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Efficacy of low-intensity laser therapy in reducing
treatment time and orthodontic pain: A clinical
investigation
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Introduction: The long duration of orthodontic treatment is a major concern for patients. A noninvasive method
of accelerating tooth movement in a physiologic manner is needed. The aim of this study was to evaluate of the
efficacy of low-intensity laser therapy in reducing orthodontic treatment duration and pain.Methods: Twenty pa-
tients requiring extraction of first premolars were selected for this study. We used a randomly assigned incom-
plete block split-mouth design. Individual canine retraction by a nickel-titanium closed-coil spring was studied.
The experimental side received infrared radiation from a semiconductor (aluminium gallium arsenide) diode
laser with a wavelength of 810 nm. The laser regimen was applied on days 0, 3, 7, and 14 in the first month,
and thereafter on every 15th day until complete canine retraction was achieved on the experimental side.
Tooth movement was measured on progress models. Each patient’s pain response was ranked according to
a visual analog scale. Results: An average increase of 30% in the rate of tooth movement was observed
with the low-intensity laser therapy. Pain scores on the experimental sides were significantly lower compared
with the control sides. Conclusions: Low-intensity laser therapy is a good option to reduce treatment duration
and pain. (Am J Orthod Dentofacial Orthop 2012;141:289-97)
Amajor concern to orthodontic patients is treat-
ment time.1 Generally, the time required for
fixed appliance treatment is 20 to 30 months.

Reducing the treatment time requires increasing the
rate of orthodontic tooth movement. Many studies
have examined different methods that can increase the
rate of orthodontic tooth movement, including local in-
jections of prostaglandins,2,3 1, 25(OH) 2 D3 (the active
form of vitamin D3),

4 osteocalcin,5 and relaxin6 around
the alveolar socket. Although these substances stimulate
the rate of tooth movement, they also have the undesir-
able side effects of local pain and discomfort during the
injections. Recently, electric stimulation7 and resonance
vibration8 have been tried in animals, but these methods
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require an apparatus that is not routinely used in dental
practice.

Ablative use of lasers has become common in dental
practice. Low-intensity laser therapy has an energy out-
put that is low enough so as not to cause the temperature
of the treated tissues to rise above 36.5�C or normal body
temperature.9 Low-intensity laser therapy in its initial
days was applied only in medical sciences such as
orthopedics, surgery, and medicine. It is used to acceler-
ate the callus formation at fracture sites to facilitate
wound healing.10 Saito and Shimizu11 found that low-
intensity laser therapy can accelerate bone regeneration
in the midpalatal suture during rapid palatal expansion
and stimulate the synthesis of collagen, which is major
matrix protein in bone. In the last decade, many histo-
logic studies have attempted to determine the effect
of low-intensity laser therapy on the histochemical
pathways directly associated with orthodontic tooth
movement.12-15 Increased osteoblastic and osteoclastic
activity after low-level laser therapy was observed
in vivo and in vitro. Few studies in the literature have
examined the effect of low-intensity laser therapy on
the rate of orthodontic tooth movement, and most
were short-term animal studies.

Thus, the aims of this study were to evaluate the
effect of low-intensity laser therapy on the rate of
289
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orthodontic tooth movement and also to study its anal-
gesic effect during orthodontic tooth movement.

MATERIAL AND METHODS

Our sample consisted of 20 healthy orthodontic pa-
tients (8 male, 12 female; ages, 12-23 years). Patients
with a history of long-term medication were excluded
because nonsteroidal anti-inflammatory drugs and hor-
mone supplements are known to interfere with bone
metabolism. Patients with unilateral chewing or
parafunctional habits, skeletal crossbite, and occlusal
interferences were also excluded. Periodontally compro-
mised patients were excluded because poor bone quality
can affect orthodontic tooth movement, and the devel-
opment of mobility can lead to incorrect measurement
of orthodontic tooth movement. Impacted canines and
canines with dilacerated roots were excluded from the
study because dilacerated roots make orthodontic tooth
movement difficult with a greater possibility of root
resorption.

