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ABSTRACT 

 

Background: Low level laser is a type of laser with various bio stimulatory effects; Potential effects of laser in 

accelerating bone regeneration and consequently facilitating tooth movement have been considered widely in 

orthodontics.  

 

Aims & Objectives: Aim of this study was to assess the effects of Low level laser on the velocity of mandibular 

first molar protraction in orthodontic patients.  

 

Materials and Methods: Total 28 young adult patients (14 females and 14 males; age range 16-25) requiring 

extraction of mandibular second premolars were selected and molar protraction was carried out with T-loop on a 

rectangular Stainless Steel wire. In each patient one side was selected by random to irradiate with low level laser 

and other side with placebo. Laser regimen was applied at 0, 1 and 2 days and at the end of first, second and 

third months. Tooth movement was measured on prepared models at the end of first, second and third month.  

 

Results: We found 1.3 fold increases in rate of tooth movement in the irradiated group (p=0.000) than non-

irradiated group.  

 

Conclusion: Based on our findings, Low level laser accelerates tooth movement and consequently reduces 

treatment time.  
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INTRODUCTION 

 

Laser is potentially one of the most interesting 

inventions in dentistry. From when laser came into 

existence by Maiman [1], dentistry had a special 

approach towards it and numerous studies have 

been conducted on its effect in this field. Low level 

laser is a type of laser with various bio stimulatory 

effects including: wound healing [2], pain control 

[3,4] and accelerating bone regeneration [5,6]. 

Meanwhile, potential effects of laser in accelerating 

bone regeneration and consequently facilitating 

tooth movement has been considered widely in 

orthodontics.   

For the first time, Kawasaki & Shimizu [7] assessed 

the effect of low level laser therapy (LLLT) on the 

amount of tooth movement in rats. Their findings 

showed that LLLT engenders an increase in the 

amount of tooth movement. Nevertheless, Cruz et 

al [8] were the first group of researchers that 

assessed the effect of LLLT on tooth movement in  

 

 

 

human subjects and their findings were in 

agreement with Kawasaki & Shimizu [7] 

 

Despite numerous studies on animals [6,9-12] and 

human subjects [3,5,13-16], the effect of LLLT on 

the rate of tooth movement is still a matter of 

controversy. Some authors have reported a 

significant increase in the rate of tooth movement 

[6-8,11,13,16], while others have found no such 

effect [5,9,15]. Meanwhile in an animal study, 

authors concluded that LLLT diminished the rate of 

tooth movement when compared to the control 

group [10]. 

As we know, one of the most challenging and 

unpredictable orthodontic tooth movements is 

mandibular molar protraction due to the root shape 

and high density of mandibular bone [17,18]. 

Mandibular molar protraction with conventional 

orthodontic methods leads to anterior teeth 

retraction or midline deviation; moreover this 

prolongs treatment time because the rate of molar 
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protraction is inversely related to the density or 

cortical thickness of the bone [17,19]. Albeit some 

positive effects have been reported on the effect of 

LLLT of the rate of tooth movement, most of them 

have been conducted on canine retraction subjects 

[3-5,14-16,18]; Hence, its effect on molar 

protraction has only been assessed in limited 

animal studies [9-12,21,22] .  

Because of controversial findings regarding the 

effects of LLLT on the amount of tooth movement 

and the fact that no clinical studies have been 

conducted to assess the effects of LLLT on 

mandibular molars protraction, in the present study 

we decided to assess the effects of LLLT on the 

velocity of mandibular first molar protraction in 

orthodontically treated patients and compare them 

with controls 

. 

MATERIAL & METHOD 

 

In order to assess the effect of low-level laser 

therapy (LLLT) on the velocity of mandibular first 

molars protraction in orthodontic patients, a split-

mouth study was conducted. Ethical approval was 

obtained from medical university of Shiraz, Iran 

(ethical approval number CT-P-89-2251) and has 

therefore been performed in accordance with the 

ethical standards laid down in the 1964 declaration 

of Helsinki and its later amendments. Also this 

clinical trial was registered on Iran clinical trial data 

base registry with number IRCT2015030921406N1.  

