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Abstract: Photobiomodulation is used to accelerate tooth movement during orthodontic 

treatments. The changes in root morphology in a group of orthodontic patients who received 

photobiomodulation were evaluated using the cone beam computed tomography technique. 

The device used is called OrthoPulse, which produces low levels of light with a near infrared 

wavelength of 850 nm and an intensity of 60 mW/cm2 continuous wave. Twenty orthodontic 

patients were recruited for these experiments, all with class 1 malocclusion and with Little’s 

Irregularity Index (.2 mm) in either of the arches. Root resorption was detected by measuring 

changes in tooth length using cone beam computed tomography. These changes were measured 

before the orthodontic treatment and use of low-level laser therapy and after finishing the align-

ment level. Little’s Irregularity Index for all the patients was calculated in both the maxilla and 

mandible and patients were divided into three groups for further analysis, which were then 

compared to the root resorption measurements. Our results showed that photobiomodulation 

did not cause root resorption greater than the normal range that is commonly detected in orth-

odontic treatments. Furthermore, no correlation between Little’s Irregularity Index and root 

resorption was detected.

Keywords: photobiomodulation, root resorption, accelerate tooth movement, orthodontics, 

cone beam computed tomography

Introduction
Innovations in orthodontics have occurred in the last decade through the continuous 

modification of wires and brackets. These improvements have not necessarily trans-

lated to shorter treatment, and most patients still have to go through a period of fixed 

orthodontic appliance treatment that lasts between 2 and 3 years. Advancements in 

therapeutic technologies have created new avenues, which clinicians may potentially 

use to reduce treatment time.

Every clinician is confronted with the challenging question of how to reduce the 

duration of orthodontic treatment. Treatment duration is one of the drawbacks of facial 

orthodontic treatment, and the longer the patient is in treatment, the higher the risks and 

side effects, which include compliance with treatment, risk of caries, gingival inflam-

mation, and root resorption. A number of attempts have been made, however, both 

preclinically and clinically, to try to achieve quicker results. These attempts can be cat-

egorized into traditional orthodontic biomechanics (frictionless orthodontic systems), 

pharmacological, surgical, and device-assisted therapeutic (DAT) approaches.

It is not within the scope of this article to describe in detail all the various 

approaches; only DAT will be described herein. A number of different DAT techniques 
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have been used in an attempt to accelerate tooth movement. 

These techniques are pulsed electromagnetic field, cyclical 

forces, static magnetic field, resonance vibration, and, finally 

low-level laser therapy. Low-level laser therapy is a medical 

and veterinary treatment that uses low-level lasers or light-

emitting diodes to alter cellular function. Low-level laser 

therapy is controversial in mainstream medicine; research 

to determine whether there is a demonstrable effect is 

ongoing. Some authors have also described light therapy as 

photobiomodulation.1

Low-level laser therapy is a widely investigated technique. 

In short, the laser has a biostimulatory effect on bone regen-

eration, which has been seen in the midpalatal suture during 

rapid palatal expansion.2 It also stimulates bone regeneration 

after bone fractures and in extraction sites.3,4 Some have found 

that it can accelerate tooth movement in rats,5 and clinical 

trials were undertaken in which different intensities of laser 

were used and different results were obtained,6–8 as discussed 

later. Low-level laser therapy can be a good technique for 

acceleration of tooth movement because it increases bone 

remodeling without side effects in the periodontium. In 

addition, low-level laser therapy has shown increased rates 

of ATP (adenosine-triphosphate) production.

When teeth move very quickly during orthodontic treat-

ment, there is a natural tendency to worry about change to 

root morphology and the reason for these accelerated changes 

are that the changes are not physiological. All orthodontic 

treatment will result in some kind of root resorption – it 

is an unavoidable side effect associated with orthodontic 

treatment. The severity of root resorption is unpredictable 

and depends on multiple factors, such as individual biological 

variables, genetics, and mechanical factors.9,10 These multiple  

factors might be related to root morphology, abnormalities, 

endodontic treatments, severity of malocclusion, and trauma. 

