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Abstract: O objetivo do estudo foi realizar uma revisao de literatura a respeito da terapia com laser de
baixa poténcia e sua relacio com as fases iniciais de reparo. Foram analisados 22 artigos, observou-se a
utilizacao de diferentes doses e comprimentos de ondas (632,8 a 904 nm). Nos estudos in vitro foram
utilizadas doses entre 2,2 e 16 J/cm2. A dose de 5 J/cm? tem sido apontada como responsavel por
mudancgas significativas in vitro, porém a dose de 16 J/cm? promove efeito inibitério sobre o crescimen-
to celular em culturas. Em estudos in vivo, envolvendo animais foram utilizadas doses entre 0,04 a 21
J/cmz. Para estudos em humanos foram utilizadas doses entre 1,8 a 16 J/cm2. Conclui-se que a terapia
com laser de baixa poténcia exerce efeitos antiinflamatérios importantes nos processos iniciais da cica-
trizacdo: redug¢ao de mediadores quimicos, de citocinas, do edema, diminui¢ao da migragao de células
inflamatérias e incremento de fatores de crescimento contribuindo diretamente para o processo de
reabilitacao tecidual. Porém, a falta de padronizacio dificulta a escolha de parimetros ideais.
Keywords: Fibroblast growth factors; Inflammation; Inflammation mediators; Laser therapy, Low-level,
Lasers

Resumo: O objetivo do estudo foi revisar a literatura a respeito da terapia com laser de baixa poténcia
e sua relacao com as fases iniciais de reparo. Foram analisados 22 artigos, observando-se a utilizacao de
diferentes doses e comprimentos de ondas (632,8 a 904 nm). Nos estudos in vitro, foram utilizadas
doses entre 2,2 e 16 J/cm?2. A dose de 5 J/cm? tem sido apontada como responsavel por mudancgas sig-
nificativas in vitro; porém, a dose de 16 J/cm? promove efeito inibitério sobre o crescimento celular em
culturas. Em estudos in vivo, envolvendo animais, foram utilizadas doses entre 0,04 a 21 J/cm2. Para
estudos em humanos, foram utilizadas doses entre 1,8 a 16 J/cm2. Conclui-se que a terapia com laser de
baixa poténcia exerce efeitos anti-inflamatérios importantes nos processos iniciais da cicatrizagao:
reducio de mediadores quimicos, de citocinas, do edema, diminuicio da migra¢ao de células infla-
matdrias e incremento de fatores de crescimento, contribuindo diretamente para o processo de reabil-
itagao tecidual. Porém, a falta de padronizacao dificulta a escolha de parametros ideais.
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INTRODUCTION

Clinical practice with low-level laser therapy
(LLLT) has been investigated and employed for
about 20 years. The growing interest in the effects of
this therapy has been demonstrated by the signifi-
cant amount of scientific publications in the area.
However, researchers and therapists have ques-
tioned the clinical benefits of laser therapy due to
divergent results in the literature caused by lack of
methodological standardization in studies as well as
by its clinical applicability, especially when it comes
to using this resource in the early stages of tissue
repair.

The initial effects of laser interaction with bio-
logical tissue may cause the release of pre-forming
substances such as histamine, serotonin, bradykinin
and modify normal enzymatic reactions, accelerating
or delaying these reactions and promoting an
increase in ATP production. This leads to increased
efficiency of the sodium-potassium pump; conse-
quently, the difference in electric potential between
the inside and outside of the cell is maintained with
better results. ’

The first stage of tissue repair is inflammation,
which is essential to preserve the integrity of the
organism. It involves an interaction between inflam-
matory cells (neutrophils, lymphocytes,
monocytes/macrophages) and vascular cells
(endothelial cells and smooth muscle). Initially, the
inflammatory cells migrate to the target tissue by
chemotaxis, induced by chemical mediators (hista-
mine, prostaglandins - PGE2, leukotrienes - LTD4,
interleukins - IL-1 and IL-6, nitric oxide - NO) that
bind endothelial and cell receptors, stimulating an
inflammatory response. *After that, there is activation
of other mediators of lipid (eicosanoids) and peptide
(cytokines, growth factors and neuropeptides)
nature, externalization of adhesion proteins for
leukocytes in endothelial cells on the surface of the
membrane facing the lumen of the vessels. As a result
of the trauma itself or cellular activation, the microen-
vironment has its physicochemical composition
changed (low O, tension, decreased pH, presence of
reactive nitrogen and oxygen species), which is anoth-
er form of signaling that activates the cells involved in
the process. °

