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INTRODUCTION 

The long treatment period of 2-3 years associated with 

fixed orthodontic treatment is often a major patient 

concern.
[1]

 However, this duration is influenced by 

various factors such as case severity, extraction versus 

non-extraction therapy etc and is indirectly associated 

with an increased risk of root resorption, gingival 

inflammation and dental caries making it an equally 

important concern for the orthodontist.
[1,2,3] 

 

Orthodontic tooth movement arises when externally 

applied forces produce an injury to the periodontal 

ligament causing inflammation leading to both 

pathological and physiological responses.
[4,5] 

An entire 

series of events subsequently follows leading to bone 

resorption and apposition through modelling–

remodelling producing tooth movement.
[6] 

The amount of 

tooth movement in response to the applied force is 

influenced by several factors such as gender, status of 

periodontal ligament (PDL), the type of tooth movement 

and the magnitude of the applied force.
[7] 

 

So far, a lot of surgical and non-surgical attempts have 

been made to find approaches for enhancing orthodontic 

tooth movement. The surgical category includes alveolar 

decortication, corticotomy, distraction of the periodontal 

ligament or the dento-alveolus,
[8] 

while injections of 

prostaglandins
[9,10]

, active form of vitamin D.
[9,11]

 and 

osteocalcin
[10,11] 

around the alveolar socket, resonance 

vibration
[12]

 and ultrasound waves
[13]

 are few amongst the 

non-surgical ones. Though these substances stimulate the 

rate of tooth movement, they also have the undesirable 

side effects of local pain and discomfort during the 

injections.
[14] 

 

Low level laser therapy (LLLT) or photobiomodulation, 

came into use in its modern form in 1971 and 

subsequently has been used in orthodontics for reduction 

of post-adjustment pain
[15]

, bone regeneration in 

midpalatal suture area after rapid maxillary expansion
[16]

 

and accelerating tooth movement.
[1,7] 

 

Over the last decade, many histologic studies have 

attempted to determine the effect of LLLT on the rate of 
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ABSTRACT 

Background: Pain and long treatment duration are two of the majors concerns associated with fixed orthodontic 

treatment. Low level laser therapy (LLLT) as a non-surgical approach has been reported to challenge both the 

concerns. The aim of the present study was to assess the effect of low level laser therapy on rate of orthodontic 

tooth movement during canine retraction and its subsequent association with gender and age. Methodology: A split 

mouth single blind interventional study was carried on 40 sites (18 patients) of both genders in the age group of 13 

to 20 years requiring fixed orthodontic treatment with extraction of the first premolars in both or either arch. 

Segmental canine retraction was carried out using a nickel-titanium closed-coil spring. The laser side received low 

level laser application and simulations were given on the opposite side on days 0, 3,7,11,15,28,31,35,39,43 and 56 

post commencement of canine retraction. Tooth movement was measured on study models RESULT: A difference 

in the rate of tooth movement was observed to be 0.02 mm/day between the two groups with the laser side showing 

faster movement. The association between age and rate of movement in the laser group was negative i.e. the 

amount of tooth movement decreases with age. CONCLUSION: Low level laser therapy is effective in accelerating 

orthodontic tooth movement thus reducing the treatment duration with no association with age. 
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orthodontic tooth movement.
[17] 

However the results of 

these studies on the rate of tooth movement are 

controversial as some report a significant acceleration of 

tooth movement in the laser group compared to the 

placebo application while others report no difference or 

even indicated the inhibitory effect.
[18] 

 

Hence the aim of the present study was to determine the 

effect of LLLT on tooth movement and establish a 

protocol to improve the patient’s comfort, compliance as 

well as possibly shorten the treatment time.  

 

MATERIALS AND METHODOLOGY 

This study was a split mouth single blind interventional 

study carried out in the Department of Orthodontics and 

Dentofacial Orthopaedics at Maulana Azad Institute of 

Dental Sciences, New Delhi over a period of 12 months. 

The sample size was determined as 40 sites (18 patients) 

at a confidence level of 95%. These patients aged 

between 13 to 20 years comprised of 16 females & 2 

males who required fixed orthodontic treatment with 

extraction of the first premolars in both or either arch. 

 

All subjects fulfilling the inclusion criteria were included 

and patients with unerupted or impacted second 

molars/second premolars, decreased levels of alveolar 

bone, any history of prior systemic disease or long term 

medications were excluded in the study. A written 

consent was obtained from all the subjects prior to the 

commencement of the study. 

