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It has been suggested that the application of low-inten-
sity laser light accelerates cell changes responsible for

orthodontic movement, and there are various reac-
tions at the cell level that may be triggered which in-
duce dental movement.1

Alhara et al2 reported that during orthodontic den-
tal movement, the OPG/RANKL/RANK (osteoprote-
gerin/receptor activator of NF-kappaB ligand/receptor
activator of NF-kappa B) system in periodontal tissue is
a very important factor determining the regulatory bal-
ance of alveolar bone resorption. The increased rate of
orthodontic movement after low-intensity laser applica-
tion might be related to its effect on the expression of

RANKL and OPG in osteoblasts and periodontal liga-
ment cells, as well as RANK during orthodontic move-
ment. The expression of RANK molecules in
pre-osteoclast cells was detected in early stages of irra-
diated cultures. This suggests that laser irradiation is
able to induce differentiation and activation of osteo-
clasts via RANK.

Previous laboratory tests found a stimulatory effect
of low-power laser irradiation on bone regeneration of
the midpalatal suture during rapid maxillary expansion
in rats.3 Furthermore, Ozawa et al4 proved that laser
irradiation stimulates cell proliferation and differentia-
tion of cells forming bone nodules, derived from an os-
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teoblast lineage mainly in the relevant precursors, in-
creasing the number of differentiated osteoblasts as
well as bone neoformation. Additionally, Kawasaki and
Shimizu5 reported that low-level laser irradiation stim-
ulates the rate of dental movement and osteoclast pro-
liferation on the pressure side during experimental in
vivo dental movement, due to the fact that bone re-
modeling is a physiological process involving both bone
resorption by osteoclasts and bone matrix synthesis by
osteoblasts.6-8

Studies performed on human subjects show the effi-
cacy of laser in reducing pain after activation of the or-
thodontic archwires9-11 and in reducing relapse.12

Animal model studies indicate that low-energy laser
beams stimulate bone resorption.13,14

While studying the effects of laser irradiation on a
line of osteoblasts, Coombe et al15 found that activa-
tion of cell proliferation was not dependent on the 
energy level, but they observed an increase in the
intracellular calcium concentration and concluded that
these effects deserved further study before considering
laser therapy as a potential means of accelerating or-
thodontic movement.

Another study16 in rat osteoblasts irradiated by
laser of 780 nm wavelength found that phototherapy
increases osteoblast proliferation independently of dex-
amethasone presence. 

The above-mentioned studies were performed using
different emission sources, arbitrary distances, and
even manual nonstandardized procedures. Timber-
lake17 emphasized the importance of using homoge-
neous parameters to control the variables in studies of
irradiated cell cultures. There are no reports found in
the literature evaluating laser therapy on human os-
teoblasts, which are the cell line directly involved in or-
thodontic dental movement. To date, the studies have
been conducted in rat cells2 or cancer cells (osteosar-
coma cell lines), which makes it difficult to extrapolate
the results to healthy human tissues. In Coombe’s
study,15 laser irradiation did not cause signif icant
changes in protein expression or alkaline phosphatase
activity; instead, a transitory positive change in intra-
cellular calcium concentration was found after laser 
irradiation. Although the methodology was not  stand-
ardized, the results from different studies usually re-
port increased cell proliferation.17-22

The purpose of this in vitro study is to obtain better
insight into the cellular events related to the morpho-
logical features and proliferation of human osteoblasts
after low-level laser irradiation. Knowledge of these ef-
fects will provide scientific support to guide the clinical
application of laser therapy.

This is the second of two articles from a research
line devoted to the biology of dental movement. The
first part was performed in gingival and periodontal fi-
broblasts at the Biology laboratory of the Universidad
del Valle.23

MATERIALS AND METHODS

Source of Cell Cultures

Human Osteoblasts were obtained from Cambrex Bio-
science (Charles City, IA, USA), and cultured in Os-
teoblast Growth Medium (Promocell Bioscience Alive;
Heidelberg, Germany).

Cell Line Culture

The cell line was cultured as follows: In the first plate,
number 1 (experimental group), 48 wells containing
10% culture medium were inoculated with human os-
teoblasts to receive low-level laser irradiation, and in
plate number 2 (control group), 48 wells inoculated
with human osteoblasts were evenly distributed into low
control (5%), medium (10%), and high (15%) culture
medium subgroups. The plates were purchased from Fal-
con Laboratories (Colorado Springs, CO, USA). The ini-
tial number of cells was adjusted to 4000 per well.