LLLT has shown to be an anti-inflammatory
alternative with effects similar to those observed in
therapy with nonsteroidal anti-inflammatory drugs
(NSAIDs), inhibiting and/or decreasing the concentra-
tion of prostaglandin ES2 (PGEZ)’ cyclooxygenase 2
(COX2) and histamine.

Mizutani et al. suggest that LLLT inhibits the
arachidonic acid cascade in damaged tissue, leading
to decreased production of PGE2. ' Later, this phe-
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nomenon interferes with the production of
bradykinin and many kinds of inflammatory cytokines.
In addition, the increase in local blood flow improves
acidosis and, simultaneously, promotes both the
release and removal of substances related to pain.

Viegas et al. suggest that LLLT promotes early
activation of the inflammatory phase in the tissue
repair process, thus causing exacerbation of its signs.
"' This activation was due to substantial vascular acti-
vation in the first 36 hours of the repair process.

According to Gavish et al, LLLT has shown to
reduce inflammation in a variety of clinical situations.
" Their studies have shown that LLLT modifies some
fundamental aortic aneurysm processes, progressively
increasing matrix protein and smooth muscle cell pro-
liferation, as well as secretion and expression of
matrix metalloproteinase. Inhibition of gene expres-
sion of proinflammatory cytokine interleukin-1f from
these cells was also observed.

Rocha Jr. et al. observed a greater amount of
fibroblasts in irradiated cells, showing a significant
increase in fibroblast proliferation and decreased
inflammatory infiltrate, concluding that LLLT acceler-
ates the process of tissue repair.

Thus, LLLT seems to be able to modulate
inflammation in various tissues. Also, it has advan-
tages, since it is a noninvasive, nonpharmacologic
method with a low rate of side effects. *7* Therefore,
this study aims to review the publications of the last
14 years in order to provide scientific foundation for
the use of low-power laser radiation in processes that
assist tissue healing in the initial phase.

MATERIALS AND METHODS

The material used was obtained by researching
scientific papers in databases such as Medline, Lilacs
and Scielo. We selected publications dating from 1995
to 2009. In order to perform the search, we used a
combination of the following keywords: low-level
laser, inflammation, chemical mediators, growth
factors.

RESULTS

We analyzed 22 articles, according to the data
shown in table 1. We observed that the areas studied
varied a lot, no matter whether the studies were in
vitro or in vivo (animal or human). We found relevant
differences regarding the area of study and irradiation
parameters (wavelength and dose used). The objects
of study varied from cells such as monocytes,
macrophages and fibroblasts to membranes, mucosa,
diabetic and skin wounds, cartilage, tendons, muscles,
fluids such as human blood, organs and arteries.

Graphs 1 and 2 show that in vivo studies corre-
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spond to approximately 74% of the total. Of this per-
centage, 76.5% were conducted in animals (5.9% rab-
bits, 70.6% rats) and only 23.5% were conducted in
humans. As for in vitro studies, they correspond to
26% of the studies surveyed.

Among the studies analyzed, we found that dif-
ferent wavelengths (no. = 12) ranging from 632.8 to
904 nm were used. The most widely used wavelength
was 830 nm, when compared separately. As for spec-
tral range, the most used was that between 632.8 and
685 nm, lasers in the red range of the electromagnet-
ic spectrum.

The effects found were slightly different, vary-
ing according to the area studied, model and wave-
length. The effect was classified as positive (+), nega-
tive (-) or null. Positive effect corresponds to anti-
inflammatory action, negative effect corresponds to
proinflammatory action and null effect corresponds to
no change or significant effect. Among the main posi-
tive (+) effects presented in Table 1 are reduction of
pro-inflammatory cytokines (TNF-a, IL-6, IL-2) and
chemical mediators such as PGE2 and increase in
growth factors (bFGF, IGF-1).