 

The study design was approved by the ethics committee 

of Maulana Azad Institute of Dental Sciences, New 

Delhi, India. All procedures performed in studies 

involving human participants were in accordance with 

the ethical standards of the institutional and/or national 

research committee and with the 1964 Helsinki 

declaration and its later amendments or comparable 

ethical standards. 

 

The selected patients were bonded with 0.022 in slot 

McLaughlin Bennett Trevisi brackets and alignment and 

levelling of teeth were carried out using subsequent NiTi 

and stainless steel wires. After the completion of 

alignment and leveling, a final working wire 0.019” x 

0.025” stainless steel was placed and individual canine 

retraction was started with a 9 mm nickel-titanium 

closed-coil spring (Optima
R
, Desire orthodontics) placed 

from the hook of the molar tube to the hook of the canine 

bracket. 

 

Standardized anchorage control protocol using a Nance 

palatal arch and second molar banding was followed in 

all the cases. The incisors and molars were consolidated 

using a figure of eight with 0.009 inch stainless steel 

ligature wire. A force of 75 g measure by a Dontrix 

gauge was used for individual canine retraction. Patients 

were asked to report immediately if the spring dislodged 

or broke; it was then replaced.  

 

Following the placement of the coil springs, all the 

patients were randomly allocated into two groups – Laser 

Group (LG) and the Placebo group (PG). Each group 

consisted of an upper or lower canine of an arch with the 

contralateral canine placed in the remaining group. The 

laser probe (Photon plus diode laser®, Zolar Technology 

& Mfg. Co.Inc. Canada, Gallium Aluminium Arsenic 

based diode laser 980 nm, 100mW, continuous wave 

mode) was placed in contact with the mucosa and aimed 

at 5 points buccally and palatally around the canine i.e. 

two in the cervical third, two in the middle third and one 

at the apex of the root. The laser was applied on 0, 

3,7,11,15,28,31,35,39,43 and 56
th

 day which amounted 

to a total dose of 10 J (10 x 10 s x 100 mW) per 

application. The placebo group consisting of the 

contralateral canine of the same arch received no laser; 

only simulations. The laser and the placebo application 

were done by a single operator. 

 

Alginate impressions were taken before starting canine 

retraction (T00), at days 28 (T28) and 56 (T56). The 

amount of tooth movement in millimeters was prompted 

by measuring the distance between the tip of the mesial 

cusp of the first molar and the tip of the canine cusp and 

the distal surface of lateral incisor bracket slot and mesial 

surface of the canine bracket slot. Tooth movement was 

measured using the study models with a digital vernier 

caliper using standard landmarks at day zero, day 28 and 

day 56. 

 

All data was tabulated and analyzed using the statistical 

software program (SPSS Inc, Chicago, Ill). The 

descriptive statistics of mean differences, standard 

deviations and standard errors were calculated for all 

variables and the results were calculated using 

independent t test. A p value of <0.05 was considered 

significant. 

 

RESULTS 

The sample of 18 patients comprised of 2 males and 18 

females in the age group of 13- 20 years with a mean age 

of 16 years.  

 

Table 1 depicts the mean distances and changes in the 

mean distances measured in the respective groups, LG2 

and PG2 at the three time intervals. Figure 1 shows a 

pictorial representation of the same. 

 

Independent T test done for comparison change in the 

mean distance at the three time intervals; T00, T28 and T56 

between the two groups revealed significant differences 

between the change in mean movement of the two 

groups at T00 - T28 and T00-T56. However, when T28-T56 

was compared, the change was not significant (Table 2). 

Table 3 depicts the rate of tooth movement of the LG2 

and PG2 measured over a period of 56 days. The 

difference of 0.02 mm/day between the laser and the 

placebo group is represented in Graph 2 signifying that 

the rate of tooth movement increases with the application 

of low level laser therapy. 
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Association between age and rate of movement can be 

seen in Table 4 where the correlation coefficient depicts 

a negative association between age and tooth movement 

i.e. the amount of tooth movement decreases with age in 

LG2. However the PG2 does not show any significant 

association. 

 

Table 1: Mean Distances between the canine cusp tip and mesiobuccal cusp tip of the molar (mm) and the lateral 

incisor and canine. 

