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1 1. INTRODUCTION

Radiotherapy is one of most useful methods to treat
head and neck cancers, with radioactive sources that
not only kill the tumor cells but also damage healthy
surrounding tissue. Most of the time several side
effects appear including mucositis, pain, xerostomy,
loss of taste, trismus, radiation decay, candidiasis,
HSV infections, gingival bleeding and osteoradione�
crosis, that can appear from the first month until years
later. Diagnosis delays can occur at the level of
patients, primary care, systems and secondary care
[1].

Prevention should be the best way to treat these
patients, with dental care and hygiene education
before the start of treatment and re�evaluation during
and after radiotherapy treatment. The patient needs to
know exactly the problems that can occur, alternatives
and ways to treat them.

After head and neck radiotherapy, exodontias or
others invasive procedures, can be associated with
insufficient blood irrigation and determine the begin�
ning of the infection. Clinicians treat with antibiotics,
debridment procedures but the results, at times, aren’t
good enough and osteoradionecrosis probably can be
initiated; most of times the only treatment is bone
resection, with functional and esthetic problems.

Osteoradionecrosis is a permanent risk in the indi�
vidual undergoing radiotherapy in the jaw and, techni�
cally, is a wound with hypoxia due to sclerosis of the
small vessels. This compromises the ability and defen�
sive properties of irradiated tissue repair, which predis�

1 The article is published in the original.

poses the mandible to infection, bone sequestration,
functional limitation and facial deformity. The inci�
dence varies from 4 to 15% in irradiated cases at differ�
ent treatment centers and is related to the organic con�
dition of the patient, the method of splitting the total
dose, the total dose, the radiotherapy technique used,
anatomical characteristics of the irradiated fields,
trauma and/or infection [2]. In an extensive lesion
located in floor of the mouth and irradiated with doses
above 6500 cGy the occurrence of osteoradionecrosis
may reach 25% [3].

At this time, phototherapy may represent an effec�
tive tool to prevent and alleviate most of the symp�
toms. The biomodulation of low level laser is well
known and should be applied more often in oncologi�
cal patient. The only place that cannot be irradiated
with the laser is the base of the tumor, and researchers
are continuing to look for protocols of light delivery.
Based on studies, the target is to find the best fluence,
output power, spotside and wavelength observing the
responses of the body and using the phototherapy to
give a better quality of life to patients and less cost for
Public Health. The aim of this research is to evaluate
the effect of the GaAlAs photobiomodulation in the
healing of surgical wounds produced in Wistar rat
femurs, a few days before the beginning of the radio�
therapy.

2. METHODS

2.1. Population and Sample

Sixteen male Rattus norvegicus albinus, Rodentia
mammalia, Wistar, young adults, with an average
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weight of three hundred grams, obtained from the
Adventist School of Physiotherapy—Cachoeira–BA.
The animals were housed individually in standard
cages, measuring 22.5 × 15.0 × 14.5 cm3, in a room
with controlled temperature (21 + 1°C) and light (6 to
18 h); fed with Nuvilab CR1®, in the form of pellets,
and hydrated ad libitum in the animal house of
UNIME—Metropolitan Union of Education and
Culture, Lauro de Freitas—BA.

The animals received care in compliance with Eth�
ical Principles of Animal Experimentation formulated
by Brazilian College for Animal Experimentation
according to the guidelines approved by the Council of
the American Psychological Society for the use of ani�
mals in experiments.

2.2. Surgical Procedures

The surgical procedure was performed on day zero.
After weighing, the rats were anesthetized by intraperi�
toneal injection of sodium thiopental at a dose of
0.2 ml/100 g of body weight. Trichotomy was per�
formed in the hip joint of the hind leg; half of the ani�
mals used the left leg and the other half, the right.