Examples of systemic and genetic factors are hormone defi-

ciency, hypothyroidism, and hypopituitarism, as discussed by  

Weltman et  al in 2010. The mechanical factors are those 

related to the orthodontic treatments, such as direction and 

magnitude of the applied force, treatment techniques, and 

type of appliances used.11–13 It has also been shown that treat-

ment variables show different results; for example, overjet 

treatments show more resorption than overbite treatments.14 

It has been shown that root resorption can range from 1.4 mm 

to more than 2 mm in maxillary incisors; however, adults 

showed more resorption than children in the mandibular 

segment only.14

Previously, periapical and panoramic radiographs 

have been the most used techniques for detection of root 

resorption. It has been shown that the resorption in the 

majority of teeth is less than 2.5 mm and differs in the range 

of 10% for different teeth.15–18 Severe root resorption is classi-

fied by the Malmgren index as more than 4 mm and 1%–5% 

of the root length.19

Periapical radiographs are one of the most used tech-

niques in measuring tooth length and estimating root resorp-

tion; however, with this technique, errors can occur due to 

angulation error, linear error, and film bending. Furthermore, 

with two-dimensional radiographs, occurrence of overlapping 

makes it difficult to identify some anatomic points,20 which 

is why using cone beam computed tomography (CBCT) 

systems can be considered to be more reliable.

Three-dimensional CBCT provides valuable information 

regarding bone thickness and morphology for the positioning 

of titanium implants, an important tool for surgical planning 

and detecting the location of an impacted tooth, asymmetries, 

and airway construction, and for measuring root resorption. In 

a study by Sherrard et al, in which CBCT scans were made of 

seven fresh porcine heads and then compared with the actual 

tooth length after all the surrounding bone had been carefully 

removed, tooth length and root length measured by CBCT 

were not significantly different from the actual tooth length.21 

The study also showed that the method error in evaluating 

root length was two times greater for periapical radiographs 

versus CBCT method.21

The aim of the present study was to evaluate changes in 

root morphology in a group of orthodontic patients who had 

received photobiomodulation using the cone beam computed 

tomography technique.

Materials and methods
Patient recruitment
Twenty subjects were recruited to participate in a study to 

accelerate tooth movement using low-level laser therapy. 

Their ages ranged from 11–32 years. Patients requiring 

orthodontic treatment who met the following inclusion 

criteria were invited to participate in the study: 1) per-

manent dentition; 2) expected by the investigator to be 

compliant with device use; 3) class I malocclusion with 

irregularity score of .2 mm in either one of the dental 

arches; and 3) good oral hygiene, as determined by the 

investigating orthodontist. The exclusion criteria for the 

study were as follows: 1) any medical or dental condition 

that, in the opinion of the investigator, could negatively 

affect study results during the expected length of the 

study; 2) currently using any investigational drug or any 

other investigational device; 3) planning to relocate or 

move during the treatment period; 4) allergic to acetamin-

ophen (use of aspirin or nonsteroidal anti-inflammatory 
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drugs is excluded for patients while on the study); 5) use 

of bisphosphonates (osteoporosis drugs) during the study; 

and 6) pregnancy.

OrthoPulse device
The OrthoPulse uses photobiomodulation, a form of low-

level light therapy, and is manufactured by Biolux Research 

Ltd (Vancouver, BC, Canada). The device is intended to 

provide stimulation for accelerating orthodontic movement 

of teeth according to the principles of photobiomodulation. 

The OrthoPulse produces low levels of light with a near 

infrared wavelength of 850 nm and an intensity of less than 

100  mW/cm2 continuous wave. Industry-standard light-

emitting diodes (LEDs) are used to produce the light, with 

arrays of emitters arranged on a series of treatment arrays 

to cover the target area of the alveolus of both the maxilla 

and mandible.

