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Abstract
Purpose This paper aims to evaluate the effects of laser
(660 nm) and light-emitting diode (LED) (670 nm) irradiation
in the cheek pouch mucosa of hamsters with oral mucositis
(OM) induced by chemotherapy (Che) with 5-fluorouracil (5-
FU).
Materials and methods In the preventive groups, the
photobiomodulation was started 1 day before the drug admin-
istration and was performed every 48 h (Ia, IIa, Ib, and IIb). In
the therapeutic groups (IIIa, IIIb, IVa, and IVb), the irradia-
tions were started on the third day after the Che d(0) and was
performed every 48 h. In both groups, animals were sacrificed
7 or 14 days after Che. In the positive control groups, the
hamsters were subjected to Che but did not receive irradiation,
and they were sacrificed in 7 days (Va) or 14 days (Vb). In the
negative control groups, no procedures were done and the
animals were sacrificed 7 days (Vc) or 14 days (Vd) after
the experiment started.
Results The results indicated loss of body mass, xerostomia,
and alopecia in the animals subjected to Che and the healing
of OM to different degrees after the photobiomodulation
treatment. Histologically, the positive control and experimen-
tal groups showed inflammation, predominately with lympho-
cytes and plasma cells, which tended to diminish with time.
Epithelial atrophy, hyperemia, fibroblast proliferation, and
vascular congestion were also observed at those intervals.

Conclusions The best results were obtained from the preven-
tive laser and LED photobiomodulation groups; both treat-
ments were effective in diminishing the OM lesions.
Clinical relevance A noninvasive and effective method with
sparse side effects of OM would be desirable for use in cancer
centers around the world.

Keywords Animal model . Chemotherapy . Laser and LED
photobiomodulaion . Oncology and oral mucositis

Introduction

The increasing number of new cases of cancer around the
world has motivated the development of new therapies, equip-
ment, and anticancer drugs. It has been observed that the
protocols of radiotherapy, chemotherapy (Che), surgical ap-
proaches, and the integration of these concomitant therapies
are still determining several adverse effects (AE) such as
nausea, vomiting, diarrhea, alopecia, myelosuppression, im-
munosuppression, and mucositis. The latter, which is charac-
terized by the appearance of erythema to painful ulcers in
bucal and gastrointestinal membranes, is very common in
the oral tissues and sometimes could represent interruption
of the treatments [1, 2].

Radio- or chemo-induced mucositis is quite common and
has been studied for a long time, due to its morbidity. Age, oral
conditions, location, type of cancer treatment, and the patient's
general condition are variables that modulate the onset of
mucositis. This lesion may reach different degrees of severity,
not necessarily evolving to all grades [3], but representing
death risk, in some circumstances and high costs for the health
care system.

Early sequential histological data obtained frommice treat-
ed with bleomycin or 5-fluorouracil (5-FU) demonstrated
more cellularity of the subepithelial tissue, vascular dilatation,

M. d. R. S. Freire (*) : R. Freitas : F. Colombo :A. Valença :
A. M. C. Marques :V. A. Sarmento
Federal University of Bahia, Rua Araújo Pinho, 62 Canela, Salvador,
Bahia 40110-150, Brazil
e-mail: rosariofreire@ufba.br

V. A. Sarmento
State University of Feira de Santana, Avenida Transnordestina, s/n
Novo Horizonte, Feira de Santana, Bahia 44036-900, Brazil

Clin Oral Invest (2014) 18:1005–1013
DOI 10.1007/s00784-013-1058-4



and leukocyte margination only 24 h after drug administration
[4].

Several studies have been conducted to test therapies to
inhibit oral mucositis (OM). The most recent and daring,
which include the use of new technologies, point to treatments
based on photobiomodulation such as lasers and light-emitting
diodes (LEDs) because, besides not being invasive and lack-
ing AE, they inhibit pain, provide comfort, and continuity of
chemotherapy, allowing repair of mucositis injuries [5–7].
Thus, such therapies would provide a better quality of life
during anticancer treatment [8].

Despite the fact that light–matter interaction has been
studied for more than a century, it cannot yet be considered
completely understood since the cellular, genetic, and protein-
related mechanisms must be very clear. Researchers are cer-
tain that low-power lasers have biomodulator effective action
in accelerating the healing process and in reducing pain and
edema; in addition, they have confirmed anti-inflammatory
effects when administered in appropriate doses, power, and
frequencies [8–11]. LEDs have shown satisfactory responses
similar to those of lasers and are situationally more advanta-
geous due to lower cost of equipment and energy consump-
tion [5–7, 12]. This study aims to evaluate the action of red
lasers and LEDs in the prevention and treatment of oral
mucositis secondary to chemotherapy in hamsters' cheek
pouch mucosa.