The sample size was determined by power analysis
based on the results of the pilot study that showed
that the rate of tooth movement was twice that of the
control side.
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With a permissible error of 5% by using a split-mouth
design, a sample size of 20 was sufficient for the study to
have 80% power and be clinically significant.

The study design was approved by the ethics commit-
tee of Government Dental College and Hospital, Nagpur,
Maharashira, India, according to the guidelines of Health
University.

Routine orthodontic diagnostic records were collected
and analyzed for all subjects. The treatment plans for
these patients included extraction of the maxillary or
mandibular first premolars (or both) to meet the require-
ments of space for the retraction of anterior teeth. A ran-
domly assigned incomplete block split-mouth design was
used to prevent interindividual biologic variation.16 In 20
patients, the maxillary first premolars were extracted, but
the mandibular first premolars were extracted in only 10
patients. In each patient, the extracted right and left quad-
rants were randomly divided into 2 groups. The patients
were blinded about the experimental and control sides.
Group 1 was the control side quadrant and did not receive
low-intensity laser therapy. Group 2 was the experimental
March 2012 � Vol 141 � Issue 3 American
side quadrant and received laser therapy. Each group
consisted of 30 quadrants.

On day 7 after the extractions, separators were placed
mesially and distally to the first molars for band place-
ment. After 2 days of separator placement, molar bands
(0.180 3 0.005 in) were custom made. Triple molar
tubes were welded on the buccal surfaces, and a lingual
sheath was welded on the lingual surface of the maxil-
lary molar bands. On the mandibular molar bands,
double molar tubes were welded. Transpalatal arch
20-gauge (0.9 mm) stainless steel wire was adapted on
the model. Maxillary bands with a transpalatal arch in-
serted in the lingual sheath were cemented with glass
ionomer luting cement (D-tech, Pune, India). The trans-
palatal arch was placed for anchorage reinforcement and
secured with an elastic module.

Preadjusted edgewise McLaughlin Bennett Trevisi
brackets (Ortho Organizers, Carlsbad, Calif) of 0.022-in
slot were bonded with Transbond XT (3M Unitek, Monro-
via, Calif), and curing was done with a light-emitting diode
(Dentsply International, York, Pa). Alignment and leveling
were initiatedwith 0.016-inheat-activatednickel-titanium
wire, and later sequences of wires were 163 22-in nickel-
titanium, 173 25-in nickel-titanium, 173 25-in stainless
steel, and 19 3 25-in nickel-titanium. After alignment
and leveling, a final working wire was placed: 19 3 25-
in stainless steel (Orthoforce; G&H Wire, Franklin, Ind).

After 21 days of 193 25-in stainless steel wire place-
ment, individual canine retraction was started with
a nickel-titanium closed-coil spring (G&H Wire). The in-
cisors were consolidated by using 0.009-in steel ligature
wires. The second premolar and the first molar were also
consolidated to make a single anchorage unit. A con-
stant force of 150 g was used for canine retraction on
both the control and experimental sides. To maintain
the force of 150 g in all patients in spite of the different
widths of available extraction spaces, accurate spring se-
lection was done by using the manufacturer’s guide. The
kit of the nickel-titanium closed-coil spring system
(G&H Wire) contains springs of 9 and 12 mm in length.
They are again subdivided into feather light, extra light,
light, medium, and heavy forces. The measuring gauge
supplied by manufacturer with the spring kit has
a hole to simulate the eyelet of the spring. This hole is
slipped over the canine hook; the closest landmark to
the molar hook then shows the recommended spring
size to be selected to achieve a force of 150 g. The spring
was positioned from the first molar tube hook to the
power arm of the canine bracket and also secured with
a ligature tie to the bracket. The exerted force value
was confirmed with an orthodontic dynamometer.
Patients were asked to report immediately if the spring
dislodged or broke; it was then replaced.
Journal of Orthodontics and Dentofacial Orthopedics



Fig 1. Laser irradiation.
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Low-intensity laser therapy was started on the se-
lected experimental side on the same day as placement
of the coil spring.

In 2 patients, the nickel-titanium coil spring became
detached. In both instances, the failures occurred unilat-
erally, from the canine hooks. They were replaced within
12 hours.