Doses of 2.2, 5.0, 6.32 and 16 J/cm? were used
in in vitro studies, and the dose of 5 J/cm? did not
cause any significant changes. However, when diabet-
ic wounds and wound cells were irradiated with 16
J/cmz?, they suffered an inhibitory effect, presenting
significant decrease in cell proliferation. Studies
involving rats presented a greater variety of doses
(0.04 to 21 J/cm?), with the dose of 7.5 J/cm? being the
most employed. For studies in humans, doses of 1.8,
5.0, 8.7 and 16 J/cm? were used. For doses of 8.7 and
16 J/cm?, the results were null. It was observed that
different doses produced similar physiological results.
The positive effect was evident, i.e., the anti-inflamma-
tory effect of LLLT in the early stages of tissue repair.
However, the wide variety of doses used demonstrates
the lack of standardization of the studies and, conse-
quently, the difficulty in comparing the results
obtained.

DISCUSSION

To investigate the mechanism of action of
laser on experimental edema (carrageenan),
Albertini et al. conducted studies in rats with intact
adrenal glands and in adrenalectomized rats, treat-
ed with diclofenac sodium and LLLT. ** The doses
that produced anti-inflammatory effect were 1 and
2.5 J/cm?, reducing edema by 27% and 45.4%,
respectively. The best result in terms of edema
reduction was that obtained with irradiation 1 hour
after inflammation induction. The energy density of
2.5 J/cm? produced anti-inflammatory effects simi-
lar to those produced by diclofenac sodium at a

dose of 1 mg/kg. In adrenalectomized animals, LLLT
failed to inhibit the edema, suggesting that low-
level laser irradiation possibly exerts its anti-inflam-
matory effects, stimulating the release of adrenal
corticosteroid hormones. In another study,
Albertini et al. demonstrated that the edema was
significantly smaller in the groups treated with
LLLT, compared to the control group. * The percent-
age was 65.3% for the group treated with a wave-
length of 660 nm and 54.5% for the 684-nm group
compared with the control group 4 hours after
induction of inflammation by carrageenan. A signif-
icant reduction of inflammatory cells in the irradiat-
ed groups was also demonstrated.

In their studies, Zhevago and Samoilova con-
cluded that one of the major mechanisms responsible
for the anti-inflammatory effects of LLLT is the
decrease in the plasma level of proinflaimmatory
cytokines (TNF-a, IL-6 and IL-2). °

Studies by Saygun et al. suggest that the bio-
modulation effects of LLLT may be associated with an
increased production of growth factors such as bFGF
and IGF-1. ' These studies confirm the findings
observed in Table 1, according to which the action of
LLLT and its anti-inflammatory effects are directly
related to reduction of pro-inflammatory cytokines,
as well as the amount of chemical mediators. Other
relevant items demonstrated by Albertini et al. were
observed, such as decreased TNFa, IL-18 and IL-6
mRNA expression after laser therapy, both with wave-
lengths of 660 nm and 684 nm. " These results indi-
cate that LLLT induces an inflammatory reaction that
may modulate transcription factors linked to mRNA
expression of proinflammatory cytokines. These data
are corroborated by previous studies conducted by
Nomura, Yamaguchi and Abiko, which suggest that
laser therapy can reduce the production of inflam-
matory mediators and events that contribute to the
inhibition of IL-1f. Studies by Aimbire et al. confirm
these findings as they show that LLLT significantly
reduced the levels of TNFa compared with the con-
trol group. " The authors suggest that the therapeutic
potential of LLLT regarding the suppression of TNFa
is necessary in various inflaimmatory diseases in
internal medicine. They also highlight that it is
important to note that this effect is highly dependent
on the dose used.