The OrthoPulse consists of three main components:

1.	 A small, handheld controller that houses the micropro-

cessor, the menu-driven software, and the liquid crystal 

display (LCD) screen. The controller is programmable 

by the investigator for the number of treatment sessions 

and the session duration. The user interface indicates to 

the patient the number of sessions completed and the 

remaining time in each session. The controller plugs into 

the power mains via a medically approved, certified power 

supply.

2.	 A set of four extra-oral treatment arrays, each with a 

flexible printed circuit board and a set of LEDs mounted 

to a contoured heatsink and infrared-transmissible plastic 

lens, with conductive cables to the controller.

3.	 A headset similar to an eyeglass-support structure, to 

be worn by the patient on a daily or weekly basis, with 

attachment and adjustment mechanisms for positioning 

the treatment arrays in the appropriate location for the 

given patient.

CBCT imaging device
The Kodak 9500 CBCT (Carestream Dental LLC, Atlanta, 

Georgia, USA) machine was used. This device was used 

for hard tissue acquisition, and a series of two dimensional 

projections was obtained. Data from the projections were 

reconstructed using sophisticated algorithms, and the process 

resulted in the axial, coronal, and sagittal plane x-ray projec-

tions of the patient’s skull. The device allows radiation dose 

control through variable mA and kV settings. The CBCT scan 

of the patient was taken with a field of view of 18 × 25 cm 

and a voxel resolution of 0.3 mm. Each of the 599 slices was 

saved in a Dicom file format.

Measuring root resorption by CBCT
Two CBCT scans were taken (one at each time point) 

before orthodontic treatment (T1) and at the completion 

of the alignment or space closure phase of treatment (T2). 

The teeth that were investigated were from the first molar 

of the right side to the first molar of the left side in both 

arches. Either the first premolar or the second premolar 

was extracted during the treatment and excluded from the 

measurements.

Root morphologies were calculated by measuring the 

whole length of the tooth before orthodontic treatment minus 

the whole length after the end of the alignment level (T1 - 
T2). The whole length of each tooth was measured from the 

highest point at the crown to the highest point at the apex 

of the root (Figure 1). The difference between T1 and T2 

represented a change in root morphology and was assumed 

to be root resorption.

22.3 mm

24.7 mm

Figure 1 Measuring the changes in root length by cone beam computed tomo
graphy.
Notes: Tooth length measurements were carried out by using a cone beam 
computed tomography radiograph. The measurements were taken from the 
highest incisal edge of the tooth to the highest point of the apex. As shown 
here, the upper-left central incisor is about 24.7 mm, and the lower left central 
is 22.3 mm.
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Orthodontic mechanics  
used and duration
Traditional orthodontic brackets and wires were used for 

all subjects participating in the study. The wire sequences 

for each of these sites were standardized to an initial round 

alignment wire (014 Niti, 16 × 22 Niti) and final rectangular 

alignment wire of at least 18 × 25 stainless steel. The fol-

lowing parameters were included in the analysis: 1) root 

morphology; 2) difference in root length before and after 

treatment; 3) correlation of Little’s Irregularity Index (LII) 

with root resorption and alignment rate; and 4) root differ-

ences with cutoffs between 0.40 to 0.60 mm.

LII and alignment rate measurements
LII was used to measure distances between the anatomical 

contact points between the anterior six teeth on the maxilla 

and mandible in the horizontal occlusal plane. The sum of 

these points for each patient for the maxilla and mandible 

was considered to be crowding. LII was measured before 

the orthodontic treatment, then at the different intervals 

during the orthodontic treatment, and, finally, at the end 

of the treatment. The alignment rate for the maxilla and 

mandible for each patient was calculated by dividing the 

LII before treatment by the number of weeks it took to 

reach LII =0.

Statistics
Stata software (v 12; StataCorp LP, College Station, TX, 

USA) was used to conduct the analyses in this study, and 

paired t-test was used for the mean of root resorption 

measurements. The Wilcoxon rank-sum or Mann–Whitney 

test were used for LII and alignment measurement. P,0.05 

indicated statistical significance.

