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ABSTRACT

Objective: The aim of the present study was to evaluate the effect of low-intensity laser therapy on the wound
healing process treated with steroid. Background Data: Various biological effects have been associated with
low-level laser therapy (LLLT). Materials and Methods: Forty-eight rats were used, and after execution of a
wound on the dorsal region of each animal, they were divided into 4 groups (n = 12), receiving the following
treatments: G1 (control), wounds and animals received no treatment; G2, wounds were treated with LLLT;
G3, animals received an intraperitoneal injection of steroid dosage (2 mg/kg of body weight); G4, animals re-
ceived steroid and wounds were treated with LLLT. The laser emission device used was a GaAIAs (904 nm), in
a contact mode, with 2.75 mW gated with 2.900 Hz during 120 sec (33 J/cm2). After the period of 3, 7, and
14 days, the animals were sacrificed and the parts sent to histological processing and dyed using hematoxylin
and eosin (HE) and Masson trichromium (MT) techniques. Results: The results have shown that the wounds
treated with steroid had a delay in healing, while LLLT accelerated the wound healing process. Also, wounds
treated with laser in the animals treated with steroid presented a differentiated healing process with a larger
collagen deposition and also a decrease in both the inflamatory infiltrated and the delay on the wound healing
process. Conclusion: LLLT accelerated healing, caused by the steroid, acting as a biostimulative coadjutant
agent, balancing the undesirable effects of cortisone on the tissue healing process.
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INTRODUCTION

WITH THE ADVENT OF THE FIRST laser emission device
created by Theodore Maiman1 around 1960, a new era

arose in the prevention area, therapeutic and surgical, not
only for Medicine but also for Dentistry. Low-level laser
therapy (LLLT) in the last years has been the study aim of
many researchers around the world.2–10 Previous studies
have evaluated the LLLT effectiveness in a variety of experi-
mental models, both in animals and humans or in different
pathological conditions. Other studies, however, emphasize
that depending on the applied dose, wavelength, irradiation
time and also the conditions of the treated tissue, different
biological answers can be achieved,11 causing an increase in

cellular metabolism, enhancing the regenerative potential
besides promoting an anti-inflammatory effect with analge-
sia and vasodilatation.11–13 On the other hand, the wound tis-
sue healing process may be slowed under various conditions,
including tobacco, diabetes, bad nutrition, as well as the
daily use of cortisone such as dexametasone, a steroids anti-
inflammatory which inhibits the wound tissue healing pro-
cess on the condroitinsulfate synthesis or directly inhibiting
the collagen formation.14–16

So the purpose of this study is to evaluate from the histolog-
ical point of view, the wound healing process in open wounds
provoked on the back of rats, submitted to the cortisone treat-
ment (sodium phosphate of dexametasone) associated or not
with LLLT.
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MATERIALS AND METHODS

The present study was approved by the Ethics Committee of
the School of Dentistry in Araçatuba, UNESP. Forty-eight
sound rats (Rattus norvegicus, albinus, Wistar) weighing ap-
proximately 220 g, were submitted to the operative procedures
in this study.

After anesthesia with chloral hydrate (400 mg/kg-ip), via
peritonea, the dorsal region of all the animals were trichoto-
myzed following disinfection with alcohol at 70%. On the me-
dial dorsal portion a circular area of skin (approximately 8 mm
of diameter) was removed with a punch and placed on the me-
dial portion of the median sagital plane. The animals were di-
vided into four groups with 12 animals in each and received the
following treatments: Group 1 (G1), the animals had no local
nor systemic treatment and were considered as control
wounds; Group 2 (G2), the wounds were treated immediately
after they were made with a low intensity laser (GaAlAs);
Group 3 (G3), the animals were treated with a daily sodium
phosphate of dexametasone intraperitoneal injection (2 mg/kg
of body weight) during all the experimental period and; Group 4
(G4), the animals received the same treatment as in G3, but the
tissue wounds were treated with the GaAlAs laser at the same
conditions as in G2.

The low-intensity laser used in this study was a gallium–
aluminium–arsenium (GaAlAs; cavity D1; Space Laser Ibérica)
with a wavelength of 904 nm, in a contact mode, with power of
2.75 mW, gated with 2900 Hz during 120 sec per point, totaling
0.33 mJ per point with a spot size of approximately 0.007 cm2,
fluency of 47.14 J/cm2, and 2.97 J of total energy.

The laser irradiation was performed in eight distinct regions
around all the wound margin and in a central point scanning all
over the wound (Fig. 1).

After 3, 7, and 14 days of the surgery act and treatment, four
animals in each group were sacrificed using an overdose of an-
esthetic solution.

The obtained pieces were fixated in a 10% formaldehyde so-
lution for a period of 24 h at a minimum. After this they went
through routine lab procedures until being set in paraffin, ori-
ented in a way to allow transversal sections, semi-serial, of
6 µm thick, and were dyed with hematoxylin and eosin (HE)
and Masson trichromium (MT) for histological analysis.

