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Objectives — To test the hypothesis that mechanical forces
combined with low-level laser therapy stimulate the rate of
orthodontic tooth movement.

Study design — This study was a double blind, randomized
placebo/control matched pairs clinical trial to test the efficacy of
GaAlAs low-level laser therapy (LLLT) on 12 young adult patients
who required retraction of maxillary canines into first premolar
extraction spaces using tension coil springs with fixed edgewise
appliance. LLLT was applied on the mucosa buccally, distally
and palatally to the canine on the test side and using a pseudo-
application on the placebo side. Dental impressions and casts
were made atthe commencement of the trial and at the end of the
first, second and third months after starting the trial.
Measurement of tooth movements was made on each stage
model using a stereo microscope.

Results — There was no significant difference of means of the
canine distal movement between the LLLT side and the
placebo side for any time periods (p-value = 0.77).
Conclusion — The energy density of LLLT (GaAlAs) at the
surface level in this study (25 J/cm?) was probably too low to
express either stimulatory effect or inhibitory effect on the rate
of orthodontic tooth movement.

Key words: low-level laser therapy; orthodontic tooth
movement

Introduction

Generally, the period of time required for fixed appli-
ance treatment in orthodontic patients is around 2-
3 years. In long-term treatment, there is an increased
risk of root resorption, gingival inflammation and
dental caries. Reducing orthodontic treatment time
requires increasing the rate of tooth movement.



Many studies have tried to find methods that can in-
crease the rate of tooth movement without damage to
the tooth and periodontium at the same time. Recently,
several papers showed that the acceleration of tooth
movement can be produced by the local injection of
prostaglandins (PGs) (1,2), 1,25(0H),Ds (the active form
of vitamin D3) (3-5) and osteocalcin around the alveolar
socket (6). Even though these substances stimulated the
rate of tooth movement, they also caused undesirable
side effects such as local pain and discomfort for the
patient during the procedure of injection.

More recently, different researchers have studied the
results of low-level laser therapy (LLLT) and found that
its stimulatory effects can accelerate bone regeneration
in a midpalatal suture during rapid palatal expansion
(7) and stimulate synthesis of collagen, which is a
major matrix protein in bone (8,9). Other studies found
that laser irradiation can stimulate bone regeneration
at bone fracture and extraction sites (10,11) and
increase the rate of orthodontic tooth movement in rats
(12). From all of these observations, LLLT seems to be a
good choice for its stimulatory effects of accelerating
orthodontic tooth movement because it increases
alveolar bone remodelling without injuring the tooth
and periodontium. However, until now no paper
regarding the effects of LLLT on orthodontic tooth
movement in a clinical trial has been published.

The objective of this study was to test the hypothesis
that in a clinical trial orthodontic retraction of maxil-
lary canines on the LLLT side was larger than on the
placebo side at the end of the first, second and third
months after the first radiation.

Materials and methods

Twelve young adult patients (four males and eight fe-
males; mean age 20.11 + 3.4 years) from the Ortho-
dontic Department of Khon Kaen University, who had
maxillary first premolars extracted on both sides and
met all of the case selection criteria, were invited to
participate in the study.

The inclusion criteria were: 1) the maxillary first pre-
molars had been extracted on both sides at least
3 months before starting to move canines distally after
complete aligning and levelling. This period was allowed
for bone fill-in of the extraction sockets before the study
period (13,14); 2) left and right canines, second premo-
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Fig. 1. The full edgewise arch set-up.

