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In terms of clinical evidence, in vitro studies are not
usually taken into account, as it is often argued that a

clinical decision cannot be supported on the effects ob-
served in cell cultures. It is acknowledged that a direct
extrapolation of culture results to the human being is
at least uncertain, and probably incomplete. Neverthe-
less, laser therapy in dentistry has been extensively
used without previous in vivo evidence. The following
review includes updated publications (cited in Pubmed
and reported in Colombia in English and Spanish from
1980 to 2008) reporting the therapeutic effects of
laser in each cell-line relevant to orthodontically in-
duced dental movement.

Background

Many cellular reactions occur in order to make an in-
duced dental movement possible,1-4 and there are many
reports indicating that the application of low energy
laser beams accelerate critical cellular events necessary
to attain the dental movement.5 For many years now,
laser systems have been therapeutically used, but with-
out the support of scientific evidence about the effects in
the cells involved in dental movement.

The purpose of this systematic review of the litera-
ture is to update and bring together the information
about laser effects on fibroblasts, osteoblasts, and os-
teoclasts.
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In Vitro Studies on Different Cell Lineages

Fibroblasts

Gingival fibroblasts were irradiated in a study published
by Almeida Lopez,6 with a laser energy of 2 J/cm2. The
cell proliferation was higher than in the nonirradiated
control group. This in vitro study also related the dura-
tion of exposure to the rate of fibroblast proliferation
and compared infrared with visible laser wavelengths.
The authors concluded that there was a negative corre-
lation between duration of exposure and rate of prolif-
eration, with the infrared laser being more effective than
visible laser. The effects on fibroblast rate of prolifera-
tion were equal for a similar dose of energy, indepen-
dent of the wavelength.

Pereira et al7 evaluated the synthesis of pro-collagen
after irradiation of gingival f ibroblast cultures. This
group used Ga-As laser in a range of energy between 3
to 5 J/cm2, 120 mW of power and a wavelength of
904 nm, measuring pro-collagen immunoprecipitation
and determining growth curves. They concluded that
laser light enhances cell proliferation without a signifi-
cant effect on pro-collagen synthesis.

Marques and Pereira8 analyzed protein synthesis
and fibroblast morphology in human gingival fibrob-
lasts irradiated with a low energy Ga-Al-As laser, at a
wavelength of 904 nm, 120 mW and 3 J/cm2. They re-
ported a significant reduction in the amount of protein
synthesized and changes in the structure of cytoplasm
organelles in the cells treated. The authors related the
observed ultrastructural changes in irradiated human
gingival fibroblasts to changes in collagen metabolism.

Kreisler9 evaluated the potential stimulation of low
energy laser irradiation on periodontal ligament fibrob-
lasts. It is accepted that periodontal fibroblast cultures
are quite different from gingival fibroblast cultures,10

but Kreisler found that laser enhanced the rate of pro-
liferation compared to the nonirradiated control, as in
gingival fibroblasts.

There are also reports on fibroblasts irradiated with
LEDs (light emitting diodes) and low energy laser,11

which confirm stimulation of cell proliferation.
These studies are difficult to compare, as they used

different emission sources, arbitrary distances, and
nonstandardized manual techniques. Timberlake12 em-
phasized the need of using standard parameters of ir-
radiation for cultured cells. Therefore, in 2008, a pilot
study13 was carried out to develop a protocol for use
in experimental studies with human gingival and peri-
odontal fibroblast, osteoblasts, and pre-osteoclasts.
The protocol was developed using the As-Ga-Al laser

set to 37 mW power, 830 nm wavelength and 3.75
J/cm2 of energy. The rate of cell proliferation was mea-
sured after 24, 48, 72, 120 and 144 hours of irradia-
tion. It was proved that gingival f ibroblast rate of
proliferation was indeed higher than the control, but
the difference was not significant. On the other hand,
irradiated periodontal fibroblasts showed no difference
to the control,14,15 which indicates that previous results
might be due to the heterogeneity of the fibroblast
subpopulations studied.