Materials and methods

Population and sample

Eighty-eight healthy male and female Golden Syrian ham-
sters, young adults, with a mean of 150 g of body mass and
about 8 weeks of age, were chosen randomly from the Ani-
mals Criatore Center (CCA) of the Veterinarian Medicine
School of the Federal University of Bahia (UFBA). During
the experimental period, the animals were fed with Labina®
and water ad libitum; they were housed in standard cages,
with controlled temperature (21+1 °C), day light and accli-
mated to the laboratory conditions for 7 days before the
experimental procedures. They all had controlled weight and
clinical evaluation, receiving care in compliance with Ethical
Principles of Animal Experimentation, formulated by the
Brazilian College for Animal Experimentation, according to
the guidelines approved by the Council of the American
Psychological Society for the use of animals in experiments.
This research was evaluated and received permission to be
conducted for the Ethical Committee for Animal Experiments
of UFBA.

Sixty animals composed the experimental and control
groups (sample), while twenty-eight hamsters participated in
the pilot step for this study.

Data collection

Preventive groups (Ia, Ib, IIa, and IIb): I and II representing 7
or 14 days, respectively, to animals sacrifice, counting from
the first day of the Che d(0); “a” and “b” or laser and LED
photobiomodulation groups that started 1 day before the ini-
tiation of chemotherapy d(−1). Therapeutic groups (IIIa, IIIb,
IVa, and IVb): for these groups, light irradiation started on the
third day d(+3) after initiation of the Che d(0), with III and IV
representing 7 or 14 days to sacrifice, respectively, with laser
(a) or LED (b) irradiations. Control positive Che (+) groups
(Va and Vb) with mucositis induction procedures and no light
photobiomodulation treatments and control negative Che (−)
groups (Vc and Vd) without procedures, also with 7 and
14 days to sacrifice, were divided as shown in Table 1.

Procedures of anesthesia and sacrifice of the animals

During the procedures, the hamsters were properly sedated
with ketamine (Ketamina® 10 ml, Virbac of Brazil Ind. e
Com. Ltda., Roseira, SP, Brazil) with a dose of 0.08 ml/
100 g associated with xylazine hydrochloride (Virbaxyl®,
Virbac of Brazil Ind. e Com. Ltda., Roseira, SP, Brazil) with
a dose of 0.04 ml/100 g. For the sacrifice of the animals, a

Table 1 Experimental groups of the study: I and II represent 7 and
14 days, respectively, to the hamsters' sacrifice, the preventive groups
d(−1) for the light photobiomodulation; III and IVare therapeutic groups,
with the light photobiomodulation being started on the third day d(+3)
after the initiation of Che d(0) and with 7 and 14 days to the animals'
sacrifice, respectively

Experimental groups Total animal
number (n)

Laser 660 nm
group a (n)

LED 670 nm
group b (n)

Group I
Che d(−1) 7 days

10 5 5

Group II
Che d(−1) 14 days

10 5 5

Group III
Che d(+3) 7 days

10 5 5

Group IV
Che d(+3) 14 days

10 5 5

Group Va control
Che d(+) 7 days

5

Group Vb control
Che d(+) 14 days

5

Group Vc control
Che d(−) 7 days

4

Group Vd control
Che d(−) 14 days

6

Total 60 20 20

Laser and LED photobiomodulation are represented by “a” and “b”
subgroups, respectively. The control groups Che (+) Va andVb,mucositis
induction with sacrifice at 7 and 14 days, respectively, and with the
chemotherapy protocol; the control groups Che (−) Vc and Vd, without
procedures and with 7 and 14 days, respectively, to sacrifice
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lethal dose of anesthetic of approximately 3 ml per animal was
applied.

Induction of oral mucositis

To guarantee the appearance of oral mucositis, artifact slots
with acrylic and orthodontic wire number 0.8 mm, to serve as
a small brush, was made for this purpose and the oral right
everted cheek pouch mucosa of the experimental animals was
brushed on the third and fourth days of the research (Fig. 1).
This procedure yielded a mechanical wound and induced
mucositis, breaking the mucosal continuity without ruptures,
as recommended by Sonis et al.'s model [4].