RESULTS

Qualitative and quantitative conditions of the wound healing
process for the histological description results were considered
both for the superficial and deeper areas of the surgical wound.

3-day follow-up

The results obtained in this present study indicated that the
wounds from the control group (G1) had a crust and an intense
lymphocyte inflammatory infiltrate (Fig. 2). The wounds of the
rats treated with the cortisone (G3) presented a delay in the
healing process characterized by a discrete vasodilatation and
lymphocyte inflammatory infiltrate (Fig. 3). The opposite hap-
pened to the group treated only with laser (G2), where the heal-
ing was more distinguished with less vasodilatation and a
discrete mononuclear inflammatory infiltrate more evident on
the deeper part of the wound (Fig. 4) showing during this pe-
riod a resemblance to the ones treated with cortisone and laser
(G4) (Fig. 5). During this postoperative period the hue by the
Masson trichromium did not reveal the presence of the de-
posited collagen in any of the specimens.

7-day follow-up

During this period the wounds from the control group (G1)
were almost totally filled by a granulation tissue with moderate
lymphocyte inflammatory infiltrate and the epithelial prolifer-
ation on the margins of the wound was still discrete. The
wounds from group 3 (G3), treated with cortisone, revealed a
delay in the healing process with an intense vasodilatation
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FIG. 1. Schematic drawing representing the wound laser ir-
radiation. The irradiation was made in eight sites at the wound
margins and using a scanning method on the central area
(0.33 mJ per site).

FIG. 2. G1 (control). Presence of a crust covering all the
wound and intense lymphocyte inflammatory infiltrate— 
3-day-follow-up (HE; original magnification, �20).
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(Fig. 6), but the ones from the laser group (G2) showed that the
healing granulation tissue filled most of the wound extension
and it was much more differentiated. The wounds treated with
cortisone and laser (G4) revealed a discrete amount of inflam-
matory infiltrate and the granulation tissue was more differen-
tiated (Fig. 7).

14-day follow-up

During this period the wounds from the control group (G1)
presented a granulation tissue filling the wound totally and still
presented a discrete inflammatory infiltrate. The epithelium
covered all the wound and had a few layers of cells without de-
lineating epithelial projections while the ones from the laser
group (G2) showed less amount of blood vessels, a reduction
on the inflammatory cells and the epithelium presented with
more layers delineating epithelial projections (Fig. 8). But the
wounds of the rats treated with cortisone (G3) still presented a
delay on the wound tissue healing process chronology by pre-
senting on the healing granulation tissue a great amount of
blood vessels and also a moderate inflammatory infiltrate
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FIG. 3. G3 (cortisone). The wounds presented a delay on the
healing process, presence of a crust and blood clot, vasodilata-
tion and discrete lymphocyte inflammatory infiltrate—3-day-
follow-up (HE; original magnification, �20).

FIG. 4. G2 (laser). Crust presence on the wounds, blood clot,
less vasodilatation on the connective tissue and discrete mono-
nuclear inflammatory infiltrate more evident at the deeper
portion of the wound—3-day-follow-up (HE; original magnifi-
cation, �20).

FIG. 5. G4 (cortisone + laser). Presence of crust, blood clot,
discrete vasodilatation, and lymphocyte inflammatory infiltrate
on the wounds—3-day-follow-up (HE; original magnification,
�20).

FIG. 6. G3 (cortisone). Presence of crust, blood clot, intense
vasodilatation and moderate lymphocyte inflammatory infil-
trate on the wounds—7-day-follow-up (HE; original magnifi-
cation, �20).

FIG. 7. G4 (cortisone + laser). Evidence of crust presence
covering part of the wound, a more differentiated granulation
tissue with a discrete amount of inflammatory infiltrate on the
wounds—7-day-follow-up (HE; original magnification, �20).
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(Fig. 9). It is important to note that during this period the
wounds treated with cortisone and laser (G4) presented a
granulation tissue in a differentiated advanced stage and the
epithelial tissue had a thick appearance covering the wound ex-
tension (Fig. 10).

Through the Masson trichromium hue it is possible to ob-
serve that the biggest amount of deposited collagen was evi-
denced on the wounds treated with laser (G2) (Fig. 11)
followed by the ones from the group 4 (treated with cortisone
and laser) (Fig. 12). The wounds treated only with cortisone
(G3) the collagen deposition was discrete (Fig. 13).

DISCUSSION

It is possible to verify from the results of the present study
that the newly formed granulation tissue on the wounds treated
with sodium phosphate of dexametasone, when compared to
their correspondent controls, demonstrates a sharp delay on the
development being the fibroblastic proliferation practically in-
hibited during all the analyzed periods, which are in agreement
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FIG. 8. G2 (laser). Epithelial projections, less vasculariza-
tion, and reduction of the inflammatory cells number—14-day-
follow-up (HE; original magnification, �20).