lars and first molars were present in the maxillary arch;
3) the patient had already well aligned and levelled,
upper teeth and ready to retract maxillary canines; and
4) the subject gave informed consent to participate in
the trial. Block randomization was used to allocate the
side of the maxillary teeth (left and right sides) to be the
LLLT and the placebo sides. The full arch set-up of
orthodontics was the same on both the LLLT and pla-
cebo sides (Fig. 1). A pre-adjusted edgewise appliance
(Roth prescription) was used for all teeth, except that
self-ligating SPEED® brackets (Strite Industries Ltd.,
Cambridge, Canada) were used on both maxillary
canines to standardize frictional effects during canine
retraction. The maxillary canines were retracted distally
after complete aligning and levelling on 0.018 in. Aus-
tralian Premium Plus archwire in a 0.022 x 0.028 slot.
Vertical loop (3 mm) stops mesial to the molar tubes
combined with en-massed upper incisors by ligation on
the main archwire provided the orthodontic anchorage
for all patients. In addition, the vertical loop was ligated
to the hook of the first molar instead of at the cinch-back
of the archwire. The archwire was left in situ for at least
1 month to become passive before starting to retract
canines, which was delayed for at least 3 months after
extraction of the premolar teeth to allow alveolar bone
consolidation at the extraction sites. A light NiTi closed
coil spring (Ormco®, Sybron Dental Specialities Inc.,
Newport Beach, CA, USA) was used to retract each
canine posteriorly (Fig. 1), secured with ligature wire to
give an initial force of 150 g attached between the upper
canine and the first molar. The force was activated once
each month to reactivate the spring tension to 150 g set
with a CORREX® tension gauge (HAAG-STREIT, Bern,
Switzerland).

Orthod Craniofacial Res 9, 2006/38-43 | 39



Limpanichkul et al. Effects of LLLT on the rate of orthodontic tooth movement

Note: 1 = probe positioned at the gingival margin of the canine at the buccal side

2 = probe positioned at 8 mm from the gingival margin of the canine at the buccal side

3 = probe positioned at 4 mm from the gingival margin of the canine at the buccal side

4 = probe positioned at the gingival margin of the canine at the distolabial line angle

5 = probe positioned at the gingival margin of the canine at the palatal side

6 = probe positioned at 8 mm from the gingival margin of the canine at the palatal side

7 = probe positioned at 4 mm from the gingival margin of the canine at the palatal side

8 = probe positioned at the gingival margin of the canine at the distopalatal line angle

A 860 nm continuous wave of GaAlAs laser (Top
Laser 250 SIR 100, Medical Innovation, France) with
power output 100 mW, spectral area 0.09 cm?, power
density 1.11 W/cm?, energy dose 2.3 J/point and
energy density 25 J/cm?/site was used to irradiate the
alveolar mucosa at three points on buccal and palatal
sides, and two points at the distal of the canine (23 s/
point) (Fig. 2). This LLLT procedure was applied
immediately after spring attachment, and reapplied on
the next two days. This study simulated the application
of Kawasaki and Shimizu, by contacting the laser on the
soft tissue around the canines to be retracted (12).

For this double-blind trial the end of the laser probe
was covered with a sheath. The probe sheath for the
irradiation side had a clear plastic end, and this was
replaced for the pseudo-irradiation for the placebo side
with a sheath that had a black plastic end. The operator
used dark-blue plastic laser-protective glasses to pre-
vent identification of the laser sheath used, and a third
person controlled the use of the laser and placebo
sheath-tubes for the laser application as recorded in
the chart, obtained from the block randomization as
mentioned previously.

After the first day’s application of the LLLT, the
patients were asked to return for repeat applications on
the next two days. This three-day LLLT application was
then repeated at the end of the first, second and third
months, the last being the final application.

At the beginning of each of these four sets of LLLT
applications, before placing the archwire and retracting
springs, a maxillary alginate impression was taken to
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Fig. 2. Diagram of laser application.

make a dental cast. The initial model was used to make
a palatal plug with reference wires for making meas-
urement of canine retraction (15-18).

Methods of model preparation and making of the palatal plug

e The initial model was trimmed so that the func-
tional occlusal plane and base of the model were
parallel, checked using a spirit level.

e The progress models were also trimmed so that the
functional occlusal plane was the same as the initial
model.

e The incisive papilla point was marked and the
median raphe line drawn on each model.