Low-level Laser Irradiation

The irradiation was performed via a carrier with oscil-
latory movement, described using a pre-set formula
and tested in a previous study.23

The strains were irradiated with the infrared emis-
sion Photon LASE laser (As-Ga-Al, DMC Equipamen-
tos; Sao Carlos, Brazil) at a wavelength of 832.79 nm.
To improve the beam field control, a convergent lens
was adapted to the laser with a focal distance of 5 cm,
located 7 cm away from the output of the instrument
and 7 cm above the cell culture surface. The energy
output was kept constant at 36.73 mW in continuous
mode. The f iber was positioned 70 mm above the
monolayer, perpendicular to it, to assure an equal ex-
position throughout the whole culture. Before the ap-
plication of laser irradiation, the energy output was
measured using an energy measuring device. The total
irradiation time per well line was about 1131 s (18.85
min). The flow of energy as a function of the irradia-
tion time was 3.75 J/cm2. 
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Irradiation was applied to the culture while in the
logarithmic proliferation phase, attained after 48 h of
incubation. After laser irradiation, the incubation times
previous to testing cell proliferation using the XTT
technique were 24, 48, 72, 96, 120, or 148 h.

The protocol was validated and previously described
in an earlier article.23

Immunohistochemistry Tests
Enzymatic staining method

Some antibodies are used conjugated to enzymes. The
method requires visualization of the enzyme through
an optical microscope. The cell samples obtained from
the culture were fixed by immersion in 10% formalde-
hyde buffer, and then washed for 5 min in 0.01-molar
phosphate saline buffer (PBS). The endogenous peroxi-
dase was blocked by the addition of 0.3% hydrogen
peroxide for 5 min, followed by 30-min washing with
PBS containing 5% normal serum and 1% bovine albu-
min.

Avidin-biotin complex (ABC) method

This indirect method is very sensitive. After three incu-
bation periods and staining the enzyme, the primary
antibody was incubated one night at 4°C in a wet
chamber, washed in PBS, and incubated again with the
secondary antibody, adding 2 μg/ml biotin and a 50X
dilution of the ABC complex, in a wet chamber for 30
min at room temperature.

Staining

Horse radish peroxidase (HRP) was stained by a histo-
chemical reaction with 3,3́ -diaminobenzidin tetrachlo-
ride, hydrogen peroxide, and diaminobenzidine (DAB).
Alkaline phosphatase reacts with naphtol AS-MX phos-
phate plus Fast Red yielding a bri l l iant red, 
insoluble product called formazan. Finally, the prepara-
tion was contrasted with hematoxilin and mounted in
Permount.

Cell Proliferation Evaluation

The XTT (Roche; St Louis, MO, USA) colorimetric
method was used in a format of 96-well microplates,
which measures cell viability and proliferation in cell

culture samples adhered or in suspension. The incuba-
tion of cells with XTT was followed by spectrophoto-
metric detection of the color product.

The XTT method is a nonradioactive method devel-
oped to use in microplate readers. The cells grown in a
96-well plate are incubated at 37°C in an environment
with 5% humidity and CO2, plus the XTT solution, for
4 to 148 h. After the incubation period, the concentra-
tion of the orange reaction product, formazan, is evalu-
ated by spectrophotometry. Any increase in the
number of viable cells is directly correlated to the
amount of formazan produced and therefore to the ab-
sorbance measured by an ELISA microplate reader.

RESULTS

Cell Proliferation

In the control subgroups (low, medium, and high con-
centration of culture medium), a progressive increase
was detected in the absorbance measured from day 1
to day 6, that is, it was a time dependent increment
(Table 1 and Fig 1). In the experimental group, the ten-
dency up to day 5 was an increment as in the control
groups, but for day 6, a reduction was observed in the
absorbance. 

The Bonferroni test (Table 2 and Fig 2) was applied
at a significance level p < 0.001 due to the high number
of possible comparisons between averages. ANOVA
(not shown) demonstrated that in general, the vari-
ances were homogeneous, but they were higher in the
experimental group than in the controls. On the first
day, there was a significant difference between the 
average for the high control subgroup and the ex-
perimental group, indicating a possible immediate dele-
terious effect of the irradiation, reaching values even
lower than those for the low control subgroup.