Results
Subjects
Twenty subjects were recruited for this study, comprising 

15 females and five males, of whom 13 were aged between 

11 and 15 years and seven between 22 and 36 years.

Root morphology measurements  
at T2 compared to T1
The changes in root morphology for the 20 patients were 

analyzed. The mean length of tooth was measured first 

before treatment as T1 and at the end of alignment and 

levelling process as T2. The mean changes in root morphol-

ogy were calculated as T1 - T2 for teeth in the maxilla and 

Table 1 Root resorption measurements of upper teeth at T2 
compared to T1

Upper teeth Mean T1  
(mm)

Mean T2  
(mm)

Mean T1 - T2  
(mm)

Standard 
deviation

Right 1st palatal  
molar

19.62 19.16 0.46 0.97

Mesiobuccal root 18.62 18.20 0.42 0.94
Distobuccal root 17.02 16.87 0.15 0.64
Right 2nd buccal  
premolar

20.35 20.1 0.25 0.87

Palatal root 20.08 20.70 -0.62 1.75

Right 1st buccal  
premolar

20.09 19.86 0.23 1.66

Palatal 19.07 19.70 -0.63 2.87

Right canine root 26.69 24.66 -2.03 0.99

Right lateral root 22.20 21.50 0.70 1.25
Right central root 22.74 22.01 0.74 1.26
Left central root 23.12 22.74 0.38 0.97
Left lateral root 22.70 21.95 0.75 1.30
Left canine 24.85 25.71 -0.75 1.25

Left 1st buccal  
premolar

19.84 19.85 -0.01 1.16

Palatal 19.81 19.20 0.60 2.40
Left 2nd buccal  
premolar

21.04 20.85 0.19 0.68

Palatal 20.82 20.87 -0.05 0.50

Left 1st palatal  
molar

19.61 19.38 0.23 0.90

Mesiobuccal 18.70 18.09 0.61 0.76
Distobuccal 17.27 16.96 0.30 1.26

Notes: Mean tooth length was measured first before the orthodontic treatment 
(T1) then at the end of the alignment and levelling process (T2). The mean root 
resorption was calculated as T1 - T2 for teeth in the maxilla.

Table 2 Root resorption measurements of lower teeth at T2 
compared to T1

Lower teeth Mean  
T1  
(mm)

Mean  
T2  
(mm)

Mean  
T1 - T2  
(mm)

Standard 
deviation

Right 1st distal molar 20.46 20.01 0.45 0.87
Right 1st mesial molar 19.51 18.76 0.75 1.28
Right 2nd premolar 21.52 21.13 0.39 0.93
Right 1st premolar 21.08 20.20 0.88 0.87
Right canine 25.73 25.41 0.32 0.70
Right lateral 22.68 21.91 0.77 1.40
Right central 21.38 20.71 0.67 1.24
Left central 21.37 20.18 1.19 1.32
Left lateral 22.45 21.28 1.17 0.77
Left canine 25.26 24.49 0.77 0.92
Left 1st premolar 20.6 19.94 0.66 0.51
Left 2nd premolar 20.79 20.36 0.43 0.95
Left 1st distal molar 20.82 19.97 0.85 0.85
Left 1st mesial molar 19.93 19.17 0.76 1.23

Notes: Mean tooth length was measured first before the orthodontic treatment 
(T1) then at the end of the alignment and levelling process (T2). The mean root 
resorption was calculated as T1 - T2 for teeth in the mandible.
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Table 3 Alignment rate and Little’s Irregularity Index (LII) in maxilla and mandible for each patient

Patient code LII maxilla (mm) Alignment rate  
maxilla (mm/w)

LII mandible (mm) Alignment rate mandible 
(mm/w)