Fukuda and Malfatti reported that one of the
most relevant aspects and main divergence is the
dose. ¥ A dose may be defined as the amount of radi-
ation given to the tissue. Also, according to the
authors, the ideal dose to be used should be based on
the literature describing successful laboratory prac-
tices, in which it is estimated in accordance with the
tissue to be irradiated, the energy absorbed for each
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TaBLE 1: Effect of LLLT on growth factors and chemical mediators related to the early stages of tissue repair

Area investigated Growth factor / mediator Model Wavelength (nm) Effect Author(s)
and year
Subplantar muscle | edema, TNFaq, IL-1pB, Rat 660 and 684 + Albertini et al.”
IL-6, Citocine mRNA
Subplantar muscle | Kinin B2 Receptor mRNA Rat 660 and 684 + Bortone et al.”’
Gastrocnemius 1 edema, | number of leukocytes Rat 685 Barbosa et al.**
muscle and polymorphonuclear cells
Monocytes and 1 MCP-1, IL-1a, IL-1f, IL-6, 1L-10; + Gavish et al.”
macrophages T ON; In vitro 780 +
TNFa. Null
Acute pleuritis 1 protein, exudate, leukocytes, Rat 660 + Boschi et al. ”
neutrophils, ON, MCP-1,
IL-6, 1L-10, TNFa.
Gingival fibroblasts T b FGF, IGF-1, IGFBP3, In vitro 685 + Saygun et al. '
fibroblast proliferation
Surgical wounds Pro-inflammatory cytokine mRNA  Rat 685 and 830 Null Viegas et al. "'
IL-1a, IL-1B
Diabetic wounds 1l IL-6 In vivo- 632, 8 + Houreld e
buman Abrahamse *
Cells of diabetic lproliferation and cell migration; In vitro _
wounds TIL-6
Gastrocnemius | inflammatory cells Rat 660 and 684 + Albertini et al.?
muscle
Gums and labial LIL-1f, IFN-y Rat 632,8 +
mucosa TPDGF, TGF-B +
TNF-o,, bFGF Null Safavi et al.”
Peritoneum 1 células inflamatérias Mouse 904 + Correa et al.®
Surgical wounds TFGF Rat 870 + Rocha Jr et al.
Human peripheral | proinflammatory cytokines In vitro 340 and 480 + Zhevago e
blood TNF-a, IL-6, IL-12 e IFN-y; Samoilova "
1t TGF-B
Lung 1 TNFa Rat 650 + Aimbire et al.”
Achilles Tendonitis 1 PGE2 Human 904 + Bjordal et al.”
Gingival crevicular MMP-8, IL-1 and elastase Human 635 and 830 Null Qadri et al.”
fluid
Femoral artery T adenosine, GH and FGF Rabbit 904 Thsan*
Subplantar muscle 1 edema Rat 650 Albertini et al."
Orthopedic and 1 PGE2 Human 830 + Mizutani et al. "
rheumatologic diseases
Gingival fibroblasts IL-13 In vitro 830 - Nomura,
Yamaguchi e
Abiko *
Gingival epithelium 1 PGE2 In vitro 830 + Sakurai et al.”
Ear lhistamines Rat 632,8 - Sakihama’
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tissue, irradiation time and size of the affected area.
This data confirm a study by Qadri et al. in which it
was observed that there were no changes in IL-1 or
elastase, probably because more appropriate parame-
ters were not used, as stated by the authors. * Still,
with regard to dose, Correa et al. demonstrated that
the best results with LLLT were obtained using a dose
of 3J/cm2, 24 hours after induction of inflammation by
lipopolysaccharide (LPS) in the peritoneum of rats,
with a reduction of 77% in neutrophils and 49% in
leukocytes. *°

LLLT also exerts a stimulatory effect on TGF-
and PDGF. It should be noted that stimulation of
these growth factors is directly related to the repair
process. In a study by Numata et al., specific aspects

of wound healing were evaluated, which refer to
macrophage infiltration, keratinocyte migration,
angiogenesis, fibroblast and growth factor (bFGF),
under the effect of histamine. * The authors found
that, clinically, it is important to reduce the area of
the lesion as quickly as possible in order to relieve
stress and reduce the possibility of infection.
Specifically, skin wound healing is a complex
process, involving a series of overlapping events that
include leukocyte recruitment, matrix deposition,
epithelialization and, finally, resolution of the inflam-
mation with formation of a mature scar. Normal
wound repair includes a vigorous angiogenic
response that delivers nutrients to the inflammatory
cells and damaged tissue.