GROUPS N T00 T28 T56 
Mean distance between the canine cusp tip and mesiobuccal cusp tip of the molar ( mm) 
LG2 20 19.95 ± 1.46 17.72 ± 1.53 16.54 ± 1.60 
PG2 20 19.26 ± 1.70 17.72 ± 1.41 16.83 ± 1.42 

Changes in the mean distance between the canine cusp tip and mesiobuccal cusp tip of the 

molar (mm) 
GROUPS N T00 - T28 T00 - T56 T28 – T56 

LG2 20 2.23 ± 0.97 3.41 ± 1.46 1.18 ± 0.73 
PG2 20 1.53 ± 1.13 2.42 ± 1.37 0.89 ± 0.55 

Changes in the mean distance between the distal surface of the lateral incisor and mesial 

surface of the canine bracket (mm) 
GROUPS N T28 -T00 T56 – T00 T56 – T28 

LG2 20 1.92 ± 0.86 3.14 ± 1.30 1.47 ± 0.73 
PG2 20 0.96 ± 0.63 1.89 ± 0.71 0.93 ± 0.57 

LG2: Laser Group T00: Start of canine retraction at Day 0  

PG2: Placebo group  T28: At Day 28 

T56: At Day 56 

 

Table 2: Intergroup comparison of the change in the amount of tooth movement using an independent t- test. 

t – test for Equality of Means 

 
t df Sig. (2-tailed) 95% Confidence Interval of the Difference 

    
Lower Upper 

Changes in the mean distance between the canine cusp tip and mesiobuccal cusp tip of the molar 

(mm) 
T00 - T28 2.08 38 0.04* 0.018 1.37 
T0 - T56 2.20 38 0.03* 0.08 1.89 

T28 – T56 1.43 38 0.16 (NS) 0.12 0.71 
Changes in the mean distance between the distal surface of the lateral incisor and mesial surface 

of the canine bracket (mm) 
T28 -T00 4.00 38 0.0001* 0.47 1.44 
T56 – T00 4.51 38 0.0001* 0.83 2.17 
T56 – T28 2.60 38 0.01* 0.12 0.96 

* Level of significance < 0.05 

NS: Level of significance is not significant 

 

Table 3: Comparison of the rates of tooth movement. 

Groups Mean rate of tooth movement (mm/day) 
LG2 0.06 
PG2 0.04 

 

Table 4: Correlation between age and the amount of tooth movement. 

Group N= 20 Age 
Changes in the mean distance between the canine and the molar (mm) 

T00 - T28 T0 - T56 T28 – T56 

LG2 
Correlation 1 -0.51 -0.48 -0.27 
p value 

 
0.01* 0.03* 0.24 (NS) 

PG2 
Correlation 1 -0.41 -0.38 -0.10 
p value 

 
0.06 (NS) 0.09 (NS) 0.65 (NS) 

* Level of significance < 0.05 

NS: Level of significance is not significant 
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Figure 1: Changes in the mean distance between the 

canine cusp tip and mesiobuccal cusp tip of the molar 

at the three time intervals. 

 

 
Figure 2: Mean rate of tooth movement per day. 

 

DISCUSSION 

With increasing awareness about orthodontic treatment, 

patients have realized that the benefits of orthodontic 

treatment go beyond the obvious physical changes and 

prove to be a great way to improve their self-image. 

Thus, the field of orthodontics is constantly undergoing 

advances for discovery of new methods to improve 

patient compliance. 

 

The aim of the present study was to evaluate the 

effectiveness of low level laser therapy in tooth 

movement and establishment of a protocol possibly to 

reduce the treatment time.  

 

The external forces responsible for orthodontic tooth 

movement result in remodeling changes in the bone 

adjacent to the periodontal ligament (PDL) of the tooth 

where the force has been applied. The PDL cells secrete 

bone-resorbing cytokines to stimulate osteoclast 

formation and bone resorption in the direction of 

orthodontic force vector.
[19] 

To measure the activity of 

the osteoclasts responsible for bone resorption, RANKL 

(Receptor Activator for Nuclear Factor κ B Ligand) an 

osteoclast differentiation factor and its inhibitor 

osteoprotegerin (OPG) levels are evaluated.
[20]

 However, 

the bone remodeling is subject to a number of external 

factors such as nutrition, age and medications
[21]

 and 

internal factors such as prostaglandins (especially 

PGE2)
[22,23]

, interleukin-1β
[24] 

and cytokines
[25]

 

Accelerated orthodontics has been attempted by both 

surgical and non-surgical techniques.
 
One of the non-

surgical methods, low level laser therapy has proven to 

be non-invasive, easy to use without requirements of any 

special technique for its operations.
[26,27] 

 

Cruz et al
[28] 

conducted a two month study on 11 patients 

to assess the rate of tooth movement and showed 

significantly higher acceleration of canine retraction in 

laser treated group than in the control group. 

Limpanichkul et al
[1]

 studied maxillary canine retraction 

in 12 young adult patients and found no significant 

difference in the rate of tooth movement over a three 

month period.  