Young et al16 studied macrophages irradiated at 660
nm, 820 nm and 870 nm wavelengths and reported
that the 870 nm wavelength stimulated the release of
factors that are known to stimulate fibroblast rate of
proliferation, whereas other wavelengths inhibited the
release of the same factors or encouraged the release
of some inhibitory factors. These results taken to-
gether only suggest that at certain wavelengths there is
some stimulating effect, while for other wavelengths
the effect might be to inhibit cell proliferation. There-
fore, laser therapy could be used as necessary, either
to stimulate or to inhibit fibroblast proliferation.

Osteoblasts

Osteoblasts are the essential bone regeneration cells,
and are derived from specialized fibroblasts. The first
study17 about irradiated osteoblast cultures was per-
formed in rat calvaria cells at different stages of cell
growth, with Ga-As-Al laser at 780 nm and 500 mW.
Besides cell proliferation, bone nodule formation, alka-
line phosphatase activity and osteocalcin expression
were also examined. It was found that laser photother-
apy enhances cell proliferation at initial stages of cell
growth, and increases alkaline phosphatase activity, os-
teocalcin gene expression and bone nodule number. The
net result is that laser stimulates the proliferation and
differentiation of osteoblast precursors involved in bone
formation.

Coombe and Darendelier18 studied the effects of
laser irradiation on a line of osteoblastic cell from
human osteosarcoma (SAOS-2). They used Ga-Al-As
laser in continuous mode at 830 nm wavelength, 90
mW and 0.3, 0.5, 1.2 or 4 J/cm2. Cell proliferation
under these conditions was not significantly affected,
but an increased concentration of intracellular calcium
was observed, which could be relevant to orthodontic
movement and deserving of further study.

Using Ga-Al-As laser (780 nm, 10 mW and 3
J/cm2), Fujihara et al19 irradiated rat calvaria os-
teoblast-like cells, previously treated or not treated
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with dexamethasone. This study analyzed the adhe-
sion, proliferation and synthesis of osteonectin. The
study concluded that laser therapy induced cell prolif-
eration independent of the presence of dexametha-
sone.

Dominguez et al20 irradiated normal human os-
teoblasts (NHOst) with low energy laser (As-Ga-Al,
3.75 J/cm2 and 36.7 mW), for periods of 24, 48, 72,
96, 120 or 148 hours. The results indicate that NHOst
are sensitive to low level laser irradiation while in early
stages of development in culture. Cell proliferation was
enhanced from the first day on, until there was contact
inhibition (Figs 1 and 2). This finding could be clinically
applicable in orthodontics and periodontal surgery,
when bone neoformation is required.

Preosteoclasts and Osteoclasts
Osteoclasts are highly differentiated members of the
macrophage/monocyte lineage, derived from hemopoi-
etic precursors. The expression of tartrate-resistant acid
phosphatase (TRAP) is characteristic of this lineage and
it is frequently used as a biochemical marker of this cell
proliferation.22 In vitro osteoclastic activity is measured
by the lacunae excavation in bone or dentin layers and
this activity identifies active and mature functional osteo-
clasts.23,24

Tsay et al,25 using an adult rat model, reported that
osteoclasts involved in orthodontic remodeling derive
from periodontal ligament precursors and when pro-
longed strong forces are applied, they originate from

bone marrow precursors. They quantified the osteo-
clast activation cycle, lasting approximately four weeks,
while the active life of the osteoclast was 9 or 10 days.
This explains why it is so difficult to study and analyze
the in vitro behavior of preosteoclasts and osteoclasts.

In an in vivo rat model, Saito and Shimizu26 studied
the stimulating effect of low energy laser irradiation on
bone regeneration in the midpalatal suture during rapid
maxillary expansion. They used Ga-Al-As laser (100
mW) modifying the exposure time, and found out that
the accelerated rate of bone regeneration in the irradi-
ated group was dose dependent.