On the second day, these differences disappeared,
and the groups became more homogeneous. On the
third day, the experimental group presented significant
differences above the low and medium control sub-
groups, and above the high control subgroup, but this
was not statistically significant. The same tendency is
found for the fourth day’s data. On the fifth day, the
differences between the medium control subgroup and
experimental group are no longer present, as the
medium control reached its highest value on this day.
Nonetheless, the difference between low control and
experimental groups was constant during the whole
period studied. The sixth day’s data indicate that the
experimental group’s growth was similar to the
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Table 1  Results: Absorbance per group and days

LEVEL Day 1 Day 2 Day 3 Day 4 Day 5 Day 6

Low (n = 24)
Average 0,6296 0,832 0,978 1,153 1,197 1,216
Std.Dev. 0,03825 0,05594 0,0771 0,3752 0,3552 0,2019
Medium (n = 24)
Average 0,648 0,937 1,109 1,213 1,378 1,686
Std.Dev. 0,04665 0,10924 0,1442 0,1633 0,3668 0,6281
High (n = 24)
Average 0,67929 1,173 1,38 1,591 1,988 2,534
Std.Dev. 0,05667 0,1725 0,21 0,355 0,5852 0,485
Experimental (n = 32)
Average 0,593 0,96 1,568 1,837 1,929 1,746
Std.Dev. 0,0809 0,4598 0,7135 0,8157 0,7048 0,644

Fig 1 Progressive increase in the absorbance
measured from day 1 to day 6.

Fig 2 Bonferroni test.
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medium control data, with the difference between the
low control and the high control still present. That is,
the experimental group was on day 6 lower than the
high control, but higher than the low control.

In general terms, the differences between days are
always significant, which is interpreted as a significant
rate of growth in both cultures. Between levels of the

control groups, the only significant difference was be-
tween low and high levels.

Taken together, the results suggest that growth in
the high control was higher per time unit, while the
low control presented the lowest rate of growth. The
experimental and the medium control had a similar
rate of growth, but it was higher in the experimental
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Table 2  Statistical anylysis of results – Bonferroni t test

BONFERRONI t TEST
(Level of  significance, p < 0,001)

AVERAGE COMPARED p Significance

Day 1 Low vs Experimental 0,04527
(n = 24) Medium vs Experimental 0,0046

High vs Experimental 4,00E-05 Significativa
Day 2 Low vs Experimental 0,1006

Medium vs Experimental 0,5795
High vs Experimental 0,07

Day 3 Low vs Experimental 1,00E-06 Significativa
Medium vs Experimental 2,00E-05 Significativa
High vs Experimental 0,00397

Day 4 Low vs Experimental 0,00012 Significativa
Medium vs Experimental 0,00018 Significativa
High vs Experimental 0,0941

Day 5 Low vs Experimental 0,00012 Significativa
Medium vs Experimental 0,00569
High vs Experimental 0,2678

Day 6 Low vs Experimental 7,50E-05 Significativa
Medium vs Experimental 0,507
High vs Experimental 2,00E-05 Significativa

Experimental Day 1 vs day 2 9,00E-06 Significativa
(n = 32) Day 1 vs day  3 1,40E-10 Significativa

Day 1 vs day  4 7,00E-13 Significativa
Day 1 vs day  5 1,20E-15 Significativa
Day 1 vs day 6 1,90E-15 Significativa
Day 2 vs day 3 2,00E-07 Significativa
Day 2 vs day 4 2,00E-07 Significativa
Day 2 vs day 5 2,00E-07 Significativa
Day 2 vs day 6 2,00E-07 Significativa
Day 3 vs day 4 8,70E-07 Significativa
Day 3 vs day 5 3,00E-08 Significativa
Day 3 vs day 6 2,00E-07 Significativa
Day 4 vs day 5 8,59E-01
Day 4 vs day 6 6,11E-01
Day  5 vs day 6 4,52E-01
Low vs medium level 1,50E-01
Low vs high level 3,90E-16 Significativa
Medium  vs high level 3,90E-06 Significativa
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group. The peak level of growth in the low control was
attained between days 1 and 2, while for the medium
and high controls, the peak was reached between days
5 and 6. In the experimental group, the peak value of
cell proliferation was attained between days 2 and 3,
but the sixth day reduction lowers it to the level of the
third day. The results are rather variable for the days 3
to 5.

Immunohistological Results

Cell proliferation – antiprotein antibodies
Under a light microscope, four plates were observed
with different kinds of staining. The validated method
uses anti-mitotic protein antibody (Ki-67, Dako; Cam-
bridge, UK ) that warrants the presence of the same
for the whole mitotic process (G1, S, G2 mitotic
phases). The qualitative interpretation of the micro-
scopic observations is that there was an abundant
growth of the osteoblast monolayer, with good cell
morphology and presence of nuclei or cell proliferation
centers (Fig 4).

