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Abstract 
Orthodontic treatment addressability has increased exponentially in recent years due to a higher concern for 

esthetic results not only among young patients but especially among adults. Complex oral rehabilitation imposes the 

collaboration of several specialists to meet the ever more selective needs of patients on order to deliver a truly 

comprehensive treatment plan.  

A long-term orthodontic treatment is not only taxing for patients, resulting in diminishing compliance of 

patients throughout the duration, but could also cause a multitude of side effects, such as alveolar bone and root 

resorption, gingival recession and a higher caries risk.  

In this context accelerating orthodontic tooth movement can significantly reduce treatment duration and 

thus the risks of side effects. The rate of orthodontic tooth movement is chiefly determined by the remodeling of 

tissues surrounding the roots. 

Laser dentistry is a fast evolving field with many applications in surgery, implant dentistry, periodontology, 

endodontics, and orthodontics. 

The purpose of this study is to analyze the possibility of accelerating orthodontic tooth movement through 

the use of low level laser treatment and to highlight the advantages, disadvantages and limitations of this technique 

in light of recent clinical and molecular findings. 

Keywords: Orthodontic treatment, Accelerating tooth movement, Laser, 

Photobiomodulation, Bone remodeling 

 

Introduction 

Orthodontics as a field in dentistry 

has seen great development in achieving the 

desired treatment outcome, both from a 

clinical point of view, as well as from a 

technical point. This was brought about by 

the advent of new technologies and 

advances in computers and biomedicine. 

Novelties in computer hardware and 

software, 3D imaging technologies present 

the possibility for a tailored, fully 

individualized treatment plan and 

biomechanical step by step guidance for 

maximum efficiency that will be more 

thoroughly accomplished within the next 

few years [1] These technologies combined 

with 3D printing are already being applied 

to customized appliance fabrication such as 

aligners and retainers. In addition, 

continuous modification and improvement 

of wires and brackets as a result of the 

biomechanical efficiencies in orthodontics 

has greatly improved [2] 

However, working simultaneously, 

both on the biomechanical system and on 

the biological host tissue reaction will have 
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a maximum effect in the efficiency of the 

treatment plan.  Today, it is still very 

challenging to reduce the duration of 

orthodontic treatments.  

The time span of orthodontic 

treatment is the primary concern of most 

patients, especially when talking about 

adults. Unfortunately, lengthy orthodontic 

treatment time poses several drawbacks such 

as a higher predisposition to dental caries, 

gingival recession, periodontal disease and 

root resorption [3,4] Therefore this raises the 

demand to find the optimum method to 

maximize the rate of tooth movement with 

the slightest possible disadvantages. 

Orthodontic treatment is predicated on the 

premise that when force is transferred to a 

tooth and thereby transmitted to the adjacent 

periodontal tissues, various biomechanical, 

chemical, and cellular events take place 

within these tissues, which assign for 

structural transformations and contribute to 

the movement of teeth.  

The rate of orthodontic tooth 

movement (OTM) is chiefly determined by 

the remodeling of tissues surrounding the 

roots; this in turn is under the control of 

molecular mechanisms regulating cellular 

behaviors in the alveolar bone and 

periodontal ligament. Usually, this process 

is slow and orthodontic treatment times can 

range anywhere between 12-48 months.[3] 

By enhancing the body’s response to these 

forces, tooth movement can be accelerated. 

Many therapeutic options are available to 

accelerate tooth movement, such as surgical 

methods (corticotomy, piezosurgery etc), 

mechanical or physical stimulation methods 

(vibration, lasers), drugs, magnets etc. Some 

of these methods have been successfully 

proven to reduce treatment times by up to 

70%. [5-7] 

In this wide set context, this article 

aims to analyze the use of low level laser 

treatment as an adjunct to orthodontic 

treatment and to highlight the advantages, 

disadvantages and limitations of this 

technique in light of recent clinical and 

molecular mechanisms underlying 

accelerated orthodontic tooth movement, 

and the clinical and experimental methods 

variations with possible molecular 

implications. 

 

Molecular mechanisms of 

orthodontic tooth movement 

Osseous tissue modeling is the 

uncoupled mechanism of activation- 

resorption (catabolic) or activation-

formation (anabolic) on bone surfaces, 

culminating in alterations of the shape, size, 

or position of the bone.[8] Bone remodeling 

or turnover, however, is a firmly coupled 

local process, which begins with bone 

resorption, continued by reversal and bone 

formation phases, concluding in the 

substitution of old bone with new bone.[9] 

Both bone modeling and remodeling are at 

the root of the rate of orthodontic tooth 

movement. 

Both bone modeling and remodeling 

are determined by the cellular activities of 

osteoclasts, osteoblasts, and osteocytes. 