With the skin exposed, the disinfection was done
with iodine alcohol 0.5%. The incision was 2 cm above
the knee, using Bard Parker scalpel (no. 15), following
the long axis of the femur. After the incision, a dissec�
tion of the underlying tissues with a hemostatic instru�
ment to the periosteum. Then, the periosteum was
also incised and detached using the small end of a
spatula (no. 7).

The exposure and visualization of the femur was
measured with a ruler the distance of 1 cm from the
knee and at that point a monocortical hole was made
with a drill (no. 1), using a low�speed Dremel Minim�
ite® (10000 rpm) with constant saline solution irriga�
tion. Finally, suturing was performed in layers, using

an absorbable suture internally (no. 3.0) and monony�
lon externally (no. 4.0).

2.3. Laser Photobiomodulation

After surgery the animals were divided into four
groups, namely:

—Group I (BLUE)—Consisting of five rats that
immediately after surgery, underwent seven sessions of
Laser photobiomodulation, λ 780 nm, 40 mW,
∅4 mm, 100 J/cm2 (TWIN LASER®, MMOptics,
São Carlos�SP, Brazil), 100 s, totaling four points
around the surgical area, every 48 h. These animals
were sacrificed after three weeks.

—Group II (RED)—Consisting of five rats that
immediately after surgery, underwent to seven sessions
of Laser photobiomodulation, λ 780 nm, 40 mW,
∅4 mm, 100 J/cm2 (TWIN LASER®, MMOptics,
São Carlos�SP, Brazil), 100 s, totaling four points
around the surgical area, every 48 h. These animals
were sacrificed after five weeks.

—Group III (BLACK)—Consisting of three rats
that were submitted only to surgery and radiotherapy,
and sacrificed after three weeks.

—Group IV (GREEN)—Consisting of three rats
that were submitted only to surgery and radiation ther�
apy, and sacrificed after five weeks.

2.4. Radiotherapy

After surgical wounding of the animals, they were
submitted to radiotherapy 3000 cGy, four days after
surgery. The rats were first anesthetized with sodium
thiopental 0.2 ml/100 g and fixed with tapes in an
acrylic holder, built especially for this procedure
(Fig. 1) and based on another experiment [4]. This
support allowed the irradiation of eight animals at the
same time.

The apparatus used for irradiation was the THER�
ATRON 780® (CO60). The focus�surface distance was
80 cm. The size of the field, measured and estimated
for each rat, was 2 × 2 cm2, obtained by interposing
pieces of lead. There was one session of 3000 cGy, in
the femoral area.

2.5. Samples Sacrificies

To obtain the samples, the animals were sacrificed
at three and five weeks after radiotherapy by adminis�
tering a lethal dose (3–4 ml) of chloral hydrate10%
intraperitoneally.

The femur was disarticulated and removed with a
no. 3 scalpel. After were removed the posterior leg.
The samples were then fixed in 10% formaldehyde
until the time of histological preparation. Each con�
tainer was identified with the number of the animal
and the color of the group to which it belonged.

Fig. 1. Animals prepared to receive radiotherapy.
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2.6. Data Analysis

The normal distribution of data was evaluated by
the Kolmogorov and Smirnov test. The data analysis
applied was the t Student test for paired and unpaired
samples, Analysis of Variance (ANOVA), Mann Whit�
ney and Chi�square for an error probability of 5%.

3. RESULTS AND DISCUSSION

In this study the bone chosen to be studied was the
femur. Despite the fact that the femur does not have
the same vascularization as the jaw or the same type of
ossification (the jaw is formed mostly by intramem�
branous ossification and the femur by endochondral
ossification), the femur bone is easily accessible. This
facilitates the surgical procedure and immobilization
of the animal, both during surgery and postoperatively,
for irradiation with laser. In addition, the femur was
the bone of choice in many previous studies [5–7]. In
the Bastos [8] study, the photobiomodulation was
applied on lesioned Achilles tendon of the rats and
they compared lasers (λ 685 and 830 nm) and LEDs
(light emitting diode) at λ 630 and 880 nm, and con�
cluded that applications of infrared laser at 830 nm
and LED 880 nm were more efficient.