Informed consent was obtained from each patient or
parent (for patients less than 18 years of age) for laser
irradiation. The laser type used was a semiconductor
(aluminium gallium arsenide) diode (model LA3D0001.1;
LAMBDA S.p.A., Vicenza, Italy) emitting infrared radiation
with a wavelength of 8086 10 nm operated according to
the manufacturer’s recommendations. All safety precau-
tions for the patient and the operator were followed.
This medical equipment has a wide range of settings
according to the required treatment.

For analgesic purposes, the settings were adjusted to
a wavelength of 800 nm, a continuous wave mode, an
output power of 0.7 mW, and an exposure time of 30
seconds. For bio-stimulation, the parameters were set
at a wavelength of 800 nm, a continuous wave mode,
an output power of 0.25 mW, and an exposure time of
10 seconds.

The hand piece has a cylindrical quartz tip with a sur-
face area of 4 mm2 from where the laser beam is emitted.
The black color-coded needle (used for therapeutic pur-
poses) was attached to the hand piece for low-intensity
laser therapy. The routine method of sterilization and
disinfection was followed. In particular, the hand piece
body and the optic tips were sterilized by cold steriliza-
tion.

Protection glasses were worn by both the operator
and the patient. These glasses, provided by the manufac-
turer, were in accordance with the European norm EN
207 and had a optical density of $5 at the wavelength
of emission from the diode.

Low-intensity laser therapy was started on the day of
placement of the nickel-titanium coil spring for analge-
sia. Two irradiations were done. One irradiation was
done on themiddle third of the canine root on the buccal
side, and the second on the palatal side holding the laser
tip in direct contact with the tissues. On day 3, low-
intensity laser therapy was started for bio-stimulation.
A total of 10 irradiations were done: 5 on the buccal
side (Fig 1) and 5 on the palatal side. To cover the entire
periodontal fibers and alveolar process around the
canines, the distribution and order were as follows.

On the buccal side, there were (1) 2 irradiation doses
on the cervical third of the canine root (1 medial and 1
distal), (2) 2 on the apical third of the canine root (1 me-
dial and 1 distal), and (3) 1 on the middle third (center of
the root).
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On the palatal side, the irradiations were done simi-
larly. The tip was held in contact with the tissue during
application. The total energy density (dose) at each ap-
plication was 8 J (2 3 40 s 3 100 mW).

This procedure was followed for all subsequent ap-
pointments. 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 re-
traction on the experimental side.

To prevent intraoperator variations, all irradiations
were done by the same operator (D.-M.). To control the
patient’s behavior about the pain and maintain blind-
ness, the hand piece was also held on the control side
just to project the red guiding light with no laser emis-
sion. After 6 months, the laser side (experimental) and
the control side canines were examined with periapical
radiographs, which showed no undesirable changes in
the adjacent periodontal ligaments and alveolar bones.
Vitality tests of the retracted canines were also positive.

Three models were made for each patient. On the
models, the mesial cusp tips of first molar and the canine
were the reference points. The measurement recorder
was blinded about the control and experimental sides.
The distance between the first molar and the canine
was measured on all 3 models for each patient with
a digital caliper (AEROSPACE, Shanghai, China) accurate
to6 0.02 mm. These distances were recorded at T0 (af-
ter completion of alignment and leveling: day 1 of ca-
nine retraction), T1 (at the end of 3 months of canine
retraction), and T2 (on completion of canine retraction
on the experimental side). Descriptive statistics is pre-
sented in Table I.

Difference between T0 and T1 was the amount of
tooth movement over the period of 3 months (Table II).

The rate of orthodontic tooth movement was calcu-
lated as the amount of tooth movement divided by the
ics March 2012 � Vol 141 � Issue 3



Table I. ANOVA results of the mean distances (mm) between the cusp tips of the canines and the mesial cusp tips of
the first molars

Maxillary arch Mandibular arch

Control Experimental Control Experimental
T0 19.81 6 1.61 19.81 6 1.59 21.29 6 1.14 21.56 6 0.94
T1 17.83 6 1.62 15.51 6 1.43 19.39 6 1.47 17.04 6 1.25
T2 15.90 6 1.33 14.32 6 1.26 17.52 6 1.29 16.02 6 1.41
F-statistics 33.03 81.26 20.86 59.08
P value* 0.0000 0.0000 0.0000 0.0000
Inference HS HS HS HS

HS, Highly significant; T0, start of canine retraction; T1, at 3 months; T2, at 4.5 months.
*Probability value denoting significance.

