Int. J. Morphol.,
37(3):977-984, 2019.

Effects of Low-Level Laser on the Repair of Orthodontically
Induced Inflammatory Root Resorption: A Systematic Review
of Studies in Rats
Efectos del Láser de Bajo Nivel en la Reparación de la Reabsorción Radicular
Inflamatoria Inducida por Ortodoncia: Una Revisión Sistemática de Estudios en Ratas

Naira Figueiredo Deana1,2; Nilton Alves3,4; Vanderlei Salvador Bagnato5 & Paulo Sandoval6

DEANA, N. F.; ALVES, N.; BAGNATO, V. S. & SANDOVAL, P. Effects of low-level laser on the repair of orthodontically induced
inflammatory root resorption: a systematic review of studies in rats. Int. J. Morphol., 37(3):977-984, 2019.
SUMMARY: Orthodontically induced inflammatory root resorption (OIIRR) is a complication of dental treatment which consists
of the degradation of local tissue due to an inflammatory reaction provoked by inappropriate orthodontic stimulus. The aim of the present
systematic review was to assess the effectiveness of low-level laser therapy (LLLT) in reducing orthodontically induced inflammatory
root resorption (OIIRR) in animal models. A systematic review was carried out in the MEDLINE, EMBASE and LILACS databases.
Studies of interventions in animals were selected which analysed the effect of LLLT on OIIRR repair. The risk of bias was analysed
through the 10 domains of the SYRCLE RoB tool for animal studies. Seventy-one studies were found; 27 were eliminated as duplicates
and 44 titles/abstracts were analysed. Of these, 38 were excluded, and five studies were included for qualitative analysis. In 66.6 % of the
studies included, the authors state that LLLT was effective in the inhibition/repair of OIIRR. In histological analysis it was observed that
root resorption was significantly less in animals treated with laser as compared to the control. Furthermore, LLLT accelerated cicatrization
after OIIRR. Laser proved effective in reducing root resorption lacunae and shortening the inflammatory process induced by the application
of orthodontic force.
KEY WORDS: Animal model; Inflammatory root resorption; Low-level laser therapy; Orthodontic treatment; Histology;
Systematic review.

INTRODUCTION

Orthodontically induced inflammatory root
resorption (OIIRR) is a complication of dental treatment
which consists of the degradation of local tissue due to an
inflammatory reaction provoked by inappropriate
orthodontic stimulus (Brezniak & Wasserstein, 2002;
Krishnan & Davidovitch, 2006; Vasconcelos et al., 2016).
Dental movement should occur slowly in order to avoid the
negative effects of orthodontic force, such as bone necrosis
or OIIRR (Seifi et al., 2014). When a very high orthodontic
force is applied, higher than 2000 m, it may cause a decrease
in bone formation and a slower rate of dental movement, as
well as serious pain in the patient (Seifi et al., 2003; Cruz et
al., 2004). Root resorption (RR) may occur on both the
pressure side and the traction side. Small lacunae are

observed at first, which gradually grow deeper and end in
flattening of the radicular apex or shortening of the root
(Altan et al., 2015). The incidence of apical RR may be as
high as 53.1 % (Maués et al., 2015), and severe resorption
presents in 2.9 % of cases (Sousa et al., 2014). This is a
cause of grave concern for both clinicians and patients, and
determines the need for techniques which help to reduce
OIIRR. Some researchers have used local or systemic
application of hormone-like molecules, such as calcium ions
and prostaglandins, in order to observe their effect on OIIRR;
however no evidence has been found that their administration
has determined a variation in RR (Spoerri et al., 2018). One
alternative treatment for repairing OIIRR is low level laser
therapy (LLLT), a non-invasive treatment which promotes
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an analgesic effect. It can be used to minimise the patient's
pain during dental treatment (Deana et al., 2017) by
modulating the inflammatory process (Altan et al.), reducing
the oedema and the number of inflammatory cells in the
conjunctive tissue (Albertini et al., 2007), and promoting
bone remodelling thus accelerating dental movement (Habib
et al., 2010; Doshi-Mehta & Bhad-Patil, 2012; Sandoval et
al., 2017; S. Suzuki et al., 2018). Recent studies have shown
that laser can repair OIIRR (Altan et al.), reducing the area
and volume of the resorption lacunae generated by the
application of orthodontic force (Suzuki et al., 2016).
However some authors report finding no reduction in OIIRR
in groups treated with laser (Vasconcelos et al.), indicating
that the action of LLLT on OIIRR is still controversial. Experimental studies in animals form part of the basic evidence
for decisions in clinical practice (de Vries et al., 2015). They
are fundamental for understanding the mechanisms of a
disease, and important for testing the effectiveness of new
interventions safely (Vesterinen et al., 2014). The research
question for this work was therefore as follows: Is low-level
laser therapy effective in reducing orthodontically induced
root resorption in animal models? Therefore the aim of the
present systematic review was to assess the effectiveness of
LLLT in reducing OIIRR in animal models.