 

Total 28 young adult patients (14 females and 14 

males; age range 16-25) from the private practice of 

a faculty member of orthodontics department of 

Shiraz dental school were invited to participate in 

this study. Informed consent was obtained from all 

individual participants included in the study. All 

patients met all the inclusion criteria for the study. 

The inclusion criteria were: 1- all patients had the 

same vertical growth pattern-normal pattern- which 

was verified by evaluating Jaraback index and sum 

of Bjork on their lateral cephalometric images 

(Jaraback index 65-70 % and sum of Bjork 390˚-

400˚). 2- There was no missing tooth in the lower 

arch. 3- Based on treatment plane, every patient 

needed mandibular second premolar extraction on 

both sides to treat dental open bite or correct molar 

relationship. Patients with tooth missing, horizontal 

growth pattern, periodontal problem, skeletal cross 

bite, Para functional habit, history of long term 

medication with NSAID and any previous second 

premolar extraction were excluded.  

Mandibular second premolar extraction was carried 

out on all the subjects of the study. 7 days after the 

extraction, a full arch orthodontic treatment was 

started by standard edge wise brackets with 

0.018×0.025-inch slots (American Orthodontics, 

North America, Canada); leveling and alignment 

was then performed. In order to assume maxillary 

first molars as reference for measurement the 

amount of mandibular first molar protraction,if any 

extractions had been done in the maxillary arch, all 

spaces were closed prior to the commencement of 

mandibular molars protraction so we could consider 

maxillary arch consolidated and no movements had 

been occurred in maxillary teeth. We considered at 

least 3 months between premolars extraction and 

mandibular molars protraction.  

 

Molar protraction 

After the completion of leveling and alignment 

phase of the treatment, mandibular first molars 

protraction was proceed by fabrication of a T-loop 

with 0.016×0.022-inch stainless-steel wire 

(American Orthodontics, north America, Canada). 

The T-loop had 10 mm width and 7 mm length with 

the loop taking 2 mm of the whole length of spring 

design. T-loop was placed 1-2 mm closer to anterior 

segment and a 30-degree gable bend was 

introduced on the anterior segment; also a tip back 

bend of 45˚ was introduced to the wire. Before the 

commencement of the protraction, the arch wire 

was left in situ for at least one month to become 

passive. At each appointment, T-loop was activated 

1-1.5 mm. 

 

Laser irradiation 
 

In this study, a continuous wave of Diode GaAlAs 

laser (DD2 laser, England) with wave length of 830 

nm, output power of 100 mW, spectral area 0.09 

cm2, power density 1.11 W/cm2, energy dose 2.3 

J/point and energy density 25 J/cm2/site was used. 

Laser beam was delivered by a 0.6 
mm

 diameter 

optical fiber. The irradiation method was according 

to Kawasaki & Shimizu [7] and Limpanichkul et al 

[15]. In every patient, laser side was selected 

randomly individually. Alveolar mucosa of 

mandibular first molars was irradiated by laser at 

various points; three points on buccal, three points 

on lingual and two points on mesial sides; each 

point being irradiated for 45 seconds. The end tip of 

laser probe was covered with a sheath and the 

laser was placed on both case and control sides. 

The patients and the orthodontist were blinded to 

the process of laser irradiation. An operator in 

charge of laser irradiation placed the probe on both 

sides, but only pressed for irradiation side that was 

selected randomly for each patient. For irradiating 

the same side on next appointments, the irradiated 

side for each patient was registered. After the first 

laser irradiation, patients were asked to return to 

repeat the irradiation for the next two days and this 

procedure was repeated at the end of first, second 

and third months of the trial. 
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Measurement of molar protraction   
 

The amount of molar protraction was evaluated at 

the beginning of the mandibular first molar 

protraction and the end of first, second and third 

months. The reference points were mesiobuccal 

cusps of the upper and lower first molars. At the 

start of each session, an alginate impression of both 

jaws was prepared; also a wax bite was taken to 

verify the occlusion. A digital gauge (Anyi model 

110-011, Guangxi, China) was used to measure the 

distance between the mesiobuccal cusps of the 

upper and lower first molars on both sides.  
 