Among these, osteoclasts carry out 

resorption, while osteoblasts determine bone 

formation during bone modeling. The 

resorption-formation sequence of the bone 

remodeling process is performed by basic 

multicellular units, which are organized 

osteoclasts and osteoblasts. Both 

biochemical and mechanical factors regulate 

the rates of bone modeling and 

remodeling.[10] 

Activation of osteoblasts by 

mechanical forces, inflammatory stimuli, or 

hypoxia appears to be the first and necessary 

step in orthodontic tooth movement. 

Activated osteoblasts are responsible for the 

expression of specific mediators of 

osteoclast formation and initiation of bone 

resorption. Applying orthodontic force on a 

tooth generates local hypoxia and fluid flow, 
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triggering an aseptic inflammatory cascade 

culminating in osteoclast resorption in areas 

of compression and osteoblast deposition in 

areas of tension. Compression and tension 

are correlated with particular signaling 

factors, establishing local gradients to 

coordinate reshaping of the bone and 

periodontal ligament for tooth 

movement.[11] 

Paramount coordinators of 

inflammation and tissue transformation 

consist of secreted molecules such as 

RANK- RANKL (Receptor activator of 

nuclear factor kappa-Β 

ligand) and osteoprotegerin (OPG), 

macrophage colony-stimulating factor (M-

CSF), transcription factors such as RUNX2 

and hypoxia- inducible factor, cytokines 

(such as IL-1, IL-6, IL-8, IL-10, IL-

17), prostaglandins, TNF-α, vascular 

endothelial growth factor (VEGF) 

and matrix metalloproteinases (MMP), 

among others. [12-14] 

Inflammation which develops during 

orthodontic treatment needs to be properly 

managed, as unrestrained inflammation 

produces tissue destruction manifested in 

orthodontic-induced root resorption and 

periodontal disease. Understanding the 

biology has profound clinical implications 

especially in the area of accelerating 

orthodontic tooth movement.  

 

Effect of lasers on periodontal 

tissues 

Every area of dentistry has been 

positively impacted by the implementation 

of laser technology including oral medicine, 

oral surgery, pediatric and operative 

dentistry, periodontics and implantology, 

prosthetic dentistry.[15,16] The capability to 

carry out minimally-invasive procedures 

with minimal or absolutely no discomfort to 

patients has made a formidable imprint in 

the dental care practice. [17] 

In order to have an effect on the rate 

of orthodontic tooth movement the laser 

light must be tissue-penetrating. This can be 

achieved by various types of lasers, such as 

He-Ne, Nd: YAG, and diode lasers, which 

are frequently used in the dental field. 

Different low-energy laser modalities have 

been used in different doses and in various 

treatment protocols, including helium-neon 

(632.8 nm wavelength) and semiconductor 

lasers (emitting light in the range of 780-950 

nm), gallium-aluminum-arsenide (GaAlAs) 

(805 ± 25 nm wavelength) and gallium-

arsenide (904 nm wavelength). Among these 

diode laser light has a high penetration rate 

and is minimally absorbed by water.[18] In 

addition, diode lasers are relatively 

inexpensive devices and easy to miniaturize, 

which has led to the development of a wide 

range of clinical applications. Laser therapy 

can aid in repairing the mucosa, controlling 

pain, and accelerating wound healing 

through low mechanical stress on the root 

surfaces and bactericidal and detoxifying 

effects. [19]  

Photobiomodulation or low-level 

laser therapy (LLLT) is one of the most 

auspicious techniques implemented 

presently. LLLT has a biostimulatory effect 

on the regeneration of bone, which has been 

shown recently in a systematic review which 

concluded that this approach seems to be a 

promising intervention for stimulating 

immediate bone regeneration and healing 

after midpalatal suture expansion.[20] 

Furthermore, it stimulates bone regeneration 

after bone fractures and aids in healing after 

tooth extractions.[21,22] It has been found 

that laser light stimulates the proliferation of 

osteoclasts, osteoblasts, and fibroblasts, and 

thereby affects bone remodeling and 

accelerates tooth movement. [23] 

The exact mechanism of laser-cell 

interaction is still unclear, however, the 

stimulation of photoreceptors in the 

respiratory chain of mitochondria, 

https://www.sciencedirect.com/topics/medicine-and-dentistry/osteoclast
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alterations in the cellular ATP levels and 

cell membrane stabilization have been 

considered. It is generally accepted that laser 

effects on cells are wavelength and dose-

dependent and there is a "window of 

specificity" at certain wavelengths and 

energy dosages. [24] Molecular absorption 

of laser light is a prerequisite for any cellular 

effect. The process which occurs in the 

acceleration of tooth movement is the 

generation of ATP and activation of 

cytochrome C [24,25]. Nimeri et al wrote in 

a review that low-energy laser irradiation 

enhanced the velocity of tooth movement 

via RANK/RANKL and the macrophage 

colony-stimulating factor and its receptor 

expression.[26] These observations were 

first based on animal experiments that have 

pointed out that LLLT can accelerate tooth 

movement. A Laser wavelength of 800 nm 

and output power of 0.25 mW have 

determined important stimulation of bone 

tissue metabolism, rapid ossification, and 

also acceleration of tooth movement to up to 

1,5 times in animal experiments. [27,28] 