MATERIAL AND METHOD

Protocol and registration. A systematic review (SR) of
the published data was conducted in accordance with the
Cochrane Handbook for the Systematic Review of
Interventions, and reported according to the guidelines of
the Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) (Higgins & Green, 2011). The
study was not registered.
Eligibility Criteria. The studies included were experimental studies in rats, randomised or not, which analysed the
effects of low-level laser (red or near infrared) on repair of
OIIRR. The exclusion criteria were: in vitro studies, studies
in humans, studies in other animal model, systematic reviews
and meta-analyses, unpublished theses, high level laser and
light therapy using LED, studies with no comparison group.
Sources of Information and Search Strategy. An electronic
search of the following databases was carried out on 17 April
2018, with no date or language restrictions: PubMed,
LILACS and EMBASE. The search was complemented by
a manual review of the references of the included studies.
The search in Pubmed is shown below: (((("Root
Resorption"[Mesh]) OR root resorption*)) AND
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((((orthodontic*) OR orthodontic tooth movement) OR
"Tooth Movement Techniques"[Mesh]) OR tooth
movement)) AND (((((((((diode laser) OR near infrared laser)
OR red laser) OR "Laser Therapy"[Mesh]) OR laser therapy)
OR "Phototherapy"[Mesh]) OR phototherapy) OR "LowLevel Light Therapy"[Mesh]) OR low level laser*).
Titles and abstracts were selected independently by
two investigators (N. F. D. and P. S.) to verify their eligibility.
In cases of discrepancy, consensus was obtained by
discussion or by consulting a third reviewer (N.A.). The
references that appeared to fulfil the inclusion criteria were
reviewed in full text by the same reviewers (N.F.D. and P.S.).
The data from each article selected were analysed to
obtain sample size, sex, age range, laser used, wavelength,
output power, spot size, number of application points,
treatment time, application points, days of LLLT application,
total energy, energy density, study design, orthodontic force
applied, method used for measuring the results, follow-up
time, and the principal results found for the LLLT group
and the control/placebo group.
Assessment of Risk of Bias. Two review authors (V.S.B.
and P.S.) independently assessed the risk of bias of the
eligible trials according to the SYRCLE risk of bias tool for
animal studies (SYRCLE RoB) (Hooijmans et al., 2014). In
cases of discrepancy, consensus was obtained by consulting
a third reviewer (N.F.D.). The domains assessed were: 1Random sequence generation; 2- Baseline characteristics,
3- Allocation concealment; 4- Random housing; 5- Blinding
of operator; 6- Random outcome assessment; 7- Blinding of
outcome assessment; 8- Incomplete outcome data; 9Selective reporting; 10- Other biases. The potential risk of
bias for each study was classified as 'No' (high risk), 'unclear'
(unclear risk), or 'Yes' (low risk) (Hooijmans et al.).