Statistical analysis 
 

One-sample repeated measures ANOVA and Sidak 

tests were used to compare the mean tooth 

movement between the three time points in each 

group (within-group analysis). Comparison between 

case and control sides was done using paired t-test. 

SPSS version 17.0 (SPSS Inc, Chicago, IL, USA) 

was employed for statistical analysis. The 

significant level was considered to be α = 0.05. 
  

RESULTS 
 

We found that in irradiated (laser) group, the rate of 

tooth movement was significantly higher than the 

control (non-irradiated) group (fig1); 1.3 fold 

increases in rate of tooth movement was shown in 

the irradiated group (p<0.001). Within-group 

analysis indicated that the mean tooth movement at 

the second month (1.41±0.17mm) and third month 

(1.57±0.21mm) were significantly greater than that 

of the first (1.36±0.29mm) in the irradiated group 

(both P<0.001). However, there was no significant 

difference between the second and third months of 

follow-up (P=0.308). Contrary to the irradiated 

group, tooth movement did not significantly change 

over time in control group (P=0.091). 

Fig 1: The mean of tooth movement in non-

irradiated and irradiated group 

 
 

* : significant difference with non-irradiated group 

§ : significant difference with second month in irradiated 

group 

¶ :no significant difference with third month in irradiated 

group 

┼ : significant difference with third month in irradiated 

group 

The mean difference is significant at the .05 level. 

 

Table1: Mean tooth movement of irradiated and non-

irradiated groups in first, second and third months 

MONTH 

 

p 
irradiated 

Non-
irradiated 

1 1.36±0.29 * 1.07±0.22** 
˂ 0.001 

 

2 1.41±0.17* 1.08±0.22** 
˂ 0.001 

 

3 1.57±0.21¶ 
1.16±0.18 

** 
˂ 0.001 

 

*: significant differences, 

**: significant differences 

¶: no significant differences with first and second months 

in irradiated group. 
 

Between-group comparisons revealed that the 

mean tooth movement in irradiated group was 

significantly greater that of control group for all time 

points (in all time points, P<0.001). The results of 

within- and between-group analyses are presented 

in Table 1. 

 

 

DISCUSSION 

 

In this study we found that the rate of tooth 

movement in laser group was increased 1.3 fold 

when compared to the non-irradiated group; which 

means LLLT could accelerate the rate of tooth 

movement. Consequently it could diminish the 

duration of orthodontic treatment time. Our finding is 

in agreement with some animal studies 

[5,7,11,12,21,22]  as well as human [3,8,14,21] 

studies. Kim et al [23] used pulsed mode of LLLT in 

dogs and reported 2.08 increases in the rate of 

tooth movement. They believed that pulsed mode 

has more bio-stimulatory effects but some 

researchers [5,7,8,14]  have used continuous mode 

as effectively.     

 

Most of these studies reported the same rate of 

increase in tooth movement in laser group as 

reported in our study [3,7,8,11,12]. The main 

difference of our study was the type of tooth 

movement. Most of studies have reported positive 

effect of LLLT on canine retraction [3,8,14,16] or 

maxillary molar protraction [7,11,12,21,22]. The 

effect of LLLT was evaluated in mandibular molar 

protraction has been evaluated in two animal 

studies [9,10] they found no significant differences 

between the laser and control group. Nevertheless 
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they suggested further research need to be carried 

out on human subjects. 

  

Despite compatible studies, some researches 

claimed that LLLT has no effect on the rate of tooth 

movement [9,10,15].  