The bone defect was done here to add the inflam�
mation factor to the healing process. Among other
causes, the risk of bone necrosis increases with bone
trauma [9]. It is known that before radiotherapy,
patients have to extract one or more infected teeth
without other therapeutic options, to prevent a possi�
ble osteoradionecrosis after irradiation. However, if
radiotherapy is initiated before the resolution of this
process, the area may not heal.

The radiotherapy dose of 3000 cGy was chosen
because the average doses used in previous research,
which was used in the femur of rats of the same lineage
in a single irradiation [10]. Other research used a dose
of 3000 cGy of X�irradiation in rats in order to induce
osteomyelitis [11]. To examine the effects of fraction�
ated radiotherapy on wound healing, another study
divided the animals into two groups, with doses of
4000 and 4800 cGy [12].

Several studies have developed techniques of laser�
therapy in doses from 1.8 to 5.4 J/cm2 in surgical
wounds [6, 7, 13–15] and discussing how to apply it in
four points around 1 cm injured bone at a dose of
5 J/cm2 [16].

In this study, on day zero, there was no statistical
difference in body mass of the rats in the four groups
(p = 0.5478; Analysis of Variance). In the third week of
the experiment when the animals in the black and blue
groups were sacrificed also no significant difference
between the four groups (p = 0.4474) was found. Com�
paring groups two by two, the weight of the rats
between groups black and blue, no statistical differ�
ence was observed (p = 0.7041; t Student test), also
between red and green groups (p = 0.0578; t Student

test). This might indicate that the application of differ�
ent therapies (radiotherapy and lasertherapy) did not
affect weight gain in rats. Also in the period between
day zero and the third week of the experiment, all rats
gained body mass.

In the fifth week of the experiment there were only
the animals from the green and red groups with no
weight difference between them (p = 0.4354; t Student
test). There was observed a gain in body mass of ani�
mals in the red group, higher than the green group,
after five weeks. In the red group, the rats were submit�
ted to lasertherapy, which may explain the increase in
activity, appetite and body weight in these animals.

These results differ from others found in the litera�
ture, which show a decrease in weight over time in ani�
mals subjected to radiation at two weeks [10]. The
weight gain in this work should be related to the phase
in which the animals were—between fifty to sixty days
of life at the stage of puberty [17]. From the beginning
of the experiment the animals were older than thirty
days, they were in a growth phase to reach 350 g, which
is the average weight for an adult [15].

Prior to sacrifice, the entire sample was analyzed
clinically, in order to determine whether there was a
correct healing of the surgical wound in soft tissue, or
the occurrence of inflammatory reactions with the for�
mation of abscesses and fistulas. It was observed in
black and green groups (controls) that the wounds
healed uneventfully, but those groups of blue and red
(lasertherapy), the majority had abscess formation and
fistulas. The data is shown in Table 1. This suggests
that the laser enhances inflammatory reactions, since
the low�intensity laser is able to increase the produc�
tion of prostaglandins and other chemical mediators
of inflammation [14, 16, 17].

It is proven that low intensity laser, in interaction
with the tissue causes changes in the cell membrane,
alters its permeability, increases ATP synthesis and
other metabolic activities, promoting a series of phys�
iological changes. Different wavelengths appear to be
absorbed by different receptors. Most authors agree
that the improvement in wound healing is due to the
increase in cell proliferation. The changes promoted
by the photochemical action of light, both in the cell
membrane and in the nucleus of the cell, are increas�

Table 1.  Number of rats that had clinically inflammatory
reaction in the wound, the day of sacrifice, depending on
the group evaluated