RESULTS

Study Selection. A flow chart of the study selection process
at each stage of the review is shown in Figure 1. The search
identified 71 references. After excluding duplicates and
reviewing titles and abstracts, the full texts of five experimental studies in rats were finally included for qualitative
analysis.
Study Characteristics
Study design. Randomised and non-randomised studies
were included. The principal characteristics of the studies
are summarised in Table I.
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Risk of bias. The results of the risk of bias assessments of the studies included
in this systematic review are shown in Figure 2. All the studies presented a
high risk of bias. All five studies included presented high risk of bias for

Animal
s pecies
Wistar rats

Outcomes. Laser was effective in reducing OIIRR in 60.0 % of the studies
(Seifi et al., 2014; Altan et al.; Suzuki et al., 2016, 2018). The principal results
and the techniques used to analyse the results in the studies included can be
observed in Table III.

Author

Application of orthodontic force. One study applied a force of 25 g, used to
move the left maxillary first molar (Vasconcelos et al.); three studies applied
a force of 50 g to the upper first molars (Altan et al.; Suzuki et al., 2016,
2018), and 1 study used 40 cN on the upper incisors (Marquezan et al.) .

Table I. Characteristics of the studies included.

Animal population. All studies used male Wistar rats (Marquezan et al., 2013;
Altan et al.; Suzuki et al., 2016; Vasconcelos et al., 2016; Suzuki et al., 2018).
The sample size with rats varied between 30 and 54 animals. The follow-up
time of the studies ranged from 3 to 25 days.

Age

LLLT. The laser parameters used in the studies are reported in Table II. It was
observed that all the studies used near infrared laser (808-820 nm), with power
between 50 and 100 mW. The energy densities were quite variable, between
4.8 and 580 J/cm2 per point, with energy between 0.6 and 96 J. Laser was
generally applied with an optic fibre at 1, 2, 3 or 4 points. The application
frequency varied between 1 and 7 applications. Some studies did not present
complete information on the LLLT protocol used, however the missing
parameters could be calculated from the data reported.

m ale

Weight

Fig. 1. Flow diagram for the identification and selection of studies
in this systematic review.
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Table II. Low level laser treatment parameters used in the studies included.
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Fig. 2. Risk of bias summary: review authors' judgements about each risk of bias item for
each included study.

'Blinding of operator'; two studies presented high risk of bias for 'Random sequence
generation' (Altan et al.; Suzuki et al., 2016) and one study presented high risk of
bias for 'Incomplete outcome data' (Vasconcelos et al.). None of the five studies
offered sufficient information to judge the domains 'Allocation concealment',
'Random housing' and 'Random outcome assessment', and these risks were classified
as unclear ( Marquezan et al.; Seifi et al., 2014; Altan et al.; Suzuki et al., 2016,
2018; Vasconcelos et al.). One study presented unclear information for judging
'Blinding of outcome assessment' (Suzuki et al., 2016); one study did not offer
sufficient information to judge 'Incomplete outcome data' (Altan et al.). The five
studies presented low risk of bias for 'Baseline characteristic', 'Selective outcome
reporting' and 'Other sources of bias' (Marquezan et al.; Seifi et al., 2014; Altan et
al.; Vasconcelos et al.; Suzuki et al., 2016, 2018).

DISCUSSION

Summary of evidence. For orthodontic dental movement to occur, physiological
forces must be applied which generate traction and compression stresses in the tooth
support tissue (periodontal ligament – PDL) (Wise & King, 2008). The application
of orthodontic force determines the start of an inflammatory process on the
compression side, causing constriction of the microvasculature of the PDL. This
results in local hyalinisation, with compensatory hyperaemia in the adjacent PDL
and the vessels in the dental pulp (Long et al., 2001). One possible explanation for
OIIRR during orthodontic treatment is that the production of excessive force limits
the blood flow due to compression of the PDL space. The resulting oxygen
deprivation determines ischaemic necrosis and the formation of hyalinised areas
along the PDL space, death of the cementoblast and the PDL cells, and exposure of
the root surfaces to osteoclast activity (Brudvik & Rygh, 1994; Brezniak &
Wasserstein). OIIRR starts when the protective cementoblast layer, which interacts
with the hyalinised PDL, suffers apoptosis, allowing the odontoclasts to resorb the
cement and dentine (Brudvik & Rygh, 1994). Interrupting the application of
orthodontic force may interrupt resorption, triggering repair or diminution of the
process (Brudvik & Rygh, 1995). It should be noted that premature interruption of
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Table III. Principal findings reported by the authors in relation to root resorption.
Author

Outcome measurements

Principal findings

Altan et al. (2015)

Histochemical evaluation (HE): analysis
of the mesial aspect of the distopalatal root
and adjacent s tructures.