In another animal study Shirazi et al., 

found that in the laser-irradiated group, the 

amount of tooth movement was significantly 

greater than that of the non-irradiated group 

(2.3-fold), however there was no significant 

difference between the non-irradiated and 

indirectly irradiated groups. Also, 

histopathological studies reported that the 

number of osteoclasts in the laser-irradiated 

group was considerably higher than that of 

the non-irradiated group (1.5-fold) while this 

number was almost the same in the non-

irradiated and indirectly irradiated 

groups.[29] The results presented by the 

authors suggested that low-level laser can 

accelerate the rate of bone remodeling.  

On the other hand, in another study 

which used a laser with a wavelength of 

790 nm, 4.5 J/cm2 per point dose, the 

procedure being repeated every 48 h, 

totaling nine applications. The active 

movement was clinically evaluated after 7, 

13, and 19 days. The authors found no 

statistically significant difference between 

the laser and control groups on the amount 

of tooth movement in the different times 

evaluated and they concluded that laser 

phototherapy, with the parameters in the 

study, did not significantly increase the 

amount of tooth displacement during 

induced orthodontic movement in 

rodents.[30] 

In a more recent study 

photobiomodulation was applied on an 

experimental group of rats and the authors 

observed that this procedure increased the 

population of osteoblasts. Moreover, the 

application of three sessions increased the 

density of collagen fibers and new bone 

formation compared to the controls. An 

increase was observed in the interincisal 

distance in irradiated groups with three 

sessions and the application of force. These 

findings suggest that PBM can contribute 

positively to the orthodontic movement.[31] 

As such it was concluded in this study that 

laser therapy can be used as an adjunct 

procedure to be performed concurrently for 

orthodontic treatment in the dental clinic. 

Further along, attempts were made in 

which different intensities of laser were used 

and different results were obtained. Low-

level laser therapy can be a very useful 

technique for acceleration of tooth 

movement since it increases bone 

remodeling without side effects to the 

periodontium. [26] 

Going one step further, Gomez et al 

in 2017 evaluated the effects of a GaAlAs 

diode laser on the periodontal tissues in 

normoglycemic and diabetic rats. Sixty adult 

male Wistar rats were divided into four 

groups of 15 rats: normoglycemic (N), 

diabetic (D), laser-normoglycemic (LN), and 

laser-diabetic (LD) rats. Laser irradiation in 

CW (continuous wave) of 780-nm, 20 mW 

output power and energy density of 
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640 J/cm2 was applied in an exposure time 

of 40 s. Histomorphological and 

immunohistochemical analysis was 

performed. The photobiomodulation (PBM) 

strongly stimulated the periodontal tissue 

response, establishing mainly the balance 

between the bone formation and resorption. 

The number of osteopontin-positive 

osteocytes was significantly greater in the 

LN group, followed by the LD, especially at 

7 and 14 days, whereas osteoprotegerin-

positive osteoblasts were significantly 

higher in the LN and LD groups than in the 

N and D groups, respectively, in all periods. 

The photobiomodulation greatly stimulated 

the remodelation of the alveolar bone and 

increased the continuous reorganization of 

the soft periodontal tissues, leading to the 

maintenance and integrity of the periodontal 

microstructure under orthodontic force, 

especially in uncontrolled diabetic rats. [32] 

In 2004, Cruz et al first carried out a 

human study on the effect of low-intensity 

laser therapy with a 780 nm diode on OTM. 

They showed that the irradiated canines 

were retracted at a rate 34% greater than the 

control canines over 60 days.[33] 

In a clinical trial study Doshi-Mehta 

used a laser in continuous wave mode at 800 

nm, with an output of 0.25 mW, and 

exposure of 10 s. These parameters were 

found to increase tooth movement 1.3-fold 

more than the control.[34] 

In another study Youssef et al. 

assessed the effect of the low-level 

(GaAlAs) diode laser (809 nm, 100 mW) on 

canine retraction. Their findings suggested 

that LLLT therapy can highly accelerate 

tooth movement during orthodontic 

treatment and can also effectively reduce 

pain level throughout the retraction 

period.[35] 