Procedures of chemotherapy

The animals received intraperitoneal injection of 5-FU at a
dosage of 90mg/kg, on day 0 d(0) and 60mg/kg on day 2 d(2)
of the experiment, based on the Sonis et al. [4] model and with
an interval similar to that used by França et al.[13] to induce
mucositis.

Laser and LED equipment

The beginning of the laser and LED irradiations occurred
1 day before 5-FU (preventive groups I and II) or on the fourth
day (therapeutic groups III and IV) and every 48 h during the
research.

In the Ia, IIa, IIIa, and IVa groups, after anesthesia, as
described above, the hamster's right cheek pouches were
everted and irradiated with a laser (Laser Twin Flex ®,
MMOptics, São Carlos, Brazil), observing the following pro-
tocol: 660 nm (±10 nm), active medium GaInPAl, power (P)
of 40 mW, continuous wave (CW), spot size (Ф) of 4 mm2;
and total energy of 16 J or 4.8 J/cm2 divided among four
points in the mucosa for 30 s (Fig. 1).

In the Ib, IIb, IIIb, and IVb groups, LED light (Fisioled ®,
MMOptics, São Carlos, Brazil) was applied, observing the
following protocol: 670 nm (±10 nm), p=150 mW, 0.5 cm2,

CW, total energy of 4.8 J, 4 J/cm2, and t=16 s, distributed in
the central area of the mucosa (Fig. 1).

For these procedures, the operator and assistant used pro-
tective goggles with the specific wavelength for the laser or
LED source. An appropriate disposable film roll was placed
on the light pen during the experiments.

Clinical and histological analysis

The weight of each animal was assessed on every trial day,
from the beginning of the study and every 48 h afterwards for
the light photobiomodulation. This information could deter-
mine the dose of Che and anesthesia and to accomplish animal
development. Skin and mucosa changes (alopecia, ulcers, and
xerostomia) were also identified during the study and
cataloged. The animal activity, quantity of pellets eaten, and
state of the mucosa were observed by the same researcher.

The clinical analysis of the mucositis was made by a
blinded and calibrated examiner (1) according to Sonis
et al.'s [14, 25] classification:

– Grade 0 (healthy mucosa);
– Grade I (mild erythema);
– Grade II (severe erythema, vasodilation, and superficial

erosion);
– Grade III (ulceration in 25 % of the total surface);
– Grade IV (ulceration in 50 % of the check pouch) and
– Grade V (total ulceration with complete loss of elasticity

and mobility).

After the sacrifice of the animals, with the absence of vital
signs, the region of oral mucosa, from the outer surface to the
innermost, was dissected and stored in plastic containers
containing 10 % formaldehyde. These parts were sent to the
Laboratory of Pathology, at the School of Dentistry of UFBA,
for histological processing at four levels for each check pouch
mucosa, which produced eight histological plates for each
animal, with a total of 20 plates for each group. The slides
obtained were stained by hematoxylin–eosin (HE) and
picrosirius for evaluation by another calibrated and blinded

Fig. 1 Superficial scratching in
the right cheek pouch (a), red
LED irradiation (b), red laser
irradiation (c), LED equipment
(d), and laser equipment (e)

Clin Oral Invest (2014) 18:1005–1013 1007



examiner (2), using light microscopy (Eclipse® E200, Nikon,
Japan). A semiquantitative analysis of cell types present was
performed, and the presence, quantity and intensity of the
inflammatory infiltrate, local vascularization, integrity of the
mucosal epithelial layer, and presence and quantity of fibrosis
was recorded

The graduation of the histological findings was obtained
using the protocol from the Department of Pathology of UFBA
by a calibrated and blinded examiner (2), where: (0) = no sign
of change, (+) = discrete alteration, (++) = mild alteration,
(+++) = severe alteration of the total number of cells per
area.

Statistical analysis

A descriptive analysis of the histological findings was
conducted. Moreover, the body mass was compared between
the beginning and final periods of each group by Student's t
test. The presence and intensity of cell types or histological
criteria evaluated were compared by nonparametric chi-square
test. An error probability of 5 % was adopted.

Results

During the pilot experiment, 28 animals were treated to estab-
lish the Che doses and interval of all the steps of this study and
it was decided to give a different dose of Che than described
by Sonis et al. [4], similar to that of the França et al. [13]
model, to mimic the human development of mucositis in a
shorter time frame and to obtain results at 7 and 14 days after
the beginning of the experiments.