01 10.16 0.68 10.25 0.68
04 7.71 1.28 7.11 1.18
06 11.72 1.06 3.43 0.31
07 9.93 2.48 6.4 1.60
08 7.33 0.56 4.84 0.37
09 20.61 0.79 8.95 0.34
12 8.08 1.34 0 0
13 3.35 1.67 2.5 1.25
16 0 0 1 0.12
17 12.24 2.04 13.61 2.26
18 8.93 0.44 4.86 0.24
21 4.91 0.54 13.42 1.49
22 9.63 0.74 16.61 1.27
23 0 0 2.94 1.47
24 15.34 0.90 12.12 0.71
27 8.81 1.46 7.61 1.26
28 8.9 0.36 9.25 0.66
31 7.1 0.50 8.82 0.63
32 6.23 0.69 8.76 0.97
35 1 0.05 12.15 0.71

Note: The mean alignment rate for the maxilla and for the mandible was calculated by dividing the LII rate by the number of weeks to reach LII =0.

the mandible (Tables 1 and 2). The mean values for tooth 

length in the maxilla before the treatment (T1) ranged from 

17.02–26.69 mm and the mean values for tooth length in the 

maxilla after treatment (T2) ranged from 16.87–25.71 mm 

(Table 1). The mean values for tooth length in the mandible 

before treatment (T1) ranged from 19.51–25.73 mm and the 

mean values for tooth length in the mandible after treatment 

(T2) ranged from 19.17–25.41 mm (Table 2).

The mean root resorption for all the maxillary roots 

(T1 - T2) ranged from 0.15–0.75 mm (Table 1). There was, 

however, an increase in the length (elongation) ranging 

from -0.01 to -2.03 mm in the first and second premolars 

and upper canines (Table  1). In addition, the mean root 

resorption for the mandibular roots (T1 - T2) ranged from 

0.32–1.19 mm (Table 2).

Correlation between LII and root  
resorption
LII was calculated for both maxilla and mandible for all the 

patients; for the maxilla, this ranged from 1–20.61 mm and, 

for the mandible, 1–16.61 mm, which illustrates the degree 

of crowding (Table 3). The alignment rate for the maxilla 

ranged from 0.05–2.48  mm/week and, for the mandible, 

0.12–2.26  mm/w (Table  3). The mean alignment rate for 

the maxilla was calculated and was 1.03 mm/w, and, for the 

mandible, 0.92 mm/w.

The mean LII values for all the patients were divided into 

three groups: group 1, LII ,6 mm; group 2, LII 6–10 mm; and 

group 3, LII .10 mm. The mean resorptions for each of the 

three LII groups were compared. No significant differences 

were found between the mean value of the root resorption in 

each of the three LII groups; in other words, there was no cor-

relation detected between LII and root resorption (Table 4).

Analysis of the level of root resorption  
at 0.40–0.60 mm
Statistical analysis of the level of root resorption at 0.40–0.60 mm 

was performed. A statistically significant amount of root resorp-

tion was found at the level between 0.40 and 0.50 mm, and 

nonsignificance was found at values above 0.50 mm (Table 5). 

These results indicate that the changes in the root lengths at the 

end of the treatment were not statistically significant at values 

higher than 0.50 mm and these values were considered to be 

within the clinically acceptable limits.

Discussion
Previously, studies of animal experiments showed that the 

laser wavelength of 800 nm and output power of 0.25 mW 

indicated significant stimulation of bone metabolism and 

rapid ossification.4,5 It has also been shown that low-level laser 

therapy accelerated tooth movement 1.5-fold in rat experi-

ments.22 In a recent clinical trial study by Doshi-Mehta and 
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Table 5 Significance of root resorption at 0.4–0.6 mm

Root resorption (mm) P-value Significance

0.40 0.000 S
0.42 0.000 S
0.44 0.001 S
0.46 0.003 S
0.48 0.011 S
0.50 0.033 S
0.52 0.086 NS
0.54 0.194 NS
0.56 0.379 NS
0.58 0.646 NS

Note: Statistical analysis of the level of root resorption at 0.40 mm to 0.60 mm was 
performed. Statistical significance was at P,0.05.
Abbreviations: NS, not significant; S, significant.