Table II. Amounts (mm) of canine retraction in the control and experimental sides

Variable Control group Experimental group t value* P value Inference
T0-T1 1.98 6 0.46 2.30 6 0.45 2.1458 0.0381 S
T0-T2 3.96 6 0.98 5.49 6 0.99 4.9156 0.0000 HS

HS, Highly significant; S, significant; T0-T1, amount of canine retraction in 3 months; T0-T2, amount of canine retraction in 4.5 months.
*Paired t test applied.
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time period. The rate of orthodontic tooth movement at
the end of 3 months (M1) was recorded as T0 – T1 di-
vided by 3.

The rate of orthodontic tooth movement on comple-
tion of canine retraction (M2) on the experimental side
was recorded as T1 – T2 divided by the number of
months. The M1 and M2 readings were calculated for
both the experimental and control sides and compared
(Table III).

Each patient’s response after nickel-titanium coil-
spring placement was ranked according to a visual
pain scale (Fig 2) on day 1 (immediately after place-
ment), day 3, and day 30.

To calculate errors in measurements, the measure-
ments were repeated by another operator. The error of
the measurements was calculated according to Dahl-

berg’s formula: Se 5
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiX

d2=2n

q
, where

P
d2 is the

sum of the squared differences between pairs of
recordings and n is the number of duplicate measure-
ments.17 This difference was within 0.05 mm; this was
insignificant.
Statistical analysis

Master sheets were prepared to facilitate analysis of
the data. The data were tabulated and analyzed by
statistical software (version 10.0; StataCorp, College
Station, Tex). The descriptive statistics of mean differ-
ences, standard deviations, and standard errors were cal-
culated for all variables (Table I).
March 2012 � Vol 141 � Issue 3 American
The paired t test was used to compare the variables
within the groups. One-way analysis of variance (AN-
OVA; F statistics) was used for comparing the distances
at T0, T1, and T2 in both groups. Multiple comparisons
were done with the Bonferroni test. After analysis, the
data were sorted into various tables based on the objec-
tives of the study. The results are expressed as levels of
significance.

Significance was determined at the 0.05 and 0.01
levels of confidence.

RESULTS

The amounts of M1 were 0.65 mm per month on the
control side and 1.46 mm per month on the experimen-
tal side. The amounts of M2 were 0.81 mm per month on
the control side and 1.15 mm per month on the experi-
mental side (Table III). There was a highly significant
positive difference in the rates of tooth movement on
the experimental side compared with the control side
(Fig 3). The mean increase in the rates of tooth move-
ment at 3 months was 54% in the maxillary arch and
58% in the mandibular arch. Mean increase in the rate
of tooth movement after canine retraction was 29% in
the maxillary arch and 31% in the mandibular arch
(Fig 4).

As illustrated in Figure 5 on day 3, there was a nonsig-
nificant rise in the pain score on the control side, but
there were highly significant decreases in the pain scores
on the experimental sides. On day 30, there was a highly
significant decrease in the pain score on both sides
Journal of Orthodontics and Dentofacial Orthopedics



Table III. Comparison of the rates of canine retraction

M1 (mm/mo) M2 (mm/mo)

Control Experimental Result Control Experimental Result
Maxillary 0.66 6 0.55 1.43 6 0.15 HS 0.84 6 0.21 1.17 6 0.22 HS
Mandibular 0.63 6 0.28 1.51 6 0.18 HS 0.75 6 0.09 1.11 6 0.17 HS
Combined mean 0.65 6 0.18 1.46 6 0.16 HS 0.81 6 0.18 1.15 6 0.21 HS

HS, Highly significant; M1, rate at end of 3 months; M2, rate at end of canine retraction.

Fig 2. Visual analog pain scale.
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(Table IV). The pain score on the experimental side was
significantly lower compared with the control side on
day 3 as well as on day 30 (Table V).