¢ The points at the most mesial surface of upper ca-
nines were marked on each model.

e The ends of the two reference wires made from
0.9 mm stainless steel wire were ground to sharp
points and set in an acrylic plug on the model to point
at the most mesial surface of each canine (Fig. 3).

e The acrylic palatal plug, covering only the medial
portion of the palatal rugae with reference wires on
the initial model, was prepared and a line marked
on the exposed surface of the palatal plug coinci-
ding with the incisive papilla point and the median
raphe (Fig. 3), which was useful as a double check
during superimposition of the plug on the progress
models. The palatal plug was seated on the pro-
gress models by best-fit with the marked line
coincident with the incisive papilla and the median
raphe.



Fig. 3. The acrylic palatal plug with reference wires.

Method of measuring canine movement

The distance of the maxillary canine distal movement
(mm) was measured with a stereo microscope (Nikon
Measurescope 20, Japan) every 4 weeks from the
beginning of the study. The palatal plug, covering only
the medial portion of the palatal rugae with reference
wires, was the reference device for all the study models
of the same patient.

The Y-axis for linear measurement was set along the
median raphe line transferred from the model to the
upper surface of the palatal plug with the original points
(0, 0, 0) at the tips of the reference wires. The distance of
canine distal movement was measured on the Y-axis
from the reference wire to the most mesial surface of
canine at the new position (19-21). The stereo micro-
scope used in this study was accurate to 0.001 mm.

The distances of canine distal movements for the 12
subjects were recorded as means and standard devi-
ation (SD) including 95% confidence intervals at the
end of the first, second and third months. Hypothesis
testing was by using two-way anova with one repeated
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measures by univariate approach at the significance
level of 0.05.tnj.

The CORREX® tension gauge for force measurement
had been previously calibrated by comparing with a
universal testing machine (LLOYD-LR 30K, Lloyd
Instruments Ltd, Fareham, UK). Intraclass Correlation
Coefficient (ICC) Model 2 was used to analyse the data
(22). The reliability of measurements of the distance of
tooth movement and force application by the resear-
cher (W.L.) was tested by ICC Model 3 with mean
ratings calculated by using variance estimates obtained
through an anova (22).

Results

The result of calibration of the CORREX® tension gauge
showed that the average measure intraclass correlation
was 0.96 (95% CI: 0.83-0.99), which indicated good
validity of the CORREX® tension gauge compared with
the universal testing machine (22). The result of the
average measure intraclass correlation of the meas-
urement of the distance of tooth movement and the
force application were 0.99 (95% CI: 0.97-0.99) and 0.97
(95% CI: 0.89-0.99), respectively, which indicated good
reliability (22).

The means of the accumulative distances of canine
movement on the LLLT side and the placebo side by the
time periods are shown in Table 1. The statistical ana-
lysis summarized in Table 2 indicates that there was no
significant difference of the means of the canine distal
movement between the LLLT side and the placebo side
for any of the three time periods (p-value = 0.77 for tests
of within-subjects effects by the univariate approach).

The mean difference of the accumulative distance of
canine distal movement between the placebo side and
the LLLT side for 3 months was 0.01 mm (SD = 0.17,
95% CI: —0.35 to 0.37), shown in Table 3. The power for
comparison was 0.05.