From the standpoint of a clinical evaluation of this re-
search, there was a noticeable loss of body mass, alopecia,
loss of appetite, xerostomia, cachexia, and decreased activity
of the animals treated with Che. All the animals were weighed
at the beginning of every trial day until sacrifice. In the animals
of the positive control groups Che (+) (Va and Vb), which
received Che but were not subjected to photobiomodulation,
the lost body mass was statistically significant (Student's t test
for paired samples, p<0.05) only in animals killed after 14 days
(Vb). In the negative control groups Che (−) (Vc and Vd),
which did not receive 5-FU or treatment with light, body
weight increased, although this difference was not significant
(p>0.05) (Table 2).

When considering the groups treated with the laser, it was
observed that, although there was loss of body mass in all
groups, there was a significant decrease (p<0.05) when they
were sacrificed after 7 days in—Ia (red laser preventive group)
and IIIa (therapeutic group). The loss of body mass was lower
in animals sacrificed after 14 days of Che. In animals that were
treated with LED light, it was observed that, in all cases, there
was weight loss. This was significant (p<0.05) for those T
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treated with the red LED in a preventive model and sacrificed
after 7 days—the Ib group—and to those treated with red LED
in a therapeutic way—the IVb group (Table 2).

There was no difference between the experimental groups
that underwent preventive or therapeutic treatment with laser or
LED radiation when analyzing the degree of OM. In the pre-
ventive groups after 7 days (Ia and Ib), the OM degree did not
exceed to 2; however, after 14 days, only one animal showed
grade 3, irradiated with laser (IIa) and the same occurred in the
LED group (IIb). In the laser therapy group after 7 days (IIIa),
two animals showed grade 3, while only one showed the same
degree after being treatedwith LED (IIIb). However, on the 14th
day of the experiment, the red laser group (IVa) showed no
grade 3 of OM and only one animal in the LED group (IVb) had
grade 3. The OM was not observed in the negative control
groups (Vc and Vd), but in positive control groups Che (+) at
7 days (Va), one animal showed grade 4 (20 %), one showed
grade 3 (20 %), and three showed grade 2 (60 %); there were
clinically bad conditions around day 10 when one animal died,
and on day 14 (Vb group), two animals showed grade 3 (50 %)
and another two showed animals grade 2 (50 %) (Table 3).

When the animals underwent red laser photobiomodulation
in a preventive protocol, no inflammation was seen (n=20/
100 %) at 7 days (Ia group), but at 14 days (IIa), mild
inflammation was detected in four specimens (25 %). With
the same laser therapeutic protocol starting on day 3, mild
inflammation was observed in half of the specimens (n=10/
50 %) at 7 days (IIIa) and in two specimens (10 %) at 14 days
(IVa). Regarding the performance of red LED (670 nm) in a
preventive protocol, it was observed that after 7 days (Ib
group), there was no inflammation (n=20/100 %), and at
14 days (IIb), one specimen (5 %) showedmild inflammation.
The LED under the therapeutic protocol determined a mild
degree of inflammation in six cases (37.5 %) and a moderate
degree in two others (12.5 %) after 7 days (IIIb group). At
14 days (IVb), there were 13 cases (65 %) of mild inflamma-
tion and one (5 %) moderate case (Figs. 2, 3, 4, and 5).

Histological analysis of the negative control specimens, as
might be expected, showed no tissue inflammation at 7 days

(Vb; n=4/100 %) or at 14 days (Vd; n=6/100 %). Some of the
specimens in the positive control group Che (+) that received 5-
FU but were not subjected to photobiomodulation showed mild
inflammation (n=2/40 %) 7 days after (Va) (Figs. 4 and 5), and
at 14 days after (Vb), the inflammation was no longer observed
(n=5/100 %).

No vascular congestion was observed in the control groups
(V). In the group treated with red laser under the preventive
protocol over 7 days (Ia), vascular congestion was mild in 11
cases (55%) andmoderate in one case (5%). In the same group
after 14 days (IIa), vascular congestion was mild in seven cases
(35 %). Under the therapeutic protocol, vascular congestion
was mild in 16 cases (84%) and moderate in two (10.5 %) after
7 days (IIIa). Among the animals sacrificed after 14 days (IVa),
there was mild vascular congestion in two (10 %). When the
red LED was applied preventively, after 7 days (Ib), vascular
congestion was mild in three cases (15 %) and no vascular
congestion after 14 days (IIb). The same light applied thera-
peutically determined mild vascular congestion in seven cases
(43.8 %) after 7 days (IIIb) and in 18 cases (90 %) in the IVb
group after 14 days.