 

In the present study, the probe was place in contact with 

the mucosa and aimed at 5 points buccally and palatally 

around the canine i.e. two in the cervical third, two in the 

middle third and one at the apex of the root to cover the 

entire periodontal fibers and alveolar process around the 

canine. The laser was applied on 0, 

3,7,11,15,28,31,35,39,43 and 56
th

 day. The laser regimen 

was applied on days 0, 3, 7, and 14 in the first month. 

Thereafter, irradiations were done on every 15th day 

until complete canine retraction on the experimental side 

amounting to a total dose of 10 J per application (10×10 

s×100 mW)
 
which was well within the range required for 

biostimulation. Youssef et al
[7] 

also applied a total dose 

of 8J distributed over three points in the lingual and 

buccal PDL of the canines i.e. cervical, middle and 

apical on 0, 3, 7 and 14-day intervals after every 

activation.  

 

According to Dominguez et al
[17]

,
 
the levels of RANKL 

in GCF peaked at 48 hours in both groups but higher 

levels were observed in the laser group. The ratio of 

RANKL/OPG also peaked at 48 hours in both groups 

with higher concentrations in the laser group. Hence to 

maintain the peak RANKL and RANKL/OPG levels, 

laser irradiations were given every 48 hours for the first 

two weeks in the laser group. Applications for every 48 

hours over the first two weeks after the activation of the 

spring were required in order to maintain any 

biomodulation effect of LLLT on the periodontium.
[18] 

 

Post 28 days, when the records were taken and the spring 

was activated again to maintain a constant force, the 

same protocol was followed till the end of the study at 

day 56. 

  

Several hypotheses have been proposed for the 

mechanism by which LLLT accelerates tooth movement. 

Four main mechanisms have been described by which 

LLLT reduces pain i.e. the first where low level laser 

therapy causes increase in the RANKL levels in the 

periodontal ligament
[29]

, second where it acts by 

increasing osteoblastic cell proliferation leading to 

stimulation of osteogenesis and increase in bone density 

on the traction side
[30] 

and the third described by Kim et 

al
[31]

 where low level laser therapy facilitates the 

increased turnover of connective tissue. Lastly, 
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Yamaguchi et al
[32]

 studied that low level laser therapy 

can increase macrophage-colony stimulating factor (M- 

CSF) on the compressed side which may also increase 

osteoclastogenesis leading to tooth movement. 

  

The present study measured the distance between the 

canine cusp tip and the mesiobuccal cusp tip of the molar 

along with the distance between the distal edge of the 

lateral incisor bracket and the mesial edge of the canine 

bracket molar. Changes in the distance between the 

lateral incisor and canine were similar to the change 

between the canine and the molar thus overcoming the 

errors in previous studies. 

  

This study reported an increase in the rate of tooth 

movement in the laser Group (LG2) as compared to the 

(PG2) measured over a period of 56 days unlike studies 

by Limpanichkul et al
[1]

, Kansal et al
[33]

 and Hosseini et 

al
[34] 

who reported no significant differences in the rate of 

tooth movement.. The mean rate of tooth movement 

achieved was 0.06 mm/day in LG2 as compared 0.04 

mm/day in PG2. Significant differences were obtained in 

the change in the mean distance between the two groups 

at T00- T28 and T00- T56. However, the change in the mean 

distance between T28 and T56 was not significant. Thus, 

LLLT appears to have a positive effect on the rate of 

tooth movement. 

  

The correlation between age and the rate of tooth 

movement in the two respective groups depicted that the 

age and the amount of tooth movement were negatively 

correlated i.e. with an increase in age the amount of tooth 

movement decreased with significant changes in the laser 

group at T00- T28 and T00- T56. Beckwith et al
[35] 

reported 

that a decreased rate of tooth movement was observed in 

adult patients because of decreased vascularity and 

cellularity of tissues.
 
 

 

Hence, based on these findings it can be said with 

increase in age as the amount of tooth movement 

decreases, it would be highly beneficial to use LLLT as a 

tool to accelerate the tooth movement especially in such 

patients as not only does it increase the rate of movement 

without any side effects, but it also has an additional 

effect of increasing the vascularity and cellularity of 

tissues.
[36,37,38] 

 

CONCLUSION 

 The rate of orthodontic tooth movement determined 

in the study for the laser group was 0.06 mm per day 

compared to 0.04 mm per day in the placebo group, 

thus concluding that low level laser therapy 

accelerated the rate of orthodontic tooth movement. 

 

With increase in age as the amount of tooth movement 

decreases. 
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