Marquezan et al. (2013)

Histological evaluation (HE): analysis of
the mesial, middle buccal, middle palatal,
disto-buccal, and disto-palatal aspects of
first molar roots. The resorption
percentage (_m2) was evaluated by
digitized photomicrographs.
The volumes of the root resorption lacunae
were measured with ex vivo
microcomputerized tomography in the
tensi on and compression areas of the
mesi al and distal roots.
The severity of root resorption was als o
measured on a scale of 1-5 by semiquantit ative analysis in scanning electron
microscopy, where 1 presented no
resorption and 5 presented more than 1/3
of the length of the root in root resorption
lacunae at the dentine level

- The inflammatory process occurred faster in the LLLT
group than the control
- L LLT applied after the cessation of orthodontic force
significantly reduced resorption and accelerated wound
healing of the OIIRR
- Reparative effects on OIIRR were found, but preventive
effects were not proved
- In the Long-term Laser group (25 days follow-up), an
important increase in osteoclasts and fibroblasts was
observed, showing that the repair process was s t ronger
than th e resorption process.
- Laser treatment was not effective in reducing RR
- T he group irradiated with laser presented twice the
amount of r oot resorption, however no statis tically
significant differences were found between the
experimental and control groups.

Suzuki et al. (2016)

Suzuki et al. (2018)

The root resorption craters were mea sured
with ex vivo microcomputeri zed
tomography.
HE was used for descriptive analysis of
the root resorption craters

Vasconcelos et al. (2016)

Histological evaluation (HE) using a
binocular microscope: measurement of the
resorption percentage, the extent of
resorption and the ratio between the
resorption percentage and t he root
perimeter

- T he LLLT group presented a g reater rat e of d ent al
movement than the control, with a pronounced difference
in the first 6 days and no difference thereafter.
- The root resorption score was lower in the laser group
than th e control.
- The area of hyalinisation was significantly smaller in the
laser irradiated group t han the control.
- In the control group, a larger number of roots was
observed with more than 1/3 of the root length presenting
dental resorption in the ce ment and dent ine as compared
with the LLLT group
- In the laser group the volume of t he resorption lacunae
showed a signi fica nt reduction on the tension and
compression sides, in the mesial and dis tal aspects
- The compression side present ed a greater volume of RR
in both groups
- A smaller total root resorpt ion crater vol ume was found
in the LLLT group than the control group, on both tension
and compression sides, mesially and distally.
- In hi stological analysis, the irradiated groups presented
smaller root resorption crat ers.
- L aser treatment associated wit h corticopuncture
produced greater dental movement and less RR than t he
separate application of th e two techniques.
- After 10 days, the group treated with a hi gh dose of laser
presented a better percentage of t he total resorption area,
extent of resorption and ratio between t he resorption
percentage and the root perimeter, but no significant
difference was found between the experimental and
control groups.
- The wavelength 808 nm is safe for dental movement and
does not stimulate resorption.
- T he dose used in the study is not recommended for
clini cal use.

Diminution
of RR
Yes

No

Yes

Yes

No

OIIRR orthodontically induced inflammatory root resorption, RR root resorption, HE hematoxylin-eosin.

orthodontic treatment may mean that the patient's aesthetic
and/or functional recovery may not be complete. However,
shortening the inflammatory process may have the effect of
reducing RR, since the cementoblast will not be exposed to
a high level of stress over a long period of time (Suzuki et
al., 2016). Thus it is important to find treatment techniques
which reduce OIIRR and can be applied in combination with
orthodontic treatment.