Groups Normal
healing

Inflamatory 
reaction Total

Black 3(100%) 0 3

Green 3(100%) 0 3

Blue 3(60%) 2(40%) 5

Red 4(80%) 1(20%) 5

Total 13 3 16
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ing local vasodilatation, angiogenesis, production of
fibroblasts, collagen synthesis, production of T and B
lymphocytes, release of endorphins and local changes
in local prostaglandins (physiological changes as a
result of laser light in the soft tissues). This type of
therapy is used in the stimulation of healing of soft tis�
sues such as inflammation, pain relief and to stimulate
the immune system to mitigate the effects of infection
[16–20]. In this study the laser photobiomodulation
appears to have increased inflammatory reaction in
soft tissues, especially after three weeks of the experi�
mental procedures in the green group. In the red
group, also submitted to lasertherapy, there was an
inflammatory reaction in soft tissues but in smaller
intensity, which suggests the reverse of the state, during
the time.

3.1. Count of Osteocytes

In histological analysis, after the femur treated with
radiotherapy and lasertherapy or not, being dissected,
they were demineralized, sectioned and stained by the
methods of HE and Picrosirius; the slides originally
were analyzed using light microscopy, with increases
of twenty, forty and a hundred times. In addition to the

subjective description of the cuts, some parameters
were quantified. The results of the count of osteocytes,
osteoblasts and Harversian systems in ten fields of
each rat in different groups are presented below.

Comparing the rats in the black and blue groups
that were sacrificed after three weeks, it was observed
that there was a statistical difference (p < 0.0001; t Stu�
dent test), at the average number of osteocytes, higher
in the blue sample irradiated by laser photobiomodu�
lation (Fig. 2). This seems to indicate that the cellular
activity was more intense after the technique, in agree�
ment with clinical findings, which showed an inflam�
matory reaction in this group (Figs. 3 and 4).

Also in green and red groups, with sacrifice after
five weeks of the experiment, there was a statistical dif�
ference (p < 0.0001; t Student test), at the average
number of osteocytes in the fields assessed. It was
observed that the group that underwent photobiomod�
ulation (red) there was a higher number of osteocytes
(Fig. 5), demonstrating a more intense cellular
activity.

The comparision of the black and green groups to
each other, neither subjected to photobiomodulation,
there was no statistical difference in the average num�
ber of osteocytes in the fields evaluated (p = 0.4139;
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Fig. 2. Average number of osteocytes (ten fields) in rats in
the black and blue groups.

Fig. 3. Histological findings at group I (blue) showing the
large quantity of osteocytes (HE, 40X).

Fig. 4. Histological findings at group III (black) showing
the small quantity of osteocytes (HE, 40X).
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Fig. 5. Average number of osteocytes (ten fields) in rats in
green and red groups.
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t Student test). Similarly, between the blue and red
groups, both submitted to lasertherapy after radiother�
apy, no statistical difference between the average num�
ber of osteocytes was observed (p = 0.8304; t Student
test), although in both cases the number of osteocytes
decreased with time.

This shows that the lasertherapy was responsible for
the increased number of osteocytes in blue and red
groups and radiotherapy determined a decrease in the
number of osteocytes, which has been confirmed in
another study [10]. In conclusion it is observed that
the number of cells of both cortical bone and marrow
decreases over time and the activity of bone reabsorp�
tion increases with time, according to another study
[15].

The results also showed that the number of osteo�
cytes per field is higher in the laser irradiated groups,
confirming the results of research where the laserther�
apy was applied in bone tissue, although different in
the wavelengths in 830 [5–7] and 660 nm [16–18] but
in all of them the laser photobiomodulation increased
the number of bone cells by promoting new bone tis�
sue, and as found in this study, with a wavelength of
780 nm.

3.2. Presence of Osteoblasts in the Periphery
of Cortical Bone

Some works [14, 15, 20–23] analyzed the effects of
laser radiation in the rate of cell proliferation of osteo�
blasts, fibroblasts and odontoblasts. The results
observed in these studies show that lasertherapy
increased the number of these cells both in vitro and in
vivo. When were compared two different wavelengths,
Pretel’s research [21] found a better response to accel�
erate dentin barrier formation in 785 nm. Another
study [24] evaluated in vitro the effects of LLLT (low�
level lasertherapy on cell metabolism (MTT assay),
alkaline phosphatase (ALP) expression and total pro�
tein synthesis; they concluded under the tested condi�
tions and the LLLT parameters used, that it did not

influence cell metabolism, but reduced slightly the
expression of some specific proteins.