For Houreld and Abrahamse, the use of lasers
to stimulate in vivo and in vitro healing of diabetic
wounds and diabetic wound cells promoted cell
migration and proliferation, stimulation of cytokine
(IL-6) and fibroblasts (WS1). * The aim of the study
was to determine the importance of proteases and
growth factors in the regulation and equilibrium of
the tissue repair process, which, according to the
authors, if interrupted, may delay healing and lead
to degradation, which is a characteristic of chronic
wounds. Also according to the authors, cytokines
are involved in all of the wound phases, from migra-
tion, proliferation, differentiation and cell metabo-
lism to healing. In this study, the authors report that
proper fluence of phototherapy stimulates IL-6
expression, cell proliferation and migration in cells
of diabetic wounds. A fluence of 5 J/cm2 stimulates
the healing of diabetic wounds in vitro, whereas a
fluence of 16 J/cm? is inhibitory. The authors believe
that laser parameters can be optimized and stan-
dardized and the underlying mechanisms better
understood. According to them, phototherapy can
become a safe alternative for the treatment and heal-
ing of wounds of slow evolution, such as those in
patients with diabetes.

In their studies, Bortone et al. used laser on
experimental edema (carrageenan) to promote an
inflammatory process in the subplantar muscle of rats.
After laser therapy, they found that there was a
decrease in B2 kinin receptors mRNA expression
when using both wavelengths of 660 nm and 684 nm.
Their results suggest that the expression of both kinin
receptors is modulated by LLLT, possibly contributing
to its anti-inflammatory effect.”

Barbosa et al. reports the effect of LLLT on the
formation of edema and leukocyte influx caused by
the venom of the jararacussu snake (Bothrops jarara-
cussu) in rats. The site of injury was irradiated with a
wavelength of 685nm and a dose of 4.2J/cm’. A com-
bined therapy including LLLT and serum was also
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studied. The results showed that LLLT significantly
reduced edema formation by 53% and 64% in 3 and
24 hours, respectively, and in reduced accumulation
of neutrophils (P <0.05). The combined therapy was
more effective than the therapy used separately. In
conclusion, LLLT significantly reduced edema and
leukocyte influx in the muscle being studied, suggest-
ing that LLLT should be considered as a potential ther-
apeutic approach for the treatment of local effects of
the Bothrops species. **

Boschi et al. investigated the possible effects of
LLLT in the modulation of pro-inflammatory and anti-
inflammatory mediators in rats with pleurisy.
Inflammation was induced by carrageenan injected
into the pleural cavity. A continuous wave (20 mW) of
laser diode with a wavelength of 660 nm was used in
four groups employing different doses and forms of
treatment 1, 2 and 3 hours after inflammation induc-
tion. A group received a single dose of 2.1 J, and other
three groups received a total energy of 0.9, 2.1 and 4.2
J. Subsequently, the volume of exudate, differential
and total leucocytes, concentration of protein, NO, IL-
6, IL-10, TNF-alpha and MCP-1 were measured from
the aspirated liquid. The results showed that LLLT in a
wavelength of 660 nm significantly reduced the vol-
ume of exudate, inducing an anti-inflammatory effect
characterized by differential or total inhibition of
leukocyte influx, exudation, total proteins, NO, IL-6,
MCP-1, 1IL-10 and TNF-alpha in a dose-dependent
mode. That is, laser treatment with 2.1 J was more
effective than 0.9 and 4.2 ] *

The effect of LLLT on the gene expression of
mediators in the mucosal tissues and gingiva of rats
was investigated by Safavi et al. Of the two groups
studied, one group received irradiation twice with
an interval of 24 hours, while the inflamed tissues
in the other group were irradiated three times with
He-Ne laser with a wavelength of 632.8 nm and
dose of 7,5 J/cm® for 300s. It was noted that the
gene expression of IL-lbeta and IFN-gamma was
significantly inhibited in both groups, while the
gene expression of PDGF and TGF-beta significant-
ly increased. These findings suggest that LLLT
decreases the amount of inflammation and acceler-
ates the wound healing process, altering the
expression of genes responsible for the production
of inflammatory cytokines. *