LLLT can accelerate the migration of macrophages,
increasing their phagocytosis; it can also increase cytokine
production, stimulate the metabolism of bone tissue and
improve angiogenesis, which is essential during wound
healing (Núñez et al., 2013; Paolillo et al., 2014). In the
present review we assessed the effectiveness of LLLT in
reducing OIIRR, finding it to be successful in 60.0 % of the
studies. Altan et al. indicate that laser irradiation increases
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tissue response, accelerating the inflammatory process,
showing that laser irradiation was able to reduce RR by
promoting a shorter inflammatory process. Suzuki et al.
(2018) indicated that LLLT promotes a reduction in the
volume of RR lacunae by strengthening bone remodelling,
determining greater bone resorption on the compression side
and stimulating bone formation on the tension side. In
another study, Suzuki et al. (2016) observed that laser acts
at the same time on the biomodulation of bone resorption
and OIIRR, stimulating bone resorption by activating the
osteoclasts and inhibiting RR by preserving the cementoblast
layer, avoiding damage to the roots even when there is high
bone resorptive activity (Suzuki et al., 2016). Another
important effect of laser is to stimulate the proliferation of
osteoblast and fibroblast cells, improving the OIIRR repair
process (Altan et al.). On the other hand, Marquezan et al.
reported observing greater RR in the laser-treated group,
while Vasconcelos et al. reported finding a reduction in RR
with the use of a higher energy density; however the results
were not significant in either of these studies. The effect of
laser is dose-dependent, and an effective dose for OIIRR
repair needs to be established. Very high doses of laser may
cause inhibitory effects, while very low doses may be
insufficient to trigger biomodulation (Hawkins &
Abrahamse, 2006).
Various parameters need to be considered when
choosing a laser treatment protocol, such as wavelength, spot
area, number of applications, number of application points
and energy density (ED). All the studies included in the
present review used near-infrared laser, which has higher
penetration power than infrared (Bagnato, 2008). The
number of irradiations was between six and seven in the
studies which reported successful results (Seifi et al., 2014;
Altan et al.; Suzuki et al., 2016, 2018) and between two and
seven in the studies which found no differences between
the treatment group and the control group (Marquezan et
al.; Vasconcelos et al.). The ED was between 4.8 and 75 J/
cm2 per application point in the results which found that
laser was effective in reducing OIIRR (Seifi et al., 2014;
Altan et al.; Suzuki et al., 2016, 2018). Marquezan et al.
observed a contrary effect to that expected with LLLT,
although there was no statistically significant difference.
These authors reported that the group irradiated with laser
presented greater RR than the group not irradiated with
laser; this may have occurred due to the high doses applied
in this work, of up to 6000 J/cm2 per day. Vasconcelos et
al. indicated that neither of the protocols used in their study
were effective in reducing OIIRR. The results presented
by Marquezan et al. and Vasconcelos et al. corroborate the
dose-dependent effect of laser, and show the importance
of finding ideal doses which can be used in the routine
treatment of dental patients.
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Few SR have been carried out of experimental studies
with animals, however such studies are important as they
are able to assess not only the effects of an intervention, but
also the risks of bias in investigations. Studies with high
risk of bias may present overestimated results, which will
determine that the study presents a low level of evidence
(Faggion et al., 2017; Higgins & Green). Studies in animals
which present a high risk of bias may fail to reflect the
mechanism of the disease, or offer inaccurate results about
the effectiveness of an intervention (Faggion et al.). In the
present work, all the studies presented a high risk of bias.
This was due to the difficulty of blinding the operators during
laser application, since many types of equipment emit light,
sound or both during laser emission. However we consider
that this bias may have little influence on estimation of the
effect if the researchers manage to minimise the other risks
of bias included in the SYRCLE RoB tool, especially if the
study applies 'Random sequence generation', 'Blinding of
outcome assessment' and 'Random outcome assessment'
correctly. 'Blinding of outcome assessment' was carried out
in 80 % of the studies; the other 20 % did not provide
sufficient information to judge this bias. Randomised and
non-randomised studies were included in the present SR,
however it should be noted that none of the four studies
which reported carrying out 'sequence generation' explained
how the randomisation was done, making it impossible to
judge whether the method was carried out correctly; the risks
were therefore considered 'unclear'. The difficulty of judging
the risk of bias in the absence of information was observed
in other domains such as 'allocation concealment', 'random
housing' and 'random outcome assessment' in all the studies
included in the qualitative analysis. It should be noted that
when a domain is classified as 'unclear', the study may
present a high or low risk of bias (Faggion et al.), and this
may have a direct influence on the estimation of the effect
of the intervention being assessed. We believe that the
information is absent because the researchers did not know
how to report their study properly, and we emphasise the
importance of including all the information in future
interventions carried out in animals, to allow consistent
analysis of the evidence provided by every study.
Study limitations. One limitation observed in the present
research is related with the risk of bias in the studies included
in the qualitative analysis. Because the studies omitted much
of the information it was impossible to judge properly the
risk of bias in various domains of the SYRCLE RoB tool,
resulting in doubts as to whether the estimation of the effect
reported by the studies is overestimated or not. Another
limitation of the present review arises from the lack of similar results which could be combined; the studies assessed
the OIIRR in different ways, making it impossible to carry
out a meta-analysis.
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CONCLUSIONS