FIG. 9. G3 (cortisone). Presence of crust and blood clot,
granulation tissue with great amount of blood vessels, and
moderate inflammatory infiltrate—14-day-follow-up (HE;
original magnification, �20).

FIG. 10. G4 (cortisone + laser). Wound covered by an ep-
ithelial tissue, remaining crust, granulation tissue with mod-
erate amount of blood vessels and discrete lymphocyte
inflammatory infiltrate—4-day-follow-up (HE; original mag-
nification, �20).

FIG. 11. G2 (laser). Intense collagen deposition on the gran-
ulation tissue—14-day-follow-up (TM; original magnification,
�20).

FIG. 12. G4 (cortisone + laser). Moderate collagen deposi-
tion on the granulation tissue—14-day-follow-up (HE; original
magnification, �20).
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with other studies.15–17 Both the fibroblastic inhibition and the
granulation tissue intercellular substance inhibition from the
glycocorticoids, although not much known, suggest a relation-
ship with the protein metabolism.17 According to Ruch18 the
dexametasone acts directly on the mesenchyme inhibiting
the mitotic activity probably through the partial inhibition of
the DNA synthesis. This author still suggests that when the
glucose concentration is increased the dexametasone inhibition
capacity is quite reduced concluding this way that the glyco-
corticoids interfere on the carbohydrates metabolism.

The delay on the granulation tissue formation on the ani-
mals treated with dexametasone (G3) was evident in our re-
sults. It is suggested then that the sodium phosphate of
dexametasone acts on the granulation tissue producing a delay
on the healing process where the fibrin formation diminishes
with the decrease of the granulocytes and macrophages
phagocytosis, the blood flow on the tissue is also decreased
and as a consequence the granulation tissue formation too. 19

Wali states that all the glycocorticoids inhibit growth, regener-
ation and healing of the cellular and intercellular components
of the dermal connective tissues when they penetrate through
the skin and the resultant atrophy is a logical manifestation of
the action of these components.19

It was also evident in this present study that the low intensity
laser therapy besides having a biostimulation effect on the
open wound healing process without the medicaments effect
also showed its potential as a coadjutant agent based on the re-
sults found on the wounds of the rats treated with cortisone in-
traperitonial injection.

Our results agree with several authors who describe the ben-
eficial effects of low intensity laser use on the wound tissue
healing process.20–24 It is believed that the accelerating wound
healing process laser effect is related to the low intensity laser
radiation showing the capacity to induce the epithelial cells mi-
totic activity,25 modify the capillary density,26 stimulate the
local microcirculation27 and mainly to increase the collagen
synthesis and cell proliferation.28–30

Another factor to consider in this study is that the power in-
tensity used was relatively low and it promoted a beneficial ef-
fect on the normal tissues with delayed healing. Our results are
in agreement with the theories that the LLLT irradiation at cer-

tain wavelengths may stimulate cell proliferation, but only at
certain combinations of exposure parameters of energy fluency
and power density. At higher laser energy doses, decreased
proliferation has been reported at high-energy fluencies and
irradiance.29–33

Loevschall and Arenholt-Bindslev31 suggest that near in-
frared low level laser irradiation of human fibroblast cultures
increases cellular proliferation dependent on the radiant expo-
sure time, and the clinical significance of these findings re-
quire further elucidation before a rational principle of laser
treatment and dosimetry can be established.

Our results demonstrated that the laser promoted a biostimu-
lative effect that surpassed the dexametasone inhibitory ef-
fects, although with the methodology used in the present study
it is not possible for us to clarify the exact mechanism that the
laser compensated this inhibitory effect over the intercellular
matrix and also the fibroblastic proliferation.

It is suggested that the laser biostimulative effect with the
power intensity used in this study on the wounds with the de-
layed or normal healing may be associated with the absorption
of the 904-nm wavelength used (infrared) by the cytochrome
oxidase,34 which is suggested to be one of the primary photore-
ceptors of the respiratory chain31 increasing the ATP produc-
tion, the cellular metabolism and the DNA synthesis generating
thus a fibroblastic proliferation increase which is according
with the Loevschall and Arenholt-Bindslev findings.30

CONCLUSION

The results allowed us to observe that the skin wounds irra-
diated with the laser within the present methodology and the ir-
radiation parameters is capable of promoting a decrease on the
inflammatory infiltrate; a larger epithelial differentiation on
the treated wounds; a more differentiated healing process with
more collagen deposition and decrease of the cicatrisation
delay produced by the dexametasone. From these facts it is
possible to conclude that the low intensity laser can be opti-
mized for the use in wounds in patients who do not use medica-
tions as well as it can also be associated with other therapeutic
ways, enforcing thus its use indication for patients who may
present a delay on the wound tissue healing process as in dia-
betic patients and mainly the ones who require the use of corti-
coids routinely.
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