Altan et al. studied the effects of 

820-nm diode laser on osteoclastic and 

osteoblastic cell proliferation activity and 

RANKL/OPG release during orthodontic 

tooth movement and concluded that laser 

irradiation speeds up the bone remodeling 

process by stimulating the proliferation and 

function of osteoblastic and osteoclastic 

cells and during OTM.[36] 

A very recent randomized controlled 

clinical trial compared LLLT to 

corticotomy-facilitated orthodontics on 

RANKL release during orthodontic tooth 

movement.  The authors observed that both 

interventions will increase the RANKL 

release during orthodontic tooth movement 

and as RANKL is a key molecular factor in 

osteoclastogenesis, one can assume that 

LLLT and corticotomy-facilitated 

orthodontics can accelerate the rate of OTM. 

However, unlike corticotomy, LLLT has the 

advantage of being a non-invasive treatment 

modality that maintains the high RANKL 

concentration levels throughout the 

treatment. [37] 

Shenava et al, in a review of the 

literature, after analyzing various studies on 

low level laser therapy, has observed that 

orthodontic tooth movement is increased by 

30-60%. The diversity amongst the studies 

seems to stem from variations in frequency 

of application of laser, intensity of laser, and 

method of force application on the 

tooth.[38] Having said this, there are a lot of 

contradictory results related to the LLLT. 

Therefore, more experiments are needed to 

differentiate the optimum energy, 

wavelength, and the optimum duration for 

usage. 

A recent systematic review and 

meta-analysis of randomized clinical trials 

on the effect of low-level laser therapy on 

orthodontic movement of human canine 

supported the idea that this technique can 

increase the rate of OTM of human canines 

and consequently decrease the treatment 

time, therefore, it represents an appropriate 

adjuvant therapy for orthodontic 

treatment.[39] 
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Low-level laser is a type of laser 

with various photobiomodulation effects, 

and these potential effects of laser stimulate 

the velocity of tooth movement and thereby 

facilities the tooth movement in 

orthodontics. Low-level Laser Therapy 

(LLLT) has an energy output that is low 

enough not to cause the temperature of the 

treated tissues to rise above the normal body 

temperature. [40] 

The radiation has a cumulative 

effect; this implies that part of the previous 

delivered dose can be accumulated in the 

next radiation. [41] Therefore, clinicians 

must be conscientious not to surmount the 

biostimulating dose or reach the inhibition 

range. It has been showed that an important 

boost in the total amount of tooth movement 

is achieved in the group with a low-level 

laser energy density (5–8 J/ cm2) compared 

to the group with high-level laser energy 

density (20–25 J/cm2). [42] 

On the other hand, some studies 

show that low-energy laser irradiation does 

not accelerate tooth movement and some 

authors claim it can even inhibit it. [43-46] 

The discrepancies may be explained 

by the different treatment protocols used in 

these studies, including the wavelengths of 

the lasers, irradiation doses, locations, and 

frequencies.  

There are various psychological, 

biological and clinical peculiarities between 

the treatment needs of adults and children, 

especially when talking about orthodontic 

treatment. [47] Adults have more specific 

goals and interests associated to facial and 

dental aesthetics, the type of appliances used 

and the extent of treatment. Growth is a 

negligible factor in adults compared to 

children (in whom development can 

ameliorate or even correct certain anomalies 

such as ankyloglossia) and there is an 

escalating possibility that hyalinization 

might ensue during treatment.[48,49] 

Moreover, cell mobilization and 

reorganization of collagen fibers is more 

diminished in adults than in children. 

Finally, adults are more susceptible to 

periodontal complications since their teeth 

are confined in non-flexible alveolar 

bone.[50,51] 

These considerations make 

orthodontic treatment of adults different and 

challenging as well as necessitate special 

concepts and procedures, such as the use of 

invisible appliances, shorter periods of 

treatment, the use of lighter forces and more 

precise tooth movements. 

 

Conclussion 

Insight into the periodontal biology 

has extensive clinical implications notably 

in the area of accelerating orthodontic tooth 

movement. Several methods are being tested 

to move teeth faster to diminish treatment 

times and time-dependent adverse outcomes. 

Progress in this area of dentistry and the 

advent of a personalized medicine, including 

custom made appliances, will ensure 

orthodontic treatment occurs more 

efficiently and safely. 

Because of its noninvasiveness and 

relative ease of operation, low-level laser 

irradiation is a useful tool for accelerating 

orthodontic tooth movement. LLLT can 

speed up the rate of tooth movement and 

consequently decrease the treatment time 

and it represents an appropriate adjuvant 

therapy for fixed orthodontic treatment. 

However, more research is required in order 

to determine the optimum protocol to 

enhance its effect and reduce the frequency 

of irradiation to make the method more 

clinically efficient. 
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