Table 4 Correlation between Little’s Irregularity Index (LII) and root resorption

LII comparison Mean root resorption (A) Mean root resorption (B) Differences in root resorption  
between the three LII groups (A – B)

P-value

Groups 1 and 2 LII ,6 mm: 
mean root resorption =0.61 mm

LII .6 to ,10 mm:  
mean root resorption =0.57 mm

0.04 mm 0.722

Groups 1 and 3 LII ,6 mm: 
mean root resorption =0.61 mm

For LII .10 mm: 
mean root resorption =0.63 mm

-0.02 mm 0.854

Groups 2 and 3 For LII .6 to ,10 mm: 
mean root resorption =0.57 mm

For LII .10 mm: 
mean root resorption =0.63 mm

-0.06 mm 0.660

Notes: The mean values for LII for all patients were divided into three groups: group 1, LII ,6 mm; group 2, LII 6–10 mm; group 3, LII .10 mm. The mean resorptions for 
each of the three LII groups were compared by subtracting one group from the other (A – B). P-value ,0.05.

Bhad-Patil in 2012,7 tooth movement acceleration 1.3-fold 

higher was detected. The authors used a laser wavelength of 

800 nm, a continuous wave mode, an output of 0.25 mW, 

and exposure of 10 seconds. In our study, we also detected 

acceleration in the alignment level, using a wavelength of 

850 nm and intensity of less than 100 mW/cm2 continuous 

wave. The mean rate of alignment for maxilla was 1.03 mm/w 

and for mandibles the rate was 0.92 mm/w. This alignment 

rate is higher than the rate obtained by others,23,24 and also 

higher than previous results obtained by Kau with the use of 

cyclic force-generating therapy.25

There have been some contradictory results related to 

low-level laser therapy in the literature, where no effect of 

acceleration was detected, as shown by Limpanichkul et al  

in 2006.6 The reason for that might have been due to the 

different energy density used in the experiment, hence why 

it is very important to use the right optimum wavelength 

and intensity of laser in tooth movement experiments. The 

mechanism of acceleration of tooth movement by low-level 

laser therapy has been investigated previously and is found 

to be related to the activation of mitochondrial respiratory 

chain components that promote cellular proliferation by the 

activation of cytochrome c oxidase and the production of 

ATP.26,27 It has also been shown that low-level laser therapy 

accelerates tooth movement via RANK/RANKL expres-

sion, which was detected in rat experiments at an early stage 

(days 2 and 3) in the laser-irradiated group.22

In this study, we focused on the evaluation of the 

morphological changes of roots after the use of photobio-

modulation by CBCT. In our experiments, the mean root 

resorption was measured by the subtraction of tooth length 

after orthodontic and low-level laser therapy from the tooth 

length before treatment. The changes in root length in the 

maxillary roots ranged between 0.15 and 0.75 mm and, for 

the mandibular roots, between 0.32 and 1.19 mm (Tables 1 

and 2). In the maxilla and mandible, the most resorbed 

teeth were the lateral followed by the central incisor. These 

results correlate with the results shown by Sameshima and 

Sinclair in 2001,28 who analyzed records obtained from 

six private offices of 868 patients treated with full, fixed-

edgewise appliances.

