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Abstract
Oral squamous cell carcinoma (OSCC) is the most frequent oral malignant neoplasia. As consequence of OSCC treatment, oral
mucositis (OM) is one of the most common adverse effects of OSCC treatment. Currently, there is no consensus for OM treatment.
The purpose of the current study was to test the combination of red and infrared low-level laser therapy (LLLT) for OM treatment.
Primary culture of human fibroblast was performed to identify LLLT dose. After laboratory tests, a two-arm parallel, single-blind,
controlled study was conducted. The two arms were group 1, both 660- and 808-nm wavelengths (300 J/cm2, 9 J of total energy,
100 mW, spot size 3 mm2), and group 2, only 660-nm wavelength (300 J/cm2, 9 J of total energy, 100 mW, spot size 3 mm2). Both
treatments were performed twice a week. Group 1 presented a reduction of mucositis grade in comparison to group 2. Group 1 also
presented reduction of analgesics prescription. But no significant differences between groups 1 and 2 were observed according to the
pain scale. In conclusion, the current study demonstrated that a combination of red and infrared at a higher dose (300 J/cm2) reduced
both oral mucositis grade and analgesics prescription. The effects of the combination of RT and LLLT are unclear and need more
studies.
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Introduction

Oral squamous cell carcinoma (OSCC) is the most common
type of oral malignant neoplasia [1, 2]. OSCC treatment is

associated with dysfunction and distortions of head and neck
structures [3, 4]. Moreover, OSCC treatment also causes oral
mucositis (OM) [5]. OM is graded into four categories accord-
ing to the World Health Organization (WHO) [6]. Head and
neck radiation therapy (RT) is responsible for worse mucositis
(grades 3 and 4) in 50% of patients [6]. The main conse-
quences of OM are pain, eating and swallowing disorders,
and gastrointestinal distress [5, 6].

There are a vast number of suggested treatments for OM
including oral cryotherapy [7], the use of recombinant human
keratinocyte growth factor-1 [8], nonsteroidal anti-
inflