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Abstract
In clinical practice, low-level laser therapy (LLLT) is widely used. The main aim of this review is to 
assess the effectiveness of LLLT in accelerating tooth movement in human subjects. The PRISMA 
checklist was utilized as a guideline to carry out this systematic review. The electronic databases 
were searched from Google Scholar (2014-2018) and PubMed, and comprehensive research on 
this topic was also manually conducted. Therefore, 77 articles randomized clinical trials (RCTs) or 
controlled clinical trials (CCTs) were selected. After screening studies, consequently, eleven trials 
met the inclusion criteria. Eight out of 11 studies showed LLLT has a significant impact on the 
acceleration of orthodontic tooth movement, and there was no statistically significant difference 
in the rate of tooth movement between the laser group and the control group in the two remaining 
studies. Furthermore, five out of 11 articles showed that LLLT has no adverse effects. Although 
we have some degree of understanding from a cellular point of view to LLLT effects, we still do 
not know whether these cellular level changes have any effect on the clinical acceleration of 
orthodontic tooth movement. The results are inconclusive and cannot be generalized to the public 
community; therefore, well-structured studies are required.
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Introduction
Orthodontic treatment is a popular dental procedure for 
establishing anesthetic, stable and functional occlusion. 
The average time for orthodontic treatment is mostly 
24 to 36 months. In general, a long-term therapy period 
is a primary reason for patients to reject this treatment 
modality.1 Root resorption, caries, and decreased patient 
compliance are more frequent in extended treatment 
protocols. Therefore, accelerating orthodontic tooth 
movement is appropriate to prevent those side effects and 
it can motivate patients to go through the treatment. 

Orthodontic treatment is generally based on the rule 
of bone remodeling resulting from the application of 
forces to a tooth, building areas of tension and pressure 
on the periodontal ligament. Acute followed by chronic 
inflammation and then again acute inflammation (after 
orthodontic forces reactivation) characterize the process. 
These modifications in periodontal tissues result in 
bone remodeling, which is crucial for orthodontic tooth 
movement.2-4

By now, many studies have investigated various ways 
of accelerating tooth movement, including injections 
of the drug, electric stimulation, corticotomy, pulsed 

electromagnetic fields, and mechanical and physical 
methods.5,6

In clinical practice, low-level laser therapy (LLLT) is 
widely used.7 Several parameters describe LLLT. These 
are as per the following8: (1) Laser power: it ranges from 
10-3 to 10-1 W; (2) Wavelength: it ranges from 300 to 
10 600 nm; (3) Pulse rate: it ranges from 0 to 5000 Hz; 
(4) Intensity: it ranges from 10-2 to 102 J/cm2; and (5) 
Electromagnetic spectrum: therapeutic lasers range from 
630 to 980 nm in visible red to almost visible red. The 
utilization of LLLT has been demonstrated to have a useful 
efficacy in pain alleviation, wounds and nerve damage.9-11 
The application of LLLT in orthodontics has proven to 
be advantageous in lowering orthodontic pain and in 
the photobiomodulation that would possibly accelerate 
orthodontic tooth movement.12 Numerous researchers 
have studied the use of LLLT in accelerating orthodontic 
tooth movement13-15 and have considered the laser to be 
effective while others achieved the opposite.16,17

Hence, it seems desirable to have a systematic review 
of current knowledge. This review aims at conducting a 
thorough assessment of the effect of LLLT on accelerating 
tooth motion in orthodontic treatment in human subjects.

http://crossmark.crossref.org/dialog/?doi=10.34172/jlms.2020.34&domain=pdf&date_stamp=2020-03-15
https://doi.org/10.34172/jlms.2020.34
http://journals.sbmu.ac.ir/jlms
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Methods 
The PRISMA checklist was utilized as a guideline to carry 
out this systematic review.18

Eligibility Criteria
Inclusion criteria were as per the following: the study 
should assess the effectiveness of lasers in accelerating 
orthodontic tooth movement. Study design: an 
randomized clinical trial (RCT) or controlled clinical trial 
(CCT). It is necessary to provide relevant information. 
Participants: patients who are systematically healthy but 
in need of orthodontic treatment. Intervention type: 
subjects should be allocated to experimental or control/
placebo groups depending on whether they receive the 
laser. Outcome variables: speed or moved distance of 
tooth motion during treatment. 

Exclusion criteria were as per the following: Reviews 
and primary studies included cohort studies, case–control 
studies, case series, case reports, descriptive studies, 
opinion articles, and abstracts, repeated publications, 
animal experiments, patients with systematic diseases 
influencing bone metabolism or orthodontic treatment, 
patients under medical care who may interfere with bone 
metabolism or orthodontic motion (e.g., analgesics, anti-
inflammatory medicine or antibiotics), utilization of a 
high-level laser.

Information Sources, Search Strategy, and Study Selection
The electronic databases were searched from Google 
Scholar (2014-2018) and PubMed using the following 
keywords: orthodontic, movement, acceleration. 
Comprehensive research on this topic was also manually 

conducted. Fifty-six articles were selected with regard to 
the title. By reviewing the abstracts and considering the 
increasing laser application in the dentistry field, the 
laser effect on the orthodontic movements’ acceleration 
was selected. As a result, 36 of the articles irrelevant to 
laser references were removed. A new search was done 
by adding the “low-level laser” keyword and 21 new 
references were found. 

By reviewing the sources, some of them were deleted: 
two repetitive cases, one book reference, seventeen review 
articles, 5 animal researches, 1 article which did not follow 
the inclusion criteria, and four cases due to lack of access 
to full-text. Subsequently, the methods and materials of 
all papers were reviewed and 11 referrals were selected 
and then the full-text of all references were studied and 
analyzed in order to find strongly relevant articles to the 
subject matter assessed, referring to the eligibility criteria.

Data Items and Collection
A specialized data extraction form was developed. 
We extracted the general information of the studies, 
including author, year of publication, country, number 
of participants along with their age and gender, laser 
parameters, laser treatment intervals, and outcomes.

Results
Search Results
By a main electronic search and a hand search, 77 papers 
were obtained. Eleven trials met the inclusion criteria 
after screening the title, abstract and/or complete text. 
The flow diagram of the study inclusion of the systematic 
review is shown in Figure 1.

Figure 1. Flow Diagram.
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 Five RCTs [12, 19, 20, 22, and 24] and 6 CCTs [21, 23, 25-
28] were finally included. Table 1 shows the specifications 
of the included studies.

In addition, summary details of laser parameters and 
treatment intervals are shown in Table 2.

The Impact of LLLT on Orthodontic Tooth Motion
Guram et al19: In this study, each quadrant in the maxillary 
and mandibular arches was divided into laser-treated and 
control groups. There was a 1.17–1.9-fold increase in the 
canine tooth movement rate during canine retraction in 
the laser-treated group. The outcomes were statistically 

noteworthy.
Dalaie et al20: The four quadrants were split into laser-

treated and control groups at random. Patients initially 
underwent leveling and alignment using the sectional 
system; subsequently, Canines were retracted using 
sectional closing loops. The impact of laser irradiation 
on the measure of tooth movement was not considerable 
(P = 0.45). Additionally, the amount of movement in the 
maxilla was equivalent to that in the mandible (P = 0.35).

Kansal et al21: Left and right quadrants of the upper 
arch were randomly divided into the laser group and the 
control group to assess the efficacy of LLLT in the rate of 

Table 1. The Specifications of the Included Studies

Study ID Study Design Country Number of Participants/Age/Gender

Guram et al19 RCT 20 participants; 8 males and 12 females; 17–24 years

Dalaie et al20 RCT Iran 12 participants; 3 males and 9 females; mean age 20.1 years

Kansal et al21 CCT India 10 participants; Both genders

Qamruddin et al22 RCT Pakistan
22 participants, among whom 2 participants dropped out; 11 males and 11 females; Mean 
age 19.8±3.1 years

Varella et al23 Prospective CCT India 10 participants; 4 males and 6 females; 14–25 years

Üretürk et al24 RCT Turkey 15 participants; 7 males and 8 females; mean age 16.2 ± 1.32 years

Sousa et al25 CCT Brazil 10 participants; 4 males and 6 females; 10.5–20.2 years

AlSayed Hasan et al11 RCT Syria 26 participants; 16–24 years

Genc et al26 CCT Turkey 20 participants; 6 males and 14 females; mean age 17.8 ± 4.2 years

Youssef et al27 CCT Syria 15 participants; Both genders; 14–23 years

Heravi et al28 CCT Iran 20 participants; 3 males and 17 females; mean age 22.1 ± 5.3

Table 2. Laser Parameters and Treatment Intervals

Study ID Type of Laser Wavelength Energy Density Power Output Exposure Time/Point Laser Treatment Intervals

Guram et al19  Ga-Al-As 810 nm 5 J/cm2 200 mW 5 s Weekly for 21 days

Dalaie et al20 Ga-Al-As 880 nm 5 J/cm2 10 s

Kansal et al21 Ga-As 904 nm 4.2 J/cm2 12 mW 10 s
On 1st, 3rd, 7th, 14th, 21st, 28th, 35th, 42nd, 49th, 56th 
days during the canine retraction phase

Qamruddin et al22 Ga-Al-As
940 nm

7.5 J/cm2 100 mW 3 s
Every 3 weeks for 3 more consecutive visits (T1 
and T2)

Varella et al23 Ga-Al-As 940 nm 8 J/cm2 100 mW 10 s
3 consecutive days at the following intervals: 
start of canine retraction, 4 weeks later, and 8 
weeks later.

Üretürk et al24 Ga-Al-As 820 nm 5 J/cm2 20 mW 10 s
On day 1st, 3rd, 7th, 14th, 21st, 30th, 33rd, 37th, 44th, 
51st, 60th, 63rd, 67th, 74th, 81st, 84th, 90th days

Sousa et al25 Ga-Al-As 780 nm 5 J/cm2 20 mW 10 s
Right after the spring activation (T1), 3 and 
7 days after the first application (T2 and T3), 
totaling 9 applications

AlSayed Hasan 
et al11 Ga-Al-As 830 nm 2.25 J/cm2 150 mW 15 s

First month: 4 times (days 1, 3, 7, 14); starting 
from the second month: every 15 days

Genc et al26 Ga-Al-As 808 nm 0.71 J/cm2 20 mW 10 s
On day 0, the 3rd, 7th, 14th, 21st, and 28th days 
after the application of the Ni-Ti closed-coil 
spring

Youssef et al27 Ga-Al-As 809 nm 8 J/cm2 100 mW
In the cervical 10 s
In the middle 20 s
In the apical 10 s

On days 1, 3, 7, and 14 intervals after every 
activation

Heravi et al28 Ga-Al-As 810 nm 21.4 J/cm2 200 mW 30 s
Started on the day of attaching coil springs and 
was repeated on days 4, 7, 11, 15, 28, 32, 35, 
39, 43, and 56 

Abbreviation: Ga-Al-As, Gallium-aluminum-arsenide.
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canine movement during the canine retraction phase. The 
average value obtained for the control group from 1st to 
63rd day was 3.30 ± 2.36 mm and it was 3.53 ± 2.30 mm 
for the laser group.

Qamruddin et al22: The maxillary arch was randomly 
split into the groups of experiments and placebo. After 
9 weeks, canine retraction on the laser-treated side (1.60 
± 0.38 mm) was considerably higher than that on the 
placebo side (0.79 ± 0.35 mm; P < 0.05). On the laser-
treated side, the general motion of the canines was 2.02 
times higher than that on the placebo side.

Varella et al23: In this split-mouth study, at all of the 
time points, the quantities of canine retraction for the 
laser group were higher than those for the control canines 
(P < 0.001).

Üretürk et al24: Right maxillary canines were distalized 
as the control group while the left maxillary canines were 
distalized by laser application. In the laser group, the 
quantity of tooth motion was 40% higher than that in 
the control group after 3 months. The quantity of canine 
distalization in the laser group was significantly different 
in comparison with the control group (P < 0.01).

Sousa et al25: Mandibular or maxillary canines or both 
have been assessed during the retraction of the canines. 
Only one side of the arch was laser irradiated, whereas 
the other side was considered the control group. The 
movement of laser-irradiated canines was statistically 
greater than that of the control group in all evaluated 
periods (P < 0.05).

AlSayed Hasan et al11: Patients were allocated either 
to the laser group or to the control group at random. 
All patients received conventional fixed equipment 
orthodontic treatment. In addition, the patients in the 
laser group had an LLL regimen throughout the phases 
of leveling and alignment. The laser group needed less 
mean time (81.23 ± 15.29 days) to complete leveling and 

arrangement than the control group (109.23 ± 14.18 days; 
P < 0.001), which indicates a 26% decrement over the 
entire treatment time.

Genc et al26: The laser was applied when the retraction of 
the maxillary lateral incisors started. The right maxillary 
lateral incisors were considered as the laser group, whereas 
the left maxillary lateral incisors comprised the control 
group. In the laser-treated group, significant differences 
were observed over time in the distances between the 
lateral maxillary incisors and the maxillary central 
incisors compared to the control group (P < 0.001).

Youssef et al27: The canine retraction was accomplished 
in both upper and lower jaws. The right side of the upper 
and lower jaw was regarded as the laser group, while 
the control group was the left side. The speed of tooth 
motion was greater in the laser-treated side than that in 
the control side in the two jaws. There was no statistically 
significant difference between the upper and lower canine 
mean speed values (P > 0.05) and the jaw position did not 
influence the speed of tooth motion.
Heravi et al28: The canine retraction was once carried out 
solely in the upper jaw requiring first premolar extraction 
on both sides. One half of the higher arch was irradiated 
and another half was considered as the placebo group. 
They utilized two techniques to measure the extension of 
canine distal movement, and no significant difference was 
distinguished between the controlled and laser-treated 
sides by any of the measurement techniques.

Table 3 shows all the results of the included studies.

Adverse Effect
Five out of 11 articles demonstrated that LLLT has 
no adverse effects. Kansal et al21 showed that the 
transformations found in both the LG and CG were 
approximately the same, and there was no evidence of 
additional radiographic changes during LLLT around the 

Table 3. The Outcomes of the Included Studies

Study ID Outcomes

Guram et al19 LLLT can reduce the fixed orthodontic tooth movement duration.

Dalaie et al20 There was no significant difference in terms of tooth movement between the irradiated and non-irradiated sides at any time point 
(P>0.05).

Kansal et al21 There was no statistically significant difference in the rate of tooth movement during canine retraction between the laser group and 
the control group.

Qamruddin et 
al22

Low-level laser irradiation can accelerate orthodontic tooth.
Movement and the Canine retraction was significantly greater on the experimental side compared with the placebo side.

Varella et al23 LLLT-facilitated orthodontics is approximately 2 times faster than conventional orthodontics.

Üretürk et al24 Low-level laser application significantly accelerates tooth movement in humans and could shorten the whole treatment duration.

Sousa et al25 A statistically significant increase in the movement speed of irradiated canines. This might reduce orthodontic treatment time.

AlSayed Hasan 
et al11 LLLT, used with the described parameters, is an effective method for accelerating orthodontic tooth movement in dental crowding cases.

Genc et al26 The application of a low-level laser could significantly accelerate orthodontic movement in humans.

Youssef et al27 LLLT can accelerate movement during orthodontic treatment.

Heravi et al28 LLLT did not accelerate orthodontic tooth movement
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irradiated area. Youssef et al27 indicated that radiographs 
had no evidence of harm in the dental and periodontal 
tissue promoted by LLLT. Sousa et al25 found no 
statistically significant difference between the LG and 
CG groups in the resorption of either root or alveolar 
bone ridge. Üretürk et al24 concluded that all subjects 
had excellent gingival and periodontal status at all time 
points of experiment with no significant difference in the 
plaque index, the gingival index, and the bleeding scores. 
Varella et al23 showed plaque accumulation was negligible 
and periodontal decimation was not found in any subject 
pending the investigation.

Discussion
A major determinant of orthodontic tooth motion is 
the method of bone remodeling in the periodontal 
tissues,29 affected by different local and systemic factors 
like nutrition, age, and medications30,31 and internal 
factors such as cytokines,32, 33 interleukin-1β (IL-1β), and 
prostaglandins (especially PGE2).34,35

LLLT has been considered to be effective in relieving 
pain, healing soft tissues, muscle relaxation,36 immune 
system modulation,37 fibroblast proliferation,38,39 and 
nerve damage recovery. LLLT incites vascularization of 
the bone defect, fracture position, as well as osteoblasts, 
which can assist the recuperation of hard tissue.40

Several reports41,42 have demonstrated that LLLT could 
accelerate tooth motion in animals. Some researchers 
used clinical trials to assess the effect of LLLT on the 
speed of OTM, but the findings were divergent. Hence, 
this systematic review can be favorable and helpful.

Cruz et al,13 (first accomplished human subject studies) 
conducted a 2-month study on 11 patients to evaluate the 
rate of tooth motion and indicated significantly higher 
acceleration of canine retraction in the laser-treated 
group. Eight studies12,19,22-27 showed similar results to those 
obtained by Cruz et al, but 2 studies20, 21 like Limpanichkul 
et al43 studied maxillary canine retraction in 12 young 
adult patients and found no significant differences in the 
rate of tooth movement over a 3-month period because of 
high-level energy density, and they stated that there was 
no significant difference between the LLLT side and the 
placebo or controlled side.

Generally, the LLLT improved the vitality actions of 
the cell by upregulating mitochondrial ATP production.44 
Therefore, the bio-stimulatory impact of LLLT was a result 
of cell activation. The fundamental method of orthodontic 
treatment is bone absorption and deposition, identified 
as bone remodeling promoted by forces. Accountable 
for bone resorption and bone formation, osteoclasts and 
osteoblasts are crucial points in this process.45,46

Some studies47 have verified the effect of the LLLT 
on stimulating this process of bone remodeling. Speed 
growth of orthodontic movement following the use 
of laser irradiation could be observed because of an 
increased number of osteoclasts and/or activities in the 

laser-treated area of the animal models.48 Similar findings 
in the proliferation of osteoclasts and osteoblasts, which 
could influence the activity of each other, have broadly 
been reported in other relevant studies and bone healing 
and vascularization seem to accompany this process.49 
Lately, there has been a deeper understanding that the 
LLLT has enhanced tooth movement speed by stimulating 
the RANK/RANKL/OPG system,50,51 reflecting the 
differentiation level of osteoclasts and essential for bone 
remodeling.

IL-1β has an important role in bone metabolism.52 It is 
discharged by fibroblasts, macrophages, cementoblasts, 
osteoblasts, lymphocytes, and osteoclasts. During the 
first phase of orthodontic tooth motion, this is one of the 
strongest cytokines in the periodontal setting secreted by 
osteoclasts as an instant response to mechanical stress in 
the early phase of orthodontic tooth motion and in the 
later phase by macrophages. In compressed areas of the 
periodontal ligament, the accumulation of IL-1β was 
noted. Because osteoclast fusion, survival, and activation 
correspond to IL-1β, this cytokine defines the amount of 
tooth movement based on the efficiency of alveolar bone 
remodeling. Furthermore, IL-1β is straightly related to 
bone resorption since it stimulates the RANKL expression 
in osteoblasts and periodontal ligament cells and incites 
osteoclast precursors to be differentiated.53-55 The studies 
conducted by Varella et al23 and Üretürk et al24 showed that 
the laser group illustrated a higher rise in the levels of IL-
1β relative to the control group and there was a positive 
correlation between the levels of IL-1β and the quantities 
of motion of the tooth at all times.

The low-level laser aims at the mitochondria, 
cytochrome-c oxidase in the electron transport chain and 
porphyrins on the cell membrane. When light photons 
are absorbed, three things happen: the incitement of 
adenosine triphosphate synthesis by making active the 
electron transport chain, the provisional stimulation of 
reactive oxygen species, and the transient emancipation 
of nitric oxide from its binding site on cytochrome-c 
oxidase causing growth in cell respiration.56,57 These 
significant variables have a significant role to play in 
the clinical effectiveness of LLLT. With this in mind, 
Genc et al26 evaluated the amount of nitrous oxide in 
the gingival crevicular fluid and finally they showed the 
measured nitrite and nitrate levels in both the control and 
laser groups were similar and no statistically significant 
outcomes were observed.

The biomodulation impact of lasers relies upon the 
irradiation dose.58 Moreover, it was verified that the laser 
has low-dose biostimulatory impacts.5,59 As indicated 
by former studies, energy densities in the range of 0.71 
and 8 J/cm2 during canine retraction were efficacious 
in accelerating tooth movement5,60,61 contrasted with the 
group with high-level energy density (20–25 J/cm2).43 As 
we can see, all of our reviewed studies used the laser with 
energy densities between 0.71 and 8 J/cm2. 
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Various parameters have been shown to be efficient for 
different lasers; however, optimal quantities have not yet 
been found out exactly.62 All of the protocols are empirical 
and there is no agreement for them. In addition, a perfect 
intermediation plan for LLLI has not been set up so far; 
however, it has been recommended that the application be 
at the onset of OTM and be applied several times instead 
of once.63 This recommendation has been applied in all 
our studies.

Ten out of 11 studies reviewed19-27 were a split-mouth 
study, which is a strong point of the studies because the 
environment conditions for both control and laser groups 
are the same, so it makes the results more realistic. Only 
in the study by AlSayed Hasan et al24 used two groups 
each with 13 patients.

In the study by Qamruddin et al,22 an important point, 
which we recommend that researchers use it in future 
studies, is that a plastic shield was utilized as an obstacle 
having the same wavelength as the laser so as to prohibit 
the carry-across result which is a conceivable disadvantage 
of split-mouth studies. Moreover, OTM evaluations made 
errors in almost all studies because of anchorage losses 
related to tooth motion, which was not considered, but in 
the studies conducted by Qamruddin et al22 and Varella 
et al,23 palatal rugae were designated as the reference 
because the palatal rugae are a constant landmark and are 
not influenced by orthodontic treatment. 

When applying the low-level laser in orthodontics, the 
primarily concerned potential adverse effect of LLLT is 
harmful to alveolar bone, periodontal tissue, and root, 
which is usually deemed unfavorable in orthodontic 
treatment, but no apparent damage has been observed in 
the alveolar bone, periodontal tissue, and root. Therefore, 
the insecurity or adverse effects induced by LLLT were 
not demonstrated.56,63

In 2014, Kansal et al21 did the CCT and realized that 
there were no statistically significant differences in the 
rate of tooth motion during canine retraction between 
the laser group and the control group. The possible reason 
for this result may be sample size in this study that was 
only 10 patients and this could be ascribed to changes 
in biology, bone characteristics, and canine root posture 
in the cortical plates. These variables are likely to be 
minimized by collecting a much larger sample.

In 2015, Dalaie et al20 carried out a double-blind 
randomized CCT, the result of which revealed that the 
influence of laser irradiation on the amount of tooth 
motion was not significant (P = 0.45). This result may be 
due to differences in radiation parameters; in addition, 
the small number of evaluated patients, only 12, can also 
have some effects on the result of the study.

In 2014, Heravi et al28 did a single-blind CCT and 
concluded that LLLT has no significant impact on canine 
movement velocity. It is possible that these findings are 
because of differences in radiation parameters.

In spite of the fact that this systematic review was carried 

out intently according to standard methods, there were 
still a few constraints. First, although a plenary literature 
search was conducted, just 11 studies were included in 
this survey. Second, the methodological heterogeneity 
and the lack of comparability of the main results can 
impress the qualitative summary of this study. Third, 
the language limitation in search of literature could have 
brought bias into this review. Fourth, some studies did 
not elaborate the information we required in the article. 
Although we attempted to contact the researchers, there 
was no response.

Although we have some degree of understanding from a 
cellular point of view to LLLT effects, we still do not know 
whether this cellular level changes have any effect on the 
clinical acceleration of orthodontic tooth movement. The 
results are inconclusive and cannot be generalized to the 
public community; therefore, well-structured studies are 
required to eliminate bias in order to get into a better 
knowledge of the LLLT effect on the acceleration of 
orthodontic tooth motion.
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