Laser proved effective in reducing the root resorption
lacunae and shortening the inflammatory process induced
by the application of orthodontic force.

DEANA, N. F.; ALVES, N.; BAGNATO, V. S. & SANDOVAL,
P. Efectos del láser de bajo nivel en la reparación de la reabsorción
radicular inflamatoria inducida por ortodoncia: una revisión sistemática de estudios en ratas. Int. J. Morphol., 37(3):977-984, 2019.
RESUMEN: La resorción radicular inflamatoria inducida
por tratamiento ortodontico (RRIITO) es una complicación del tratamiento odontológico que consiste en la degradación del tejido
local debido a una reacción inflamación provocada por un estímulo ortodóntico inadecuado. El objetivo fue analizar la efectividad
de la terapia láser de baja intensidad (LBI) en la disminución de
RRIITO en ratas. Se realizó una revisión sistemática en las bases
MEDLINE, EMBASE y LILACS. Fueron utilizados los términos
'resorción radicular', 'láser de baja intensidad', 'fototerapia', 'tratamiento ortodóntico', 'movimiento dental'. Fueron seleccionados estudios de intervención en animales, que analizaron el efecto del
LBI en la reparación de la RRIITO. Los riesgos de sesgos fueron
analizados mediante los 10 domínios de la herramienta SYRCLE
RoB para estudios en animales. 71 estudios fueron encontrados,
siendo eliminados 27 duplicados, y analizados 44 títulos/abstracts;
de estos, fueron incluídos 5 estudios para análisis cualitativa. El
66,6 % de los estudios incluidos afirman que el LBI fue efectivo
em reparar la RRIITO. En el análisis histológico se observó que la
RRIITO fue significativamente menor en animales tratados con
láser en comparación con el control. Además de eso, el LBI aceleró el proceso de cicatrización de la RRIITO. El láser se mostró
efectivo en reducir las lagunas de resorción radicular y acortar el
proceso inflamatorio inducido por la aplicación de fuerzas
ortodonticas.
PALABRAS CLAVE: Modelo animal; Resorción
radicular inflamatoria; Terapia láser de baja intensidad; Tratamiento ortodóntico; Histología; Revisión sistemática.

REFERENCES

Albertini, R.; Villaverde, A. B.; Aimbire, F.; Salgado, M. A. C.; Bjordal, J.
M.; Alves, L. P.; Munin, E. & Costa, M. S. Anti-inflammatory effects
of low-level laser therapy (LLLT) with two different red wavelengths
(660 nm and 684 nm) in carrageenan-induced rat paw edema. J.
Photochem. Photobiol. B, 89(1):50-5, 2007.
Altan, A. B.; Bicakci, A. A.; Mutaf, H. I.; Ozkut, M. & Inan, V. S. The
effects of low-level laser therapy on orthodontically induced root
resorption. Lasers Med. Sci., 30(8):2067-76, 2015.
Bagnato, V. S. Novas Técnicas Óticas para as Áreas de Saúde. São Paulo,
Editora Livraria da Física, 2008.
Brezniak, N. & Wasserstein, A. Orthodontically induced inflammatory root
resorption. Part I: The basic science aspects. Angle Orthod., 72(2):1759, 2002.