DISCUSSION

In this study, we used the semiconductor with awave-
length of 800 nm, a continuous wave mode, an output
power of 0.25 mW, and an exposure time of 10 seconds
because the results of Takeda18 and Bradley et al19 had
indicated significant bio-stimulatory effects on bone
metabolism around this dosage, whereas higher dosages
had bio-inhibitory effects, and lower dosage showed
nonsignificant results. A 15-day regimen was used
because it coincides with normal recall visits. Ngan
et al20 proved that, after an orthodontic procedure,
pain and soreness occur after 24 to 48 hours. Thus,
American Journal of Orthodontics and Dentofacial Orthoped
the first follow-up score after low-intensity laser therapy
was recorded on day 3.

A direct comparison between this study and previous
studies was limited by a number of factors, such as dif-
ferent laser parameters and various animal models. Some
researchers omitted descriptions of important aspects
related to the study designs. The force to move teeth
also differed across studies, as did the methods used
for measuring movement.

The rate of tooth movement after 3 months on the
experimental side showed a 1.3-fold increase. In other
words, the rate was 56% more compared with the con-
trol side. Similar findings were reported by Kawasaki
and Shimizu21 and Yoshida et al.22 They reported
a 1.3-fold increase in movement in their experimental
laser group over periods of 12 and 21 days in rats. Fujita
et al15 also demonstrated a 1.5-fold increase in their ir-
radiated group over only 7 days. However, their study
was on rat molars, and the orthodontic force was not
specified.

Kim et al23 reported a higher rate of tooth movement
than that in our study over a period of 2 months in dogs.
They found a 2.08-fold increase in tooth movement for
their experimental low-intensity laser therapy sample
compared with a 1.3-fold increase over 3 months in
our study. They used a pulsed mode rather than the con-
tinuous mode that we used. Yoshida et al22 stated that
laser units show more bio-stimulatory response when
functioning in pulsed mode, but Bradley et al19 and
Takeda18 used the continuous mode effectively. The
continuous mode also has peaks and valleys because
the laser unit cannot emit continuously in real time. In
2004, Cruz et al24 was the first to carry out a human
study on the effect of low-intensity laser therapy on or-
thodontic tooth movement. They showed that the irradi-
ated canines were retracted at a rate 34% greater than
the control canines over 60 days. In our study, the rate
of retraction was 54% greater on the experimental side
but over a period of 3 months.

Goulart et al25 did a split-mouth study in dogs with 3
groups, 1 control and 2 experimental. In 1 experimental
group, they used an energy density of 5.25 J per square
centimeter; in the second experimental group, they used
ics March 2012 � Vol 141 � Issue 3



Fig 3. Rates of tooth movement in the control and experimental groups.

Fig 4. Increases in the rates of tooth movement.
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35 J per square centimeter. The first experimental group
had a 50% increase, but the second experimental group
had a 90% decrease during the first 21 days. They con-
cluded that low-intensity laser therapy with an energy
density of 5 J per square centimeter and a total dose
of 1.89 J had a stimulatory effect when compared with
the controls, and an energy density of 35 J per square
centimeter and a total dose 12.6 J had a bio-inhibitory
effect when compared with the controls. In our study,
an energy density of 5 J per square centimeter and a total
dose of 8 J were used.

However, the findings of Limpanichkul et al26 dif-
fered from ours. They showed no difference between
the experimental low-intensity laser therapy subjects
and the controls in a split-mouth study with human
subjects over 4 months. The reason could be the higher
March 2012 � Vol 141 � Issue 3 American
energy density of 25 J per square centimeter that they
used.

The average time required for canine retraction on
the experimental side was 4.5 months. Thus, the rate
on the experimental side was 1.5 times, or 30%, more
compared with the control side. However, Youssef
et al27 reported a rate of canine retraction almost twice
as fast as that of the control canines over a 6-month pe-
riod in human subjects using a split-mouth design. The
reason could be the increased irradiation frequency of 4
times per month until the end of canine retraction com-
pared with 4 times per month in the first month and 2
times per month in subsequent months in our study.