Also, the presence and degree of fibrosis in the specimens
were evaluated. In the positive control groups, there was one
case (20 %) of mild fibrosis and one case (20 %) of moderate
fibrosis; the same results were found in animals sacrificed
after 7 days (Va) and after 14 days (Vb). In the negative
control group, fibrosis was not observed in animals sacrificed
after 7 days (Vc) and fibrosis was mild in two cases (33.3 %)
and moderate in two others (33.3 %) with the animals
sacrificed 14 days (Vd) after the Che was started.

When the red laser light applied under the preventive proto-
col with five irradiations over 7 days (Ia group), mild fibrosis
was observed in 17 plates (85 %); among those sacrificed after
14 days (IIa), fibrosis wasmild in 16 plates (80%) and severe in
four plates (20 %). During the treatment protocol with the same
red laser, nine plates (45 %) of mild fibrosis and eight (40 %)
moderate fibrosis after 7 days (IIIa) were noted, while after
14 days (IVa), there were seven plates (35 %) with mild fibrosis
and 12 (60 %) with moderate fibrosis. With preventative use of

Table 3 OM degrees in the experimental and control groups of the study

Laser (660 nm) LED (670 nm) With chemotherapy Without chemotherapy

Preventive Therapeutic Preventive Therapeutic

Sacrifice day 7 days 14 days 7 days 14 days 7 days 14 days 7 days 14 days 7 days 14 days 7 days 14 days

Grade 0 – – – – – – – – – – – –

Grade 1 2 2 1 2 2 2 2 1 – – – –

Grade 2 3 2 2 3 3 2 2 3 3 2 – –

Grade 3 – 1 2 – – 1 1 1 1 2 – –

Grade 4 – – – – – – – – 1 – – –

Grade 5 – – – – – – – – – 1 – –
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the red LED photobiomodulation, five cases (25 %) of mild
fibrosis and eight (40 %) of moderate fibrosis were observed at
7 days (Ib group). After 14 days (IIb), only one case (5 %) of
mild fibrosis and eight (40 %) of moderate fibrosis were de-
tected. When this light was used therapeutically, four cases
(25 %) of mild fibrosis and eight (50 %) moderate fibrosis were
verified after 7 days (IIIb) and there were six (30 %) and 14
cases (70 %), respectively, after 14 days (IVb).

Discussion

Researchers have proven that OM is a complex biological
process that occurs in five phases: initiation, signaling, ampli-
fication, ulceration, and healing. It has been recognized that
each phase is independent and is the consequence of a series
of actions mediated by cytokines, the direct effect of the
chemotherapy drug, including the intensity and frequency of

Fig. 2 a–d Photomicrographs of the specimens treated with red laser
(660 nm) in a preventive protocol and sacrificed after 7 days (a) and
14 days (b), and therapeutically sacrificed after 7 days (c) and 14 days (d).
a Integrity of the epithelial surface, mild fibrosis, and few congestive
blood vessels (narrow arrow), and absence of inflammation are observed.
HE 200×. b Integrity of the epithelial surface, moderate fibrosis, mild

vascularity, and discrete foci of lymphocytes and plasma cells are ob-
served (wide arrow). HE 200×. c Integrity of the epithelial surface,
moderate fibrosis, and congested blood vessels are observed (narrow
arrow). HE 200×. d Integrity of the epithelium and severe infiltrate of
lymphocytes and plasma cells are observed (wide arrow). HE 100×

Fig. 3 a–d Photomicrographs of
the specimens treated with red
LED (670 nm) in a preventive
protocol and sacrificed after
7 days (a) and 14 days (b) and
therapeutically sacrificed after
7 days (c) and 14 days (d). a
There is partial loss of integrity of
the epithelial surface (narrow
arrow). HE 200×. b, c Integrity of
the epithelial surface and mild
fibrosis is observed. bHE 100×. c
HE 200×. d There is a moderate
degree of fibrosis. HE 200×

1010 Clin Oral Invest (2014) 18:1005–1013



the administration, and the general condition of the patient
[11, 14, 15]. Also, chemotherapy is well-known to affect the
release of interleukin-1 (IL-1) and tumor necrosis factor-alpha
from the epithelium [15, 16].