Brudvik, P. & Rygh, P. Root resorption beneath the main hyalinized zone.
Eur. J. Orthod., 16(4):249-63, 1994.
Brudvik, P. & Rygh, P. Transition and determinants of orthodontic root
resorption-repair sequence. Eur. J. Orthod., 17(3):177-88, 1995.
Cruz, D. R.; Kohara, E. K.; Ribeiro, M. S. & Wetter, N. U. Effects of lowintensity laser therapy on the orthodontic movement velocity of human
teeth: a preliminary study. Lasers Surg. Med., 35(2):117-20, 2004.
de Vries, R. B. M.; Hooijmans, C. R.; Langendam, M. W.; van Luijk, J.;
Leenaars, M.; Ritskes-Hoitinga, M. & Wever, K. E. A protocol format
for the preparation, registration and publication of systematic reviews of
animal intervention studies. Evidence-based Preclin. Med., 2(1):1-9, 2015.
Deana, N. F.; Zaror, C.; Sandoval, P. & Alves, N. Effectiveness of lowlevel laser therapy in reducing orthodontic pain: a systematic review
and meta-analysis. Pain Res. Manag., 2017:8560652, 2017.
Doshi-Mehta, G. & Bhad-Patil, W. A. Efficacy of low-intensity laser therapy
in reducing treatment time and orthodontic pain: a clinical investigation.
Am. J. Orthod. Dentofacial Orthop., 141(3):289-97, 2012.
Faggion, C. M. Jr.; Diaz, K. T.; Aranda, L.; Gabel, F.; Listl, S. & Alarcón,
M. A. The risk of bias of animal experiments in implant dentistry: a
methodological study. Clin. Oral Implants Res., 28(7):e39-e45, 2017.
Habib, F. A.; Gama, S. K.; Ramalho, L. M.; Cangussú, M. C.; Santos Neto,
F. P.; Lacerda, J. A.; Araújo, T. M. & Pinheiro, A. L. Laser-induced
alveolar bone changes during orthodontic movement: a histological
study on rodents. Photomed. Laser Surg., 28(6):823-30, 2010.
Hawkins, D. H. & Abrahamse, H. The role of laser fluence in cell viability,
proliferation, and membrane integrity of wounded human skin
fibroblasts following helium-neon laser irradiation. Lasers Surg. Med.,
38(1):74-83, 2006.
Higgins, J. P. T. & Green, S. (Eds.). Cochrane Handbook for Systematic
Reviews of Interventions. Version 5.1.0 [updated March 2011]. The
Cochrane
Collaboration,
2011.
Available
from:
www.handbook.cochrane.org.
Hooijmans, C. R.; Rovers, M. M.; de Vries, R. B.; Leenaars, M.; RitskesHoitinga, M. & Langendam, M. W. SYRCLE's risk of bias tool for
animal studies. B. M. C. Med. Res. Methodol., 14:43, 2014.
Krishnan, V. & Davidovitch, Z. Cellular, molecular, and tissue-level
reactions to orthodontic force. Am. J. Orthod. Dentofacial Orthop.,
129(4):469.e1-32, 2006.
Long, P.; Hu, J.; Piesco, N.; Buckley, M. & Agarwal, S. Low magnitude of
tensile strain inhibits IL-1beta-dependent induction of pro-inflammatory
cytokines and induces synthesis of IL-10 in human periodontal ligament
cells in vitro. J. Dent. Res., 80(5):1416-20, 2001.
Marquezan, M.; Nunes, L. K. F.; Freitas, A. O. A.; Narciso, M. S.; Nojima,
M. C. G.; Araújo, M. T. S.; Bolognese, A. M. & Ruellas, A. C. O.
Influence of low-level laser application on root resorption and pulp
alterations during tooth movement. Rev. Saúde (Santa Maria), 39(1):5563, 2013.
Maués, C. P.; do Nascimento, R. R. & Vilella, O. de V. Severe root resorption
resulting from orthodontic treatment: prevalence and risk factors. Dental
Press J. Orthod., 20(1):52-8, 2015.
Núñez, S. C.; França, C. M.; Silva, D. F.; Nogueira, G. E.; Prates, R. A. &
Ribeiro, M. S. The influence of red laser irradiation timeline on burn
healing in rats. Lasers Med. Sci., 28(2):633-41, 2013.
Paolillo, F.; Corraza, A. V. & Bagnato, V. S. Fundamentos da Fototerapia.
In: Bagnato, V. S. & Paolillo, F. R. (Eds.). Novos Enfoques da
Fototerapia para Condicionamento Físico e Reabilitação. São Carlos,
Compacta Grafica e Editora, 2014. pp.13-40.
Sandoval, P.; Bizcar, B.; Navarro, P. & Knösel, M. Efficacy of diode laser
therapy in acceleration of orthodontic space closure: a split-mouth
randomized clinical trial. Int. J. Dent. Oral Health, 3(2), 2017.
Seifi, M.; Atri, F. & Yazdani, M. M. Effects of low-level laser therapy on
orthodontic tooth movement and root resorption after artificial socket
preservation. Dent. Res. J. (Isfahan), 11(1):61-6, 2014.
Seifi, M.; Eslami, B.; & Saffar, A. S. The effect of prostaglandin E2 and
calcium gluconate on orthodontic tooth movement and root resorption
in rats. Eur. J. Orthod., 25(2):199-204, 2003.