Kawasaki and Shimizu27 reported that low level
laser stimulates both the rate of dental movement and
osteoclast differentiation on the pressure side during
experimental dental movement in vivo. Altogether, the
reported results agree with the well-accepted model of
bone remodeling as a physiologic process involving
bone resorption by osteoclasts and bone synthesis by
osteoblasts.28-32

Sun et al33 performed an experiment in which they
applied an orthodontic force of 80 g in rabbit maxillary
first molars. They found out a difference in the number
of osteoclasts between the experimental side laser irra-
diated and the control, after 3, 5 or 7 days of treat-
ment. The authors concluded that low energy laser
promotes dental movement by enhancement of alveo-
lar bone remodeling.

Aihara and Yamaguchi34 performed studies on the
system OPG/RANKL/RANK (Osteoprotegerin/Re-
ceptor activator NK ligand and Receptor activator NK)
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Fig 1 Human osteoblasts from PromoCell Bioscience alive© and
Cambrex BioScience, Walkersville Inc, and cultured in the BD,
BioCoat™ Osteologic TM Bone Cell Culture system (4X).

Fig 2 Human osteoblasts from PromoCell Bioscience alive© and
Cambrex BioScience, Walkersville Inc, and cultured in the BD,
BioCoat™ Osteologic TM Bone Cell Culture system (10X).
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during orthodontic dental movement, finding it to be
an important molecular regulatory system to balance
the alveolar bone resorption in periodontal tissue.
Those authors reported that after low-energy laser ir-
radiation applied to rat osteoclast precursor cells for 1,
3, 6, or 10 min at 24-h intervals during the culture pe-
riod, the laser irradiation groups showed upregulated
expressions of RANK. In the pit formation assay, re-
sorption pits were significantly more abundant in the
laser irradiation groups than in the controls.34 This re-
search suggest that low-energy laser irradiation facili-
tates differentiation and activation of osteoclasts via
RANK expression. 

Human Studies

Studies performed in human subjects have shown an ef-
fect of laser on post adjustment pain.36,37 The random-
ized controlled study performed at the CIEO
Foundation in 19965 to study the effects on pain during
the alignment and leveling stage of treatment, detected
not only a pain relief effect but a reduction in the total
duration of treatment, as compared to the control
group.

Meguro38 found an inhibitory effect of low energy
laser irradiation on relapse and opening of the gingival
embrasure space. Using Ga-Al-As laser, this group irra-
diated an area of 0.5 cm2 in the vestibular and lingual
papillae between canines and observed a reduction in
gingival inflammation.

Cruz et al39 studied 11 patients during the ortho-
dontic distalization of canine teeth for 60 days. The ex-
perimental group was irradiated with therapeutic laser
(wavelength 780 nm, power 20 mW, energy 5 J/cm2)
for 10 s per month. The rate of canine distalization
movement was enhanced in the irradiated group versus
the control.

Beyond the scope of this review of literature, addi-
tional applications of laser in orthodontics are being de-
veloped, for instance. to etch enamel for orthodontic
bonding40 and for soft-tissue management.41

CONCLUSIONS

The reports reviewed here on laser effects on fibrob-
lasts agree that there is an enhancement of the prolife-
ration in irradiated cultures. Periodontal fibroblasts
apparently are not activated in the same proportion as
gingival or dermal fibroblasts.

Normal osteoblasts irradiated with therapeutic laser
also increase the rate of proliferation, which allows
them to perform the bone synthesis required in ortho-
dontic and periodontal surgical clinical situations.

Animal studies indicate that the number of osteo-
clasts in irradiated sites during orthodontic movement
is increased. Human studies indicate a significant in-
crease in orthodontic movements and reduction of
post-adjustment pain.

According to the updated review of reliable studies,
there appears to be strong evidence to support the use
of low energy laser as a therapeutic tool in orthodon-
tics, safe at the cellular level and clinically efficient. 
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