Most oral complications arising from chemotherapy are a
result of myelosuppression, immunosuppression, and direct
cytotoxic effect on oral tissues. The clinical problems associ-
ated with the Che and the oral cavity are mucositis, local/
general infection, and bleeding [17]. The first is focus of this
study. Clinical observation was made regarding alopecia, loss
of appetite, and activities of the animals; any measurement to
analyze the amount of saliva is only subjective of the typical
xerostomia that comes from the chemotherapy consumption,
when the mucosa loses its bright and becomes friable as well
described in the literature.

Epstein and Schubert [18] concluded that ulcerative OM is a
painful and debilitating condition that can significantly interfere
with cancer chemotherapy and radiation therapy. As the poten-
tial sequelae include severe pain, increased risk of local and

systemic infection, compromised oral and pharyngeal function,
and bleeding, which affect the quality of life and may prolong
the duration in hospital stay, there is an increase in the cost of
treatment. The authors added that, in patients with immunosup-
pression and myelosuppression, infection represents a signifi-
cant risk that causes morbidity and even mortality.

The cytotoxic effect of chemotherapy in the cells replica-
tion of the oral mucosa can result in severe OM. A burning
sensation is felt in the mucosa within a week of drug admin-
istration; the mucosa may appear erythematous to a subse-
quent ulcer lesion, which remains focal or spreads throughout
the body. Then, the drug-induced mucositis represents an
entrance portal for systemic infections. Histological changes
associated with these clinical findings, in most cases include
degeneration of collagen, degeneration of the minor salivary
glands, epithelial atrophy, and dysplasia [8, 11, 14, 15]. In
animal models, there is no feedback regarding pain and care
must be strict to avoid excessive losses during the experiment.
This study had losses of 15 %, counting the pilot and

Fig. 4 a–d Photomicrographs of
the specimens in the positive
control group, sacrificed at 7 days
(a) and 14 days (b), and the
negative group, sacrificed after
7 days (c) and 14 days (d). a
Integrity of the epithelial surface,
moderate fibrosis, and mild
inflammatory infiltrate
(lymphocytes and plasma cell) are
observed (narrow arrow). HE
200×. b–d Surface epithelial
integrity and the absence of
inflammation are observed. b HE
200×. c HE 200×. d HE 100×

Fig. 5 a, b Grades of the
inflammation (histological
samples) after laser (a) and LED
(b) photobiomodulation in
preventive (five or eight
irradiations) or therapeutic (three
or six irradiations) groups
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experiment groups because sometimes, advanced infections
required isolation of an animal from the group and the proto-
col had to be repeated.

The effects of the energy of photons absorbed by cells in
tissue irradiated by low intensity laser therapy, include photo-
chemical, photophysical, and/or photobiological effects, but
not thermal effects, as this therapy does not promote warming.
These effects result in the activation of local microcirculation,
promote increased fibroblastic activity, reduce or eliminate
edema, stimulate lymphocytes, activate mast cells, increase
production of the hormone ACTH, increase the mitochondrial
ATP, increase cell proliferation and the synthesis activity of
RNA, and stimulate the production of DNA; so they help
significantly in the healing process and in the reduction of
pain episodes [19–22, 26].

Studies have shown that the effects of LEDs, with the same
wavelengths of therapeutic lasers, i.e., in the range of the
electromagnetic spectrum from red to near infrared, have the
same effects of laser biostimulation and tissue repair, as well
as analgesia and an anti-inflammatory effect. LEDs recently
emerged but have been shown to be safe and cheaper in
healing tissues. LEDs emit monochromatic light at wave-
lengths that are effective for healing, with advantages over
lasers, because they are more compact, use less energy, are
lighter, and can be mounted next to each other; thus, they
cover a wider area with reduced treatment time. After being
evaluated for safety by the FDA, these devices have received
approval for therapeutic use with humans [5]. They have basic
differences from lasers, which emit coherent light in a reso-
nant cavity formed with the population inversion of electrons,
thus promoting light amplification through the stimulated
emission of radiation, while the diffuse light emission of
LEDs is not coherent, formed by the junction of positive and
negative (P–N) types, made in small chip of semiconductor
material doped. The choice of the semiconductor determines
the peak of photon wavelength emissions and the color of the
LED. Like lasers, LEDs biostimulation is chosen among
wavelengths from red to infrared emissions [6].