Table 1. The means of the accumulative distance of canine distal movement (mm) between the LLLT side and the placebo side by the

time periods (at the end of the first, second and third months)

Month 1 Month 2 Month 3
Intervention Mean SD 95% ClI Mean SD 95% Cl Mean SD 95% ClI
LLLT group 0.32 0.08 0.16-0.48 0.73 0.13 0.46-0.99 1.29 0.21 0.86-1.73
Placebo group 0.38 0.08 0.22-0.54 0.74 0.13 0.48-1.00 1.24 0.21 0.80-1.67
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Table 2. Tests of within-subjects effects (univariate test) at a sig-
nificance level of 0.05

Observed
Source Type of analysis F Sig.  power
Time Greenhouse-Geisser 40.80 0.00 1.00
Time = intervention  Greenhouse-Geisser 0.16 0.77 0.07

Error (time) Greenhouse-Geisser

Table 3. Comparison of the difference of the means of the distance
of canine distal movement (mm) between the placebo side and the
LLLT side during 3 months (significance level of 0.05)

95% CI of the difference

Mean difference i
between sides

between sides

(placebo — LLLT) SD Sig. Lower limit Upper limit
0.01 0.17 0.97 -0.35 0.37
Discussion

The study of Kawasaki and Shimizu (12) in rats showed
that, in their laser irradiation group, the amount of
tooth movement was 30% more than that of a non-
irradiated group. The laser parameters of Kawasaki
and Shimizu were 830 nm, 100 mW, 0.6 mm diam-
eter, 35.3 W/cm?, with an energy density of around
6000 J/cm? from calculation (12). The energy density
was very much higher than it should be for the stimu-
latory effects according to previous knowledge (23-26).
The present study used the continuous wave GaAlAs
(860 nm), 100 mW, at 1.11 W/ecm?® 25 J/cm®/site,
because the results from previous papers of Bradley and
Groth (820 nm, 25 J/cm?, rabbits) (24) and Takeda
(904 nm, 20 J/cm?, rats) (11) had indicated significant
biostimulatory effects on bone metabolism around this
dosage whereas higher dosages presented bioinhibitory
effects (24-27), and lower dosages showed non-signifi-
cant results (28-30). However, whether there are dose—
response differences between tests of LLLT in humans
and various animal studies remains to be determined.
The statistical analyses of this study showed that there
were no significant differences of means of the canine
distal movement between the LLLT side and the placebo
side for any time periods at significance level of 0.05
(p-value = 0.77). Because of the low statistic power for
the comparison of the study (0.05), a type II error is
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possible. However, from the calculation of the required
sample size, it was found that the low power for the
comparison was because of the small effect size between
the two sides and not from the small sample size.

From the above-mentioned observations, it is likely
that LLLT in the parameter settings of this study does
not affect the rate of tooth movement for any time
periods. This suggests that the energy density of LLLT
was too low to express either a stimulatory effect or an
inhibitory effect.

There have been some studies of the effects of LLLT
in clinical trials, but mostly used to test the inhibitory
effects to reduce pain or inflammation, the dose being
very high, such as 100 J/ cm? (24). Until now, there has
been lack of knowledge about the optimal dose for the
stimulatory effect in human tissues. Some studies of
the stimulatory effect have been done on human cul-
ture cells. However, it is not applicable to the human
body because of some loss of energy density during
penetration through soft tissue and the bone, which is
different from plate cultures. Thus, it is quite difficult to
find the optimal dose in the individual patient.

Significant unknowns in attempting to optimize the
application of LLLT to orthodontic tooth movement are
the cellular secretions and secretory molecular respon-
ses in the PDL to combined LLLT and orthodontic force.

Conclusions

LLLT (GaAlAs) at the parameter settings in this study
had no effect on the rate of orthodontic tooth move-
ment for any time periods, between one and three
months. The energy density of LLLT (GaAlAs) at the
surface level in this study (25 J/ cm?) was probably too
low to express either stimulatory effect or inhibitory
effect on the rate of orthodontic tooth movement.
The science of cellular and molecular biology is
essential to detect what actually happens in the human
body, related to the stimulatory dose or the inhibitory
dose of LLLT at the surface level. The study of the
effects of LLLT on the cells in the PDL areas of pre-
molars to be extracted (as required in an orthodontic
treatment plan) comparing between the LLLT side and
the placebo side could reveal useful information.
Another suggested study is detecting the molecular
biology aspects of the gingival crevicular fluid (GCF),
such as PGE, and IL-18, in the human body (31,32).



