The second question asked whether the effect varies by light source, wavelength or protocol.
The data indicate that wavelength matters more than the distinction between laser and diode.
Effects were concentrated in the red and near-infrared range between 650 and 980 nm, which
coincides with the absorption window of cytochrome c oxidase and with the therapeutic window
described in dose and wavelength reviews.(7,13,14)The single blue-light trial at 430 to 480 nm found
no effect, a biologically plausible outcome because blue light penetrates soft tissue less deeply and
its chromophores lie outside the mitochondrial action spectrum that drives photobiomodulation.
(8,31) Energy density and application frequency varied so widely across the included studies that
no dose-response relationship could be isolated, a gap that protocol reviews have also emphasized.
(15,37) The inflammatory mediator data reported in several included trials, with raised interleukin-1
beta and RANKL in gingival crevicular fluid on the irradiated side, offer a mechanistic link between
irradiation and the accelerated bone remodeling observed clinically.(24,27,38)This molecular evi-
dence is consistent with the mitochondrial and inflammmatory model of photobiomodulation des-
cribed for periodontal tissues.(6,8)

The biological cascade that could explain these observations is now reasonably well described.
Red and near-infrared photons are absorbed by cytochrome c oxidase, which raises mitochondrial
membrane potential and adenosine triphosphate production, releases a small burst of reactive
oxygen species and nitric oxide, and thereby activates transcription factors that govern prolifera-
tion and matrix turnover.(7,8) In the compressed periodontal ligament this signaling converges
on the osteoclastogenic axis, with higher receptor activator of nuclear factor kappa-B ligand and
lower osteoprotegerin in gingival crevicular fluid, the molecular signature of faster bone resorption
on the pressure side.(5,24) The same mechanism has been invoked for the acceleration reported
in animal models and for the modulation of inflammatory mediators summarized in a dedicated
meta-analysis.(38,39) These data do not prove that photobiomodulation accelerates movement
in every patient, but they make the direction of the clinical findings biologically coherent rather
than an artifact of measurement.

The relative magnitude also varied by endpoint in a way that is biologically informative. The
alignment endpoint, measured in the earliest weeks of treatment, showed the largest relative di-
fference, roughly 2.9-fold, whereas the cumulative canine retraction measured over twelve weeks
showed a more modest fold change of about 1.4.(22,25) This pattern is consistent with the known
phasing of tooth movement, in which the early, cell-mediated stage is the most responsive to a
metabolic stimulus, while later stages depend more on the mechanical resolution of the extraction
space.(5)If the benefit is concentrated in the early weeks, its clinical value lies in shortening the
lag phase rather than in a uniform acceleration across the whole course, which again argues for
measuring time to a defined endpoint.

The surrogate nature of the endpoints deserves emphasis as well. A faster canine or a faster
alignment is a proxy for the outcome patients care about, which is a shorter, safe course of treat-
ment, and the surrogate may not translate linearly. One trial that measured both distance and time
showed that the distance alone would have missed the benefit, a concrete demonstration of this
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risk.(30)Until trials report the time to a predefined treatment goal, the clinical importance of the
acceleration remains an inference rather than a demonstrated outcome.

The question of age also remains open. The trials reviewed enrolled adolescents and young
adults predominantly, and the review specific to children reported a favorable effect of laser photo-
biomodulation on movement in that population, so the benefit is unlikely to be restricted to adults.
(32)None of the included trials compared age strata within the same protocol, and growth-related
remodeling in adolescents could mask or magnify the effect of irradiation, which is another reason
to stratify by age in future trials.

The third question asked about risk of bias and the resulting confidence in the estimates.
Most trials raised some concerns, mainly because the randomization procedure and the blinding
of outcome assessors were incompletely described, and two trials were at high risk. Confidence is
further reduced by the small samples, some as few as six patients, and by the split-mouth design,
which controls interindividual variability but cannot exclude a local or systemic carryover of the
photobiomodulatory effect to the contralateral control side.(19,26) Because no pooled estimate
was computed, this review cannot quantify the acceleration or its imprecision, and the overall
certainty of the evidence is best described as low to moderate. Applying the GRADE domains, the
risk of bias is serious, the imprecision is serious because the positive trials enrolled between 6 and
42 participants and the dispersion around the reported rates was wide, and the inconsistency is
at least moderate given the two null trials.(21)Indirectness is limited, but publication bias cannot
be ruled out because the review could access only open-access reports and small positive trials
are more likely to reach print. These considerations place the certainty of the evidence between
low and very low, and the direction of the effect is therefore more trustworthy than its magnitude.

The strengths of this review are a transparent search across four bibliographic sources, a
reproducible PRISMA flow and an appraisal restricted to what the reports actually stated rather
than to assumptions about their quality. By tabulating the raw estimates alongside the direction
of each trial, the review preserves the heterogeneity that a pooled average would have concealed.