In another study, Bjordal et al. investigated the
effects of LLLT in a group of seven individuals with
Achilles tendinitis; a total of 14 tendons were studied.
The individuals had their symptoms deliberately
aggravated before starting treatment. The treatment
was performed in two stages. First, they were treated
with LLLT with a wavelength of 904 nm and 5.4 J per
site, with a power density of 20 mW/cm’ and then
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placebo LLLT (0 J) was administered to both Achilles
tendons. After treatment, the authors observed that
the concentrations of prostaglandin E2 were signifi-
cantly reduced 75, 90 and 105 minutes after active
LLLT, compared with the concentrations before treat-
ment (p = 0.026) and after treatment with placebo
LLLT (p = 0.009). According to patients’ reports, pres-
sure pain threshold had increased significantly (p =
0.012) after active LLLT compared to placebo LLLT: the
mean difference in terms of change between the
groups was 0.40 kg/cm® (95% confidence interval,
0.10 to 0.70). The authors suggest that the therapeu-
tic potential of LLLT at a dose of 5.4 J per site can
reduce acute pain and inflammation of Achilles ten-
dinitis. They conclude that LLLT has a great potential
in the treatment of diseases with an inflammatory
component. 7

In order to evaluate the effectiveness of LLLT
in microcirculation and collateral circulation of a
clogged blood vessel, Ihsan treated 34 rabbits with a
wavelength of 904 nm and power of 10 mW and
compared the findings with those of two rabbits in a
control group. An incision was performed on the
medial part of the thigh of each rabbit, and the
femoral artery was exposed and ligated. The blood
samples collected from the femoral artery were
examined to determine the levels of growth hor-
mones, adenosine and fibroblast growth factor.
Tissue samples of the site of operation, i.e., the
artery and its surrounding muscle fibers, were sent
for histopathological examination to determine the
fiber/capillary ratio (F/C) and capillary diameter. The
results indicated that collateral circulation was
accelerated and that microcirculation was enhanced
with the use of LLLT. Moreover, the author conclud-
ed that there was normalization of the functional
characteristics of the injured area. *

For Sakurai et al., the use of LLLT stimulated
the production of prostaglandin E2 and cyclooxyge-
nase-2 in human gingival fibroblasts. The aim of this
study was to determine the effect of laser irradiation
on the production of PGE2, cyclooxygenase (COX) -1
and COX-2, and gene expression from stimulation of
LPS (lipopolysaccharide) in in vitro cells of human
gingival fibroblasts (HGF). HGF cells were prepared
from healthy gingival tissues and stimulated with LPS.
Diode laser (Ga-Al-As) was irradiated at a wavelength
of 830 nm on the HGF cells. Irradiation with LLLT sig-
nificantly inhibited PGE2 production in a dose-
dependent way, which led to a reduction of COX-2
mRNA levels. In conclusion, a low level of laser irra-
diation inhibited PGE2 by LPS on the HGF cells by
reducing COX-2 mRNA level. The findings suggest
that LLLT can be a beneficial therapy against the
aggravation of gingivitis and periodontitis by bacteri-
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al infection. *

In short, LLLT has shown to be able to modu-
late inflammation in various tissues and presents
some advantages such as its noninvasive, non-phar-
macologic nature and low rate of side effects, both in
diabetic and healthy individuals. "**"*

CONCLUSION

After investigating the literature, it is possible
to conclude that LLLT exerts important anti-inflam-
matory effects early in the wound healing process.
For instance, it reduces chemical mediators (PGE2,
histamine), cytokines (IL-1, IL-2, IL-6, IL -10, TNFa),
migration of inflammatory cells (leukocytes, neu-
trophils) and edema and increases the amount of
growth factors (FCF, bFGF, IGF-1, IGFBP3), thus
contributing directly to the process of tissue rehabil-
itation. However, the lack of standardization compli-
cates the choice of parameters to be used in its
application. U
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