Limpanichkul et al [15] assessed the effect of LLLT 

on canine retraction in patients. Their finding 

showed no significant difference between laser and 

control groups. It was claimed that the laser energy 

or irradiation time could affect the results. In a split-

mouth study Goulort et al [24] found that photo 

radiation at 5 J/cm
3
 may accelerate tooth movement 

whereas  higher doses at 35 J/cm
3
 may decelerate 

it; that is in agreement with our study and some 

other studies [3,7,8,22]. However, the results of 

some studies [20,25] showed no significant effect 

on tooth movement acceleration after applying low 

energy density laser.  

Seifi et al [10] conducted an animal study to 

evaluate the effect of 2 type of LLLTs on the rate of 

tooth movement. They found no significant 

differences among the two laser groups and 

observed a decrease in the rate of tooth movement 

when compared to the control group; however, they 

stipulated that no conclusion can be made 

regarding the effect of LLLT on the rate of tooth 

movement in human subjects because the amount 

of energy and the dosage are the two  critical 

factors  and what could be a high dosage for rabbits 

could be enough to accelerate the rate of 

movement in humans dosage that used for human 

could be high for rabbits and have negative effects.  

Altan et al [25] evaluated the effect of LLLT on 

orthodontic tooth movement via metrical 

measurements and assessed the expressions of 

PGE2 and IL-1in gingival cervicular fluid. The study 

was conducted on 15 patients that underwent first 

premolar extractions and then canines were 

retracted to the extraction site. In this study, LLLT 

led to significant increase in tooth movement in 

some but not all patients. They claimed that some 

characteristics such as Para functional habits, 

premature occlusal contacts and differences in 

thickness or density of soft and hard tissue would 

be responsible for various responses to LLLT 

between patients.  

 

CONCLUSION 

 

Despite controversial studies, our study was notable 

because of the type of tooth movement that was 

examined- mandibular first molar protraction which 

is one of most difficult and challenging types of 

tooth movement. Based on our findings, LLLT 

accelerates tooth movement and consequently 

reduces treatment time. 

 

ACKNOWLEDGEMENT 

 

This work was supported by the funds from a grant 

from the Shiraz Orthodontic research center- 

School of dentistry (grant number 2251). 

 

REFERENCES 

 

1. Maiman T. TC1 Stimulated optical emission in ruby. 

Journal of the Optical Society of America. 

1960;50(11):1134. 

2. Sperandio FF, Simoes A, Correa L, Aranha AC, 

Giudice FS, Hamblin MR, et al. Low-level laser 

irradiation promotes the proliferation and maturation 

of keratinocytes during epithelial wound repair. 

Journal of biophotonics. 2014;9999(9999). Epub 

2014/11/21. doi: 10.1002/jbio.201400064. PubMed 

PMID: 25411997. 

3. Doshi-Mehta G, Bhad-Patil WA. Efficacy of low-

intensity laser therapy in reducing treatment time and 

orthodontic pain: a clinical investigation. American 

journal of orthodontics and dentofacial orthopedics : 

official publication of the American Association of 

Orthodontists, its constituent societies, and the 

American Board of Orthodontics. 2012;141(3):289-

97. Epub 2012/03/03. doi: 

10.1016/j.ajodo.2011.09.009. PubMed PMID: 

22381489. 

4. Sousa MV, Pinzan A, Consolaro A, Henriques JF, de 

Freitas MR. Systematic literature review: influence of 

low-level laser on orthodontic movement and pain 

control in humans. Photomedicine and laser surgery. 

2014;32(11):592-9. Epub 2014/10/22. doi: 

10.1089/pho.2014.3789. PubMed PMID: 25335088. 

5. Altan BA, Sokucu O, Ozkut MM, Inan S. Metrical and 

histological investigation of the effects of low-level 

laser therapy on orthodontic tooth movement. Lasers 

in medical science. 2012;27(1):131-40. Epub 

2010/11/03. doi: 10.1007/s10103-010-0853-2. 

PubMed PMID: 21038101. 

6. Cossetin E, Janson G, de Carvalho MG, de Carvalho 

RA, Henriques JF, Garib D. Influence of low-level 

laser on bone remodeling during induced tooth 

movement in rats. The Angle orthodontist. 