In this study, in the first 3 months, a 56% increase in
rate of tooth movement was observed, whereas the aver-
age increase during the entire period of canine retraction
Journal of Orthodontics and Dentofacial Orthopedics



Fig 5. Pain scores in the control and experimental groups.

Table IV. Pain scores in the control and experimental groups (Wilcoxon signed rank test)

Comparison

Control group Experimental group

Z value P value Inference Z value P value Inference
Day 1 vs day 3 1.508 0.1317 NS 4.028 0.0001 HS
Day 1 vs day 30 3.162 0.0016 HS 4.056 0.0000 HS

HS, Highly significant; NS, nonsignificant.

Table V. Mean changes of pain scores at days 3 and 30 from baseline between the control and experimental groups

Control group Experimental group Z value P value Inference
Day 3 0.25 6 0.71 2.15 6 0.98 5.246 0.0000 HS
Day 30 0.5 6 0.51 1.5 6 0.76 4.1000 0.0000 HS

HS, Highly significant.
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was only 30%. This indicates a decrease in the rate of
tooth movement in later time periods; this could be ex-
plained as analogous to the normal lag phase in ortho-
dontic tooth movement.

No study has compared the rate of orthodontic tooth
movement in the maxillary and mandibular arches. In
our study, the mean increases in the rates of tooth move-
ment at 3 months were 54% in the maxillary arch and
58% in the mandibular arch. Mean increases in the rates
of tooth movement after canine retraction were 29% in
the maxillary arch and 31% in the mandibular arch.
These differences were not statistically significant but
clinically thought provoking. The smaller increase in
the maxillary arch might be because the periodontal
ligament of the canines is farther from the site of irradi-
ation on the palatal side. Esnouf et al28 showed a signif-
icant reduction in intensity in the first millimeter of
penetration: ie, up to 66%. The clinical implication will
American Journal of Orthodontics and Dentofacial Orthoped
be that more energy density should be used on the
palatal surfaces of the maxillary teeth.

To relieve orthodontic pain, severalmethods have been
used. One is drugs (nonsteroidal anti-inflammatory
drugs). Although these drugs can be effective in relieving
pain, they might also reduce the rate of tooth move-
ment.29 Therefore, the second aim of this study was to
clinically evaluate the analgesic effect of low-intensity
laser therapy after the application of an orthodontic
force. We found a highly significant decrease in pain
scores on the experimental sides on day 3 compared
with day 1. Similar findings were reported by Koji
et al.30 They observed significant pain reductions with
low-intensity laser therapy immediately after insertion of
separators until day 4.

Lim et al9 also observed decreases in pain scores with
low-intensity laser therapy after placement of the initial
archwires. Youssef et al27 evaluated orthodontic pain on
ics March 2012 � Vol 141 � Issue 3
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every 21st day after placement of nickel-titanium
closed-coil springs until complete canine retraction
and reported significant decreases in pain scores with
low-intensity laser therapy during all treatment stages.

CONCLUSIONS

Low-intensity laser therapy increases the rate of or-
thodontic tooth movement in a physiologic manner. It
causes no side effects on the vitality or the periodontium
of the teeth. Thus, it can safely and routinely be used
during orthodontic treatment to shorten the treatment
time. Low-intensity laser therapy also is an effective
method of analgesia during orthodontic treatment. It
has the following clinical applications.

1. Low-intensity laser therapy can be used for differ-
ential movement of teeth. In cases of midline shift,
it can be used to stimulate orthodontic tooth move-
ment on the opposite side. Application of low-
intensity laser therapy only on teeth to be moved
conserves the anchorage. Because low-intensity
laser therapy stimulates tooth movement by alter-
ing the biologic response and not by increasing
forces or changing mechanics, it does not tax the
anchorage.

2. A few studies have reported a decreased rate of tooth
movement in adult patients because of decreased
vascularity and cellularity of bone.31 Low-intensity
laser therapy will be beneficial in adult patients
because vascularity and cellularity of bone. With
increasing numbers of adults in orthodontic
practices, this application might be important.

We thank the Honourable Dean Dr. Vinay Hazary of
Government Dental College and Hospital, Nagpur, India
for his support throughout this study.
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