Reproducible research model and study designs are scarce.
França et al. [13] compared the low intensity laser therapy
(LILT) and cryotherapy for the prevention of OM and used a
red laser for the treatment with a positive effect in reducing
mucositis severity but not in avoiding the onset of it. The
apoptotic route to explain the pathways, noted for fibroblasts
and endothelial cells, was also explained by Sonis et al. [11],
and while working with red LED, Liang et al. [23] had noted a
significant decrease in cyanine-induced apoptosis via several
different pathways.

In this research, a red laser and LED were compared
regarding the effect of the photobiomodulation after Che and
no significant difference was noted, both had effective re-
sponses. Reduced thickness of the epithelium, the keratiniza-
tion, the superficial desquamation and vascular changes with

the increased of the permeability, and the blood vessel con-
gestion were observed histologically. The first, a clinical man-
ifestation, is the development of a whitish coloration of the
mucosa due to the lack of keratin desquamation. This is soon
followed by the loss of this layer with the replacement by
atrophic mucosa, which is edematous, erythematous, and
friable. Subsequently, areas of ulceration develop with the
formation of a yellowish and removable fibrinopurulent sur-
face membrane. In the central areas of the necrotic ulcers,
bleeding may be also present [24]. All of these findings were
highlighted in this study, and compliance inflammation was
present in the groups treated with photobiomodulation but
with less severe degrees of OM. The best responses to the
mucosa inflammation were obtained after 7 days in the pre-
ventive groups treated with red LED and red laser (Ib and Ia).

OM is the first step in the process of reactive oxygen
species generation that drives other biologic processes and
causes direct cellular damage. Upregulation and message
generation occur because of the activation of a variety of
transcription factors by the reactive oxygen species, with
COX2 and NF-kB. The transcription factors can then activate
other cytokines and pathways that lead to further tissue dam-
age and breakdown. During signaling and amplification, the
pathways that have been altered continue to influence one
another, leading to an altered mucosal environment [11, 13].
Up to this point in the process, only minimal visible changes
may be apparent. Ulceration is the appearance of visible
changes in the form of ulcers or lesions. The microflora in
the oral cavity then produces a variety of products that con-
tribute to the toxicity of the mucosa and seems to be almost the
same in animal models.

Comparing the presence of osteoblasts in the periphery of
cortical bone, osteocytes and Harvers channels, the authors
found an increase in the number of the cells after radiotherapy
and laser photobiomodulation in Wistar rats research under
the test conditions [21]. Regarding vascular congestion, the
increase in the number of cells was not high in this study; this
can be explained because of the systemic effects of the che-
motherapy. The tendency is for an increase number of cells
and healing process occurs over time. The fibrosis amount
may be explained by the animals alimentary habbits.

Conclusion

It can be concluded that the use of laser and LED
photobiomodulation stimulates the process of repair and
prevents severe mucositis development, which may rep-
resent another source of help for patients under chemothera-
py, improving quality of life and reducing costs for the health
care system. Others studies must be conducted comparing
both light effects.

1012 Clin Oral Invest (2014) 18:1005–1013



Conflict of interest The authors declare no conflict of interest or
financial contributions for this research.

References

1. Avritscher L, Cooksley L (2004) Scope and epidemiology of cancer
therapy-induced oral and gastrointestinal mucositis. Semin Oncol
Nurs 20:3–8

2. Herrstedt J (2002) Prevention and management of mucositis in
patient with cancer. Int J Antimicrob Agents 16(2):161–163

3. Kelner N, Castro JFL (2007) Rev Bras Cancerol 53(1):29–33
4. Sonis ST, Tracey C, Shklar G, Jenson J, Florine D (1990) An animal

model for mucositis induced by cancer chemotherapy. Oral Surg Oral
Med Oral Pathol 69:437–443

5. Whelan HT, Connelly JF, Hodgson BD, Barbeau L, Post AC, Bullard
G et al (2002) NASA light-emitting diode for the prevention of oral
mucositis in pediatric bone marrow transplant patient. J Clin Laser
Med Surg 20:319–324

6. Whelan HT, Buchmann EV, Dhokalia A, Kane MP, Whelan NT,
Wong-Riley MT (2003) Effect of NASA light-emitting diode irradi-
ation onmolecular changes for wound healing in diabetic mice. J Clin
Laser Med Surg 21(2):67–74

7. Sacono NT, Ferrari JCL, Abreu-e-Lima FCB (2005) Uso do LED
vermelho e infravermelho para o tratamento damucosite induzida por
quimioterapia em hamsters. In: Anais da 22ª Reunião da Sociedade
Brasileira de Pesquisa Odontológica–SBPqO; set. 3–7; Águas de
Lindóia (SP). São Paulo: SBPqO; 219.