In this analysis there was observed an association
(p < 0.05; chi�square test) between the presence or
absence of osteoblasts at the cortical bone periphery
and study groups (Figs. 6 and 7). In the groups irradi�
ated with laser, the presence of these cells occurred
more frequently than in the groups that received no
treatment (Table 2).

3.3. Count Harvers Channels

Based on the results of descriptive histological
analysis of the groups, it can be noted significant dif�
ference only between the animals that were irradiated
with laser and the presence of some Harversian forma�
tions. Counting the average number of Harvers chan�
nels in ten fields of each histological section obtained
from the studied groups, it was observed that there was
a significant difference (p < 0.0001; Mann–Whitney
test), in the amount of Harvers channels between the
black and blue groups and between the green and red
groups, being higher in the groups submitted to laser�
therapy (blue and red groups). This means that the
laser light increased the amount of Harvers channels,
due to the intensification of the inflammatory process
that occurred in these rats. The data can be viewed in
Table 3.

Comparing the black and green groups, it was
noted that there was statistical difference (p < 0.02;
Mann–Whitney test), being the average number of
Harvers channels slightly higher in the green group

Table 2.  Association between the presence of osteoblasts in
the periphery of cortical bone and the group evaluated

Groups p (Chi�square test)

Black × blue  = 14.86 (p < 0.05)

Green × red  = 18.76 (p < 0.05)

Xc
2

Xc
2

Fig. 6. Histological findings at group I (blue) showing the
presence of osteoblasts at the bone cortical periphery (HE,
40X).

Fig. 7. Histological findings at group III (black) showing
the small quantity of osteoblasts at the bone cortical
periphery (HE, 40X).
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(sacrificed at five weeks). This indicates that over time
there is a tendency to form a greater number of Harv�
ers channels, which probably has been diminished
under the effect of radiotherapy. Between the blue and
red groups, it was observed that there was no statistical
difference (p = 0.95; t Student test) in the amount of
Harvers channels, although in the red group (sacri�
ficed at five weeks) the average was higher than in rats
of the blue (sacrificed three weeks). This data can be
viewed in Table 4.

The presence of Harversian formations and bone
cells increased in irradiated groups with lasertherapy is
very important since bone tissue submitted to radio�
therapy suffered loss of bone cells, vasoconstriction
and decrease the ability of bone to regenerate [25, 26],
which are some of the reasons that facilitate the initia�
tion of osteoradionecrosis after a bone infection.

From the foregoing, it can be concluded that the
use of laser photobiomodulation stimulates the pro�
cess of repair of surgical wounds before the radiother�
apy started in rats under the protocols studied here;
but it also triggered inflammatory skin reactions of
considerable magnitude. With the presence of infected
areas, methods such as PDT (Photodynamic Therapy)
can also be applied as a healing procedure, and the
combined techniques are tested recently and success�
fully, in an investigation with photoditazin as the pho�
tosensitizer [27]. Pain is another complaint of the
patient undergoing cancer treatment, where the laser
photobiomodulation is also indicated, as used at
Clavijo’s clinical study [28]. This determines a high
expectation of the use of lasertherapy in humans who
undergo radiation treatment and have teeth extracted
or indication of needing surgery before the start of
radiotherapy sessions.

4. FUTURE DIRECTIONS

Admittedly, however, that further investigations
must be carried out to assess the safety of the method.
If the laser photobiomodulation was indicated in such
situations, it could stimulate tissue repair and thus

prevent the initiation of an infection and osteoradion�
ecrosis after radiotherapy. Proteomics and biomarkers
should be the next stage to solve this side effect.
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