Acknowledgements: The authors would like to express their
gratitude to Prof. M. Ali Darendeliler and Associate Prof. Sajee
Sattayut for their advice and help for the construction of this
study.

References

1. Yamasaki K, Mirura F, Suda T. Prostaglandin as a mediator of
bone resorption induced by experimental tooth movement in
rats. J Dent Res 1980;59:1635-42.

2. Yamasaki K, Shibata Y, Imai S, Tani Y, Shibasaki Y, Fukuhara T.
Clinical application of prostaglandin E; (PGE,;) upon orthodontic
tooth movement. Am J Orthod 1984;85:508-18.

3. Yamamoto TT, Kawakami M, Yamashiro T. Effect of age on the
rate of tooth movement in combination with local use of
1,25(0OH),D3 and mechanical force in the rat. J Dent Res
1992;71:1487-92.

4. Yamamoto TT, Kawakami M, Kobayashi Y, Yamashiro T, Sakuda
M. The effect of local application of 1,25-dihydroxycholecalciferol
on osteoclast numbers in orthodontically treated rats. J Dent Res
1992;71:53-9.

5. Collins MK, Sinclair PM. The local use of vitamin D to increase
the rate of orthodontic tooth movement. Am J Orthod Dentofacial
Orthop 1988;94:278-84.

6. Hashimoto F, Kobayashi Y, Mataki S, Kobayashi K, Kato Y, Sakai
H. Administration of osteocalcin accelerates orthodontic tooth
movement induced by a closed coil spring in rats. Eur Orthod Soc
2001;23:535-45.

7. Saito S, Shimizu N. Stimulatory effects of low-power laser irra-
diation on bone regeneration in midpalatal suture during
expansion in the rat. Am J Orthod Dentofacial Orthop
1997;111:525-32.

8. Abergel RP, Lyons RF, Castel JC, Dwyer RM, Uitto J. Biostimula-
tion of wound healing by lasers; experimental approaches in
animal models and in fibroblast cultures. J Dermatol Surg Oncol
1987;13:127-33.

9. Bregel HHFI, Bar PRD. Power density and exposure time of He—
Ne laser irradiation are more important than total energy dose in
photo-biomodulation of human fibroblasts in vitro. Lasers Surg
Med 1992;12:528-37.

10. Trelles MA, Mayayo E. Bone fracture consolidates faster with low-
power laser. Lasers Surg Med 1987;7:36-45.

11. Takeda Y. Irradiation effect of low-energy laser on alveolar bone
after tooth extraction experimental study in rats. Int J Oral
Maxillofac Surg 1988;17:388-91.

12. Kawasaki K, Shimizu N. Effects of low-enery laser irradiation on
bone remodeling during experimental tooth movement in rats.
Lasers Surg Med 2000;26:282-91.

13. Hasler R, Schmid G, Ingervall B, Gebauer U. A clinical com-
parison of the rate of maxillary canine retraction into healed
and recent extraction sites — a pilot study. Eur J Orthod
1997;19:711-19.

14. Amler MH, Johnson PL, Salman I. Histological and histochemical
investigation of human alveolar socket healing in undisturbed
extraction wounds. J Am Dent Assoc 1960;61:33—-44.

15. Almeida MA, Phillips C, Kula K, Tulloch C. Stability of the palatal
rugae as landmarks for analysis of dental casts. Angle Orthod
1995;65:43-8.

Limpanichkul et al. Effects of LLLT on the rate of orthodontic tooth movement

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Bailey LT, Esmailnejad A, Almeida MA. Stability of the palatal
rugae as landmarks for analysis of dental casts in extraction and
nonextraction cases. Angle Orthod 1996;66:73-8.

Lawrence PL, Howard AF, George JC. Canine retraction: a com-
parison of two preadjusted bracket systems. Am J Orthod
Dentofacial Orthop 1996;110:191-6.