This review has limitations that should be read together with its conclusions. Only open-access
full texts could be retrieved, so 35 otherwise eligible reports, including several randomized trials,
were not assessed, and their exclusion may distort the estimate of effect and restrict generaliza-
bility. Screening and extraction were performed by a single reviewer assisted by automated tools
rather than by two independent reviewers, so selection errors cannot be excluded. The protocol
was not registered prospectively, and no meta-analysis or formmal GRADE assessment was under-
taken. Each limitation has a specific remedy: future updates should obtain licensed access to the
non-open-access reports or request data from their authors, adopt independent dual screening
with a third arbiter for disagreements, register the protocol in a public registry, and standardize
the outcome as a weekly or monthly rate with measures of dispersion so that a pooled estimate
becomes possible. Publication bias is plausible because small trials with favorable results are more
likely to be published, and the predominance of positive findings among the included studies
should be read with that in mind. Early reports within the window were likewise mixed, and the
reviews that summarized them cautioned against overinterpreting single small trials.(35,40) The
maturation from those early reports to the placebo-controlled trials published in the last years of
the window is the main reason the present conclusions are more favorable, and it also implies that
the estimate of effect will continue to move as larger, sham-controlled trials accumulate.

The clinical implication is that near-infrared low-level laser photobiomodulation is a promi-
sing, non-invasive adjunct for shortening specific phases of fixed-appliance treatment, but routine
use cannot yet be recommended on this evidence. The parameters that produced effects in the
included trials were too varied to be converted into a single prescription, and the strongest effect
came from an intraoral light-emitting diode rather than a laser, which indicates that the device
category is less informative than the wavelength and the delivered dose.(13,25) Clinicians who
choose to apply photobiomodulation should document the wavelength, energy density, applica-
tion points and frequency precisely, because these are the variables that future meta-analyses will
need to isolate.(37)The safety profile is reassuring: none of the included trials reported damage to
the periodontium, and separate reviews found no increase in root resorption with photobiomodu-
lation, with one trial reporting a reduction.(41,42) The trial by Eid and colleagues likewise found the
acceleration accompanied by raised interleukin-1 beta without adverse tissue effects, and reviews
of root resorption reach the same conclusion, which addresses the main biological concern a cli-
nician would have about accelerating tooth movement.(22,41) Longer follow-up is still needed to
exclude late effects that the short windows of these trials could not capture. What remains open
is whether the acceleration persists beyond the initial weeks, whether it shortens total treatment
time rather than only the measured phase, whether a near-infrared light-emitting diode can re-

https://doi.org/10.62486/dent202332 10


https://doi.org/10.62486/dent202332

Capote Fernandez et al. SAP Dentistry. 2023;1:32

plicate the laser effect at lower cost, and whether a single standardized protocol reproduces the
effect across centers.(4,16,17,35,36,39,40)Answering these questions will determine whether the
acceleratory signal observed here is a genuine clinical gain or only a laboratory and short-window
phenomenon, and the trials needed to settle them are now clearly defined.

Future trials should be prospectively registered, use sham irradiation in both arms, blind the
outcome assessor, and report the rate as millimeters per week or month with standard deviations
for both arms so that a random-effects meta-analysis becomes possible. The parameters should be
selected from the effective range identified here, near-infrared wavelengths between roughly 800
and 980 nm, and the schedule should be standardized while a second arm varies one parameter
at a time. Because the daily intraoral light-emitting diode produced the largest relative effect, a
three-arm trial comparing a near-infrared laser, a near-infrared diode and sham would isolate the
role of the device at a constant wavelength.(25,37) Reporting should include the total treatment
time to a defined endpoint, not only the rate of a single phase.(4)

Cost and workflow also condition adoption. A near-infrared laser requires a capital investment
and chair time for each application, whereas the daily intraoral light-emitting diode was used by
the patient at home and yet produced the largest relative gain in this review, which suggests that
patient-administered devices deserve specific attention in future trials.(25)The application schedule
ranged from daily to every three weeks, and the finding by Eid and colleagues that a low-frequency
schedule performed as well as a high-frequency one, if replicated, would make treatment more
feasible.(22)None of the included trials measured whether the acceleration carried through to a
shorter total treatment duration, so the clinically relevant endpoint remains unproven, and trials
that report only the rate of a single phase risk overstating the benefit to patients.(4)

CONCLUSIONS

The evidence indicates that photobiomodulation with low-level laser or light-emitting dio-
de light accelerates orthodontic tooth movement in most controlled trials in patients with fixed
appliances, particularly in the red and near-infrared range.

The effect appears to depend on wavelength and irradiation protocol more than on the light
source itself, but the available reports do not allow a single optimal parameter set to be identified.

Confidence in these findings is limited by the risk of bias of the included trials, small samples,
heterogeneous outcome measures and the absence of a pooled quantitative estimate, and this
should be addressed by prospectively registered, sham-controlled and adequately powered trials
with standardized outcomes.
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