8. Freire MRS, Paraguassu GM, Santos Neto FP, Marques AMC,
Sarmento VA (2011) The low-intensity laser photobiomodulation in
the management of oral mucositis: report of cases. AOSR 1(4):205–
209

9. Posten W, Wrone DA, Dover JS, Arndt KA, Silapunt S, Alam M
(2005) Low-level laser therapy for wound healing: mechanism and
efficacy. Dermatol Surg 31(3):334–340

10. Migliorati CA, Oberle-Edwards L, Schubert M (2006) The role of
alternative and natural agents, cryotherapy, and/or laser for manage-
ment of alimentary mucositis. Support Care Cancer 14(6):533–540

11. Sonis ST (2007) Pathobiology of oral mucositis: novel insights and
opportunities. J Support Oncol 5:3–11

12. Sacono NT, Costa CAS, Bagnato VS, Abreu-e-Lima FCB (2008)
Light-emitting diode therapy in chemotherapy-induced mucositis.
Lasers Surg Med 40:625–633

13. França CM, França CM, Núñez CS, Prates RA et al (2009) Low-
intensity red laser on the prevention and treatment of induced-oral
mucositis in hamsters. J of Photochem Photobiol B: Biol 94:25–31

14. Sonis S, Clark J (1991) Prevention andmanagement of oral mucositis
induced by antineoplastic therapy. Oncology 5:6–10

15. Scully C, Sonis ST, Diz PD (2006) Oral mucositis. Oral Dise 12:229–
241

16. Sonis ST, Costello KA (1995) A database for mucositis induced by
cancer chemotherapy. Oral Oncology Euro J Cancer 31B:258–260

17. Dreizen S (1990) Description and incidence of oral complications.
NCI Monoghaphs 9:11–15

18. Epstein JB, SchubertMM (1999) Oral mucositis in myelosuppressive
cancer therapy. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
88(3):273–276

19. Abergel RP, Glassberg E, Uitto J (1988) Increased wound-healing
rate in pig skin treated by Helium- Neon Laser. Laser interaction with
tissue. Michael W. Berns Editor. Session 1. Los Angeles, CA.; Proc.
SPIE 908:6–10.

20. Karu TI, Kolyakov SF (2005) Photomed Laser Surg 23(4):355–361
21. Freire MRS, Almeida D, Santos JN, Sarmento VA (2011) Evaluation

of bone repair after radiotherapy by photobiomodulation—an animal
experimental study. Laser Phys 21(4):1–6

22. Marques M M, Haypek P, Eduardo F P, Migliorati C A, Zezell D M,
Eduardo C P (2003) Effect of high intensity diode laser irradiation on
growth of human gingival fibroblasts. 2° Cong of Euro Soc for Oral
Laser Applic, 2° Cong della Soc Itali di Laser in Odont. Florence,
Italy.

23. Liang HL, Whelan HT, Ells JT et al (2006) Photobiomodulation
partially rescues visual cortical neurons from cyanide-induced apo-
ptosis. Neuroscience 139:639–649

24. Eilers J, Million R (2007) Prevention and management of oral
mucositis in patients with cancer. Semin Oncol Nurs 23(3):201–212

25. Sonis ST, Peterson RL, Edwards LJ, Lucey CA, Wang L, Mason L
et al (2000) Defining mechanisms of action of interleukin-11 on the
progression of radiation-induced oral mucositis in hamsters. Oral
Oncol 36:373–381

26. Vinck EM, Cagnie BJ, Cornelissen MJ, Declercq HA, Cambier DC
(2003) Increased fibroblast proliferation induced by light emitting
diode and low power laser irradiation. Lasers Med Sci 18(2):95–99

Clin Oral Invest (2014) 18:1005–1013 1013


	LED and laser photobiomodulation in the prevention and treatment of oral mucositis: experimental study in hamsters
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Population and sample
	Data collection
	Procedures of anesthesia and sacrifice of the animals
	Induction of oral mucositis
	Procedures of chemotherapy
	Laser and LED equipment
	Clinical and histological analysis
	Statistical analysis

	Results
	Discussion
	Conclusion
	References