Ashmore JL, Kurland BF, King GJ, Wheeler TT, Ghafari J, Ramsay
DS. A 3-dimensional analysis of molar movement during head-
gear treatment. Am J Orthod Dentofacial Orthop 2002;12:18-30.
Lundgren D, Moll O. Accuracy of orthodontic force and tooth
movement measurements. Br J Orthod 1996;23:241-8.

Takada K, Lowe AA, DeCou R. Operational performance of the
reflex metrograph and its applicability to the three-dimensional
analysis of dental casts. Am J Orthod 1983;83:195-9.

Bhatia SN, Harrison VE. Operational performance of the travelling
microscope in the measurement of dental casts. Br J Orthod
1987;14:147-53.

Portney LG, Watkins MP. Foundations of Clinical Research
Applications to Practice, 2nd edn. New Jersey: Prentice Hall
Health; 2000.

Lim HM, Lew KKK, Tay DKL. A clinical investigation of the efficacy
of low level laser therapy in reducing orthodontic posadjustment
pain. Am J Orthod Dentofacial Orthop 1995;108:614-22.

Bradley P, Groth E, Gursoy B, Karasu H, Rajab A, Sattayut S. The
maxillofacial region: recent research and clinical practice in low
intensity laser therapy (LILT). In: Bradley P, editor. Lasers in
Medicine and Dentistry: Basic Science and up to Date Clinical
Application of Low Energy-level Laser Therapy (LLLT). Rijeka:
Vitagra; 2000. pp. 385-401.

Mester A, Mester E. Open wound healing bed sores, ulcus cruris,
burns with systemic effects of LLLT. In: Bradley P, editor. Lasers in
Medicine and Dentistry: Basic Science and up to Date Clinical
Application of low Energy-level Laser Therapy (LLLT). Rijeka:
Vitagraf; 2000. pp. 227-42.

Agaiby AD, Ghali LR, Wilson R, Dyson M. Laser modulation of
angiogenic factor production by T-lymphocytes. Lasers Surg Med
2000;26:357-63.

Shimizu N, Yamaguchi M, Goseki T et al. Inhibition of prosta-
glandin E, and interleukin 1-$ production by low-power laser
irradiation in stretched human periodontal ligament cells. J Dent
Res 1995;74:1382-88.

Lagan KM, Clements BA, McDonough S, Baxter GD. Low intensity
laser therapy (830 nm) in the management of minor postsurgical
wounds: a controlled clinical study. Lasers Surg Med 2001;28:27-32.
Walsh DM, Baxter GD, Allen JM. Lack of effect of pulsed low-
intensity infrared (820 nm) laser irradiation on nerve conduction
in the human superficial radial nerve. Lasers Surg Med
2000;26:485-90.

Marcel MH, Frank AM, Kuijpers-Jagtman AM, Maltha JC. Effect of
low level laser therapy on wound healing after palatal surgery in
Beagle dogs. Lasers Surg Med 1991;11:462-70.

Grieve WG, Johnson GK, Moore RN, Reinhardt RA, Dubois LM.
Prostaglandin E (PGE) and interleukin 14 (IL-1p) levels in gingival
crevicular fluid during human orthodontic tooth movement. Am J
Orthod Dentofacial Orthop 1994;105:369-74.

Ren Y, Maltha JC, Hof MA, Von den Hoff JW, Kuijpers-Jagtman
AM, Zhang D. Cytokine levels in crevicular fluid are less respon-
sive to orthodontic force in adults than in juveniles. J Clin Peri-
odontol 2002;29:757-62.

Orthod Craniofacial Res 9, 2006/38-43 | 43



Copyright of Orthodontics & Craniofacial Research is the property of Blackwell Publishing Limited
and its content may not be copied or emailed to multiple sites or posted to a listserv without the
copyright holder's express written permission. However, users may print, download, or email
articles for individual use.