2013;83(6):1015-21. Epub 2013/05/16. doi: 

10.2319/100812-789.1. PubMed PMID: 23672280. 

7. Kawasaki K, Shimizu N. Effects of low-energy laser 

irradiation on bone remodeling during experimental 

tooth movement in rats. Lasers in surgery and 

medicine. 2000;26(3):282-91. Epub 2000/03/30. 

PubMed PMID: 10738291. 

8. Cruz DR, Kohara EK, Ribeiro MS, Wetter NU. Effects 

of low-intensity laser therapy on the orthodontic 

movement velocity of human teeth: a preliminary 

study. Lasers in surgery and medicine. 

2004;35(2):117-20. Epub 2004/08/31. doi: 

10.1002/lsm.20076. PubMed PMID: 15334614. 

9. Han KH, Park JH, Bayome M, Jeon IS, Lee W, Kook 

YA. Effect of frequent application of low-level laser 

therapy on corticotomized tooth movement in dogs: a 

pilot study. Journal of oral and maxillofacial surgery : 

official journal of the American Association of Oral 

and Maxillofacial Surgeons. 2014;72(6):1182.e1-12. 



ParisaSalehi et al: Low energy laser irradiation on the rate of mandibular molar protraction                                    www.jrmds.in 

 

 

Journal of Research in Medical and Dental Science | Vol. 4 | Issue 3 | July - September 2016  232 

 

Epub 2014/04/08. doi: 10.1016/j.joms.2014.02.028. 

PubMed PMID: 24704036. 

10. Seifi M, Shafeei HA, Daneshdoost S, Mir M. Effects 

of two types of low-level laser wave lengths (850 and 

630 nm) on the orthodontic tooth movements in 

rabbits. Lasers in medical science. 2007;22(4):261-4. 

Epub 2007/03/06. doi: 10.1007/s10103-007-0447-9. 

PubMed PMID: 17334676. 

11. Yamaguchi M, Hayashi M, Fujita S, Yoshida T, 

Utsunomiya T, Yamamoto H, et al. Low-energy laser 

irradiation facilitates the velocity of tooth movement 

and the expressions of matrix metalloproteinase-9, 

cathepsin K, and alpha(v) beta(3) integrin in rats. 

European journal of orthodontics. 2010;32(2):131-9. 

Epub 2010/02/18. doi: 10.1093/ejo/cjp078. PubMed 

PMID: 20159792. 

12. Duan J, Na Y, Liu Y, Zhang Y. Effects of the pulse 

frequency of low-level laser therapy on the tooth 

movement speed of rat molars. Photomedicine and 

laser surgery. 2012;30(11):663-7. Epub 2012/10/03. 

doi: 10.1089/pho.2012.3220. PubMed PMID: 

23025701. 

13. Dominguez A, Gomez C, Palma JC. Effects of low-

level laser therapy on orthodontics: rate of tooth 

movement, pain, and release of RANKL and OPG in 

GCF. Lasers in medical science. 2013. Epub 

2013/12/19. doi: 10.1007/s10103-013-1508-x. 

PubMed PMID: 24346335. 

14. Genc G, Kocadereli I, Tasar F, Kilinc K, El S, 

Sarkarati B. Effect of low-level laser therapy (LLLT) 

on orthodontic tooth movement. Lasers in medical 

science. 2013;28(1):41-7. Epub 2012/02/22. doi: 

10.1007/s10103-012-1059-6. PubMed PMID: 

22350425. 

15. Limpanichkul W, Godfrey K, Srisuk N, Rattanayatikul 

C. Effects of low-level laser therapy on the rate of 

orthodontic tooth movement. Orthodontics & 

craniofacial research. 2006;9(1):38-43. Epub 

2006/01/20. doi: 10.1111/j.1601-6343.2006.00338.x. 

PubMed PMID: 16420273. 