It has also been shown in the literature that the majority 

of root resorption associated with orthodontic treatment is 

minor, averaging between 0.4 and 1.5 mm.18,29,30 The risk of 

root resorption is due to multiple factors, such as genetics, 

tooth root shape, mechanics applied, and duration of 

treatment. Laterals and centrals are the most affected teeth, 

but the reason for this is not known. One possible explana-

tion is that laterals are known to have the most abnormal 

root shapes. It has been shown that an erupting canine can 

resorb the lateral incisor from the palatal side without being 

detected by conventional radiographs.31

In this study, we detected root elongation in the maxil-

lary premolars and canines. This finding can be due either 

to a real increase in root length, as shown by others,18,32 or 

an error during measurement.33,34 The latter possibility can 

be excluded since we used CBCT images, which showed 

more accurate results compared to the periapical and 

panoramic radiographs. It has been shown that periapical 

radiographs have led to underestimation of the loss of root 
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resorption, while panoramic radiographs have shown 20% 

overestimation.35

We believe, regarding the first possibility, that root elon-

gation is a real increase in root length. Elongation of teeth 

after orthodontic treatment was not surprising, since the 

majority of our patients (about 70%) were aged 11–14 years  

and had immature teeth with open apical roots. It has been 

shown that roots that were incompletely developed before 

treatment reached a significantly greater length than those 

that were fully developed at the beginning of the treatment. It 

has also been suggested that incomplete root formation means 

a higher resistance to root resorption in posterior teeth.36 

Orthodontic treatment should be undertaken in younger ages 

due to the advantage of immature teeth.16

LII is a method by which to measure anterior arch 

crowding. It is the summation of the distances of the tooth 

contact points along the occlusal axis. Rotation irregulari-

ties and displacement can be reflected by the inter-contact 

positions. The greater the Little’s Index, the more anterior 

crowding is detected and the longer it takes for the comple-

tion of the treatment.

We used LII measurements to calculate the alignment 

rate in maxilla and mandibles for each patient after low-level 

laser treatments. The alignment rate for the maxilla ranged 

between 0.05 and 2.48 mm/w and mandible rates ranged 

between 0.12 and 2.26 mm/w (Table 3). The mean alignment 

rate for the maxilla was 1.03 mm/w and, for the mandible, 

0.92  mm/w. These alignment rates are much higher than 

those previously published. Wahab et al undertook a study in 

which conventional ligating brackets (CLB) and self-ligating 

brackets (SLB) were compared for 120 days in extraction 

cases.23 The alignment rate calculated for the maxilla using 

CLB was 0.73 mm/w and, using SLB, 0.50 mm/w. A similar 

experiment has been performed, and the alignment rate cal-

culated in 20 weeks was 0.41 mm/w by CLB and 0.38 mm/w 

by SLB.37 Non-extraction cases have shown similar results, 

and the alignment rate ranged between 0.44 and 0.52 mm/w, 

as shown by Miles and Weyant38 and Pandis et al in 2010.24 

Thus, photobiomodulation showed a higher alignment rate 

and accelerated tooth movement than others.

For the comparison of LII groups and root resorption 

we calculated the LII on the cast models for all the patients 

and divided them into the three groups described previously. 

The mean root resorption for each group was calculated 

and compared to the others. There was no correlation 

between LII and root resorption (Table 4). This shows that 

root resorption was not affected by the amount of crowd-

ing nor by how much teeth were moved, since teeth with 

LII .10 mm showed similar root resorption as teeth with 

a lower LII.

Significance of root resorption was found at the range 

of 0.40–0.50 mm (Table 5). This value is in the range of 

normal root resorption, as shown in the literature.13 In our 

experiments, we found that 70% of our patients had root 

resorption (.0–1 mm), and these results are comparable to 

those obtained by Lund et al in 2012.29

The main limitation of this study was the lack of a control 

group; however, our results are comparable to those found 

in the literature.1

Conclusion
The Orthopulse photobiomodulation device can be used 

clinically for acceleration of tooth movement. Low-level laser 

therapy did not cause more root resorption than the normal 

range that is commonly detected by orthodontic treatments. 

There was no correlation between LII and root resorption. 

No clinically significant changes between root lengths were 

detected above 0.5 mm.

Disclosure
Dr Kau is principal investigator on a clinical trial sponsored 

by Biolux Research Limited. The other authors have no 

conflicts of interest to disclose.
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