983

DEANA, N. F.; ALVES, N.; BAGNATO, V. S. & SANDOVAL, P. Effects of low-level laser on the repair of orthodontically induced inflammatory root resorption: a systematic review of studies in
rats. Int. J. Morphol., 37(3):977-984, 2019.

Sousa, M. V.; Pinzan, A.; Consolaro, A.; Henriques, J. F. & de Freitas, M.
R. Systematic literature review: influence of low-level laser on
orthodontic movement and pain control in humans. Photomed. Laser
Surg., 32(11):592-9, 2014.
Spoerri, A.; Koletsi, D. & Eliades, T. Intrinsic hormone-like molecules and
external root resorption during orthodontic tooth movement. A
systematic review and meta-analysis in preclinical in-vivo research.
Front. Psychol., 9:303, 2018.
Suzuki, S. S.; Garcez, A. S.; Reese, P. O.; Suzuki, H.; Ribeiro, M. S. &
Moon, W. Effects of corticopuncture (CP) and low-level laser therapy
(LLLT) on the rate of tooth movement and root resorption in rats using
micro-CT evaluation. Lasers Med. Sci., 33(4):811-21, 2018.
Suzuki, S. S.; Garcez, A. S.; Suzuki, H.; Ervolino, E.; Moon, W. & Ribeiro,
M. S. Low-level laser therapy stimulates bone metabolism and inhibits
root resorption during tooth movement in a rodent model. J.
Biophotonics, 9(11-12):1222-35, 2016.
Vasconcelos, E. C.; Henriques, J. F.; Sousa, M. V.; de Oliveira, R. C.;
Consolaro, A.; Pinzan, A.; Henriques, F. P. & Bronfman, A. N. Lowlevel laser action on orthodontically induced root resorption:
Histological and histomorphometric evaluation. J. Lasers Med. Sci.,
7(3):146-51, 2016.
Vesterinen, H. M.; Sena, E. S.; Egan, K. J.; Hirst, T. C.; Churolov, L.; Currie,
G. L.; Antonic, A.; Howells, D.W. & Macleod, M. R. Meta-analysis of
data from animal studies: a practical guide. J. Neurosci. Methods,
221:92-102, 2014.
Wise, G. E. & King, G. J. Mechanisms of tooth eruption and orthodontic
tooth movement. J. Dent. Res., 87(5):414-34, 2008.

984

Corresponding author:
Paulo Sandoval
Faculty of Dentistry
Av. Francisco Salazar 1145
Universidad de La Frontera
Av. Francisco Salazar 1145
PO-BOX 54-D
Postal Code 4780000
Temuco
CHILE

E-mail: paulo.sandoval@ufrontera.cl

Received: 16-12-2018
Accepted: 02-04-2019