16. Sousa MV, Scanavini MA, Sannomiya EK, Velasco 

LG, Angelieri F. Influence of low-level laser on the 

speed of orthodontic movement. Photomedicine and 

laser surgery. 2011;29(3):191-6. Epub 2011/01/25. 

doi: 10.1089/pho.2009.2652. PubMed PMID: 

21254890. 

17. Mimura H. Protraction of mandibular second and 

third molars assisted by partial corticision and 

miniscrew anchorage. American journal of 

orthodontics and dentofacial orthopedics : official 

publication of the American Association of 

Orthodontists, its constituent societies, and the 

American Board of Orthodontics. 2013;144(2):278-

89. Epub 2013/08/06. doi: 

10.1016/j.ajodo.2012.08.030. PubMed PMID: 

23910209. 

18. Roberts WE. Bone physiology, metabolism, and 

biomechanics in orthodontic practice. Orthodontics: 

Current Principles and Techniques, 3rd Ed Mosby, 

Inc, St Louse, USA. 2000:225-7. 

19. Jacobs C, Jacobs-Muller C, Luley C, Erbe C, 

Wehrbein H. Orthodontic space closure after first 

molar extraction without skeletal anchorage. Journal 

of orofacial orthopedics = Fortschritte der 

Kieferorthopadie : Organ/official journal Deutsche 

Gesellschaft fur Kieferorthopadie. 2011;72(1):51-60. 

Epub 2011/04/13. doi: 10.1007/s00056-010-0007-y. 

PubMed PMID: 21484546. 

20. Youssef M, Ashkar S, Hamade E, Gutknecht N, 

Lampert F, Mir M. The effect of low-level laser 

therapy during orthodontic movement: a preliminary 

study. Lasers in medical science. 2008;23(1):27-33. 

Epub 2007/03/16. doi: 10.1007/s10103-007-0449-7. 

PubMed PMID: 17361391. 

21. Shirazi M, Ahmad Akhoundi MS, Javadi E, Kamali A, 

Motahhari P, Rashidpour M, et al. The effects of 

diode laser (660 nm) on the rate of tooth movements: 

an animal study. Lasers in medical science. 2013. 

Epub 2013/08/07. doi: 10.1007/s10103-013-1407-1. 

PubMed PMID: 23917413. 

22. Yoshida T, Yamaguchi M, Utsunomiya T, Kato M, 

Arai Y, Kaneda T, et al. Low-energy laser irradiation 

accelerates the velocity of tooth movement via 

stimulation of the alveolar bone remodeling. 

Orthodontics & craniofacial research. 

2009;12(4):289-98. Epub 2009/10/21. doi: 

10.1111/j.1601-6343.2009.01464.x. PubMed PMID: 

19840281. 

23. Kim SJ, Moon SU, Kang SG, Park YG. Effects of low-

level laser therapy after Corticision on tooth 

movement and paradental remodeling. Lasers in 

surgery and medicine. 2009;41(7):524-33. Epub 

2009/07/30. doi: 10.1002/lsm.20792. PubMed PMID: 

19639625. 

24. Goulart CS, Nouer PR, Mouramartins L, Garbin IU, 

de Fatima Zanirato Lizarelli R. Photoradiation and 

orthodontic movement: experimental study with 

canines. Photomedicine and laser surgery. 

2006;24(2):192-6. Epub 2006/05/19. doi: 

10.1089/pho.2006.24.192. PubMed PMID: 

16706698. 

25. Altan BA SO, Toker H, Sumer Z. The Effects of Low-

Level Laser Therapy on Orthodontic Tooth 

Movement: Metrical and Immunological Investigation. 

JSM dentistry. 2014;2(4):1040. 

 

 

 

Corresponding Author: 

 

SepidehRezapourGavareshki 

Ghasrodasht St 

Dental school 

Shiraz, Iran 

Postal code: 71345-1836.  

Phone numbers: +987136289913 

E-mail address: sepid_rezapour@yahoo.com 
 
Date of Submission: 24/07/2016 

Date of Acceptance: 10/08/2016 

 

 

 

 

 