DISCUSSION

There are a number of experimental in vitro studies
about the biostimulation mechanisms of laser irradia-
tion in bone tissue cells, such as osteoblasts and osteo-
clasts,1,8-11,15,16,21 but they do not provide strong
evidence for the therapeutic application of laser in or-
thodontics. Therefore, this system is being used as a

therapeutic tool without sound scientific evidence of
the effects on cells involved in dental movement. The
present results suggest that low-level laser irradiation
of human osteoblasts stimulates cell proliferation for
up to 6 days, as indicated by the increased absorbance
shown in the XTT test. This increment is significantly
higher than that observed in nonirradiated control
groups.

The observed reduction in cell proliferation on the
sixth day is likely due to the contact inhibition charac-
teristic of primary cultures of normal human os-
teoblasts (NHOs), which clearly distinguishes them
from tumor cell lines that, after occupying the growth
area, still proliferate and increase the number of cells
per area unit .

Current research with low-level laser in animal mod-
els and controlled clinical trials have yielded contradic-
tory results,11,12 partly due to the technical difficulties
of measuring variables such as pain and tissue repair;
these technical problems are reduced in cell biology
studies. The detailed mechanism of laser-cell interac-
tions is still a matter of research, and information
about the effect of low-level laser irradiation on cell
proliferation and cytotoxicity is far from complete in
the available literature.8 There are different methods
to evaluate cell proliferation, including staining spec-
trophotometric methods and radioactive trace of
thymidine and proline incorporation in cells. In this
study, the XTT test (Roche) was used, which is a non-
radioactive, simple, low-cost alternative to quickly eval-
uate a great number of samples.

In general, the evaluation showed significant differ-
ences in cell proliferation during 7 days of evaluation of

SCIENCE
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Fig 3 Microplate for the control groups. Notice the distribution
of wells according to the subgroups (control low, medium, and
high).

Fig 4 Good cell morphology and presence of nuclei or cell prolif-
eration centers.
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culture growth. The peak of growth for the controls is
not exactly the same as the experimental peak of
growth: for the low control it was reached in 1 to 2
days, while for the medium and high controls it oc-
curred on days 5 or 6, and in the experimental group
on days 2 or 3. In the control groups, the time-related
increase in the absorbance is progressive from days 1
to 6, while for the experimental group, the incremental
tendency was observed until the fifth day, and then it
was reversed, probably due to contact inhibition which
is characteristic of NHOs.

As opposed to Coombe’s study,15 which used an os-
teosarcoma line of osteoblasts irradiated with low-level
laser light, in this study, the rate of proliferation was al-
ways significantly increased. Coombe reports that the
cell reaction to laser irradiation was not characterized
by an increment of proliferation, but by an increment
of temperature and intracellular calcium concentration.
These effects should be further investigated before ap-
plying the laser therapy as an accelerating stimulus for
dental movement.

At the level of significance indicated by the Bonfer-
roni test for multiple average comparison (p < 0.001),
assuming homogeneous variances, the results were al-
ways higher for the experimental group vs the con-
trols. The difference between days of incubation was
also significant, and the time to peak was different, as
already mentioned.

The energy level used in this study (3.75 J/cm2) was
selected taking into account that previous studies24,25

indicate that energy levels of 2 to 8 J/cm2 are useful to
increase cell proliferation, independent of the energy
level in this range.

It is also acknowledged that laser effects are wave-
length and dose dependent. The molecular absorption
of laser light is required to achieve any cellular effect.
The single dose of irradiation used in this study was se-
lected because in a previous study,26 it was reported to
cause results similar to those yielded by multiple doses
of irradiation. The stimulating effect of laser occurs
during early stages of precursor proliferation, but not
in late stages of proliferation. The results of this study
suggest that low-level laser therapy has a positive effect
on the mechanisms involved in dental movement, such
as increases in the osteoblast proliferation, but without
a significant effect on fibroblasts as was shown in a pre-
vious study.23

The increased proliferation of osteoclasts, not tested
in this study, might be related to the cascade of events
required to induce dental movement, and this fact
could involve osteoclast differentiation via RANK/
RANKL.

It is important to study the laser irradiation effects
on other cell lines involved in dental movement, in
order to obtain further insight into the mechanisms of
accelerated orthodontic dental movement, mediated
by laser irradiation.

CONCLUSION

Normal human osteoblast cells (NHOs) are sensitive to
low-level laser irradiation with Photon LASE (As-Ga-Al)
in early stages of culture, causing an enhancement of
cell proliferation from the first day, until the time of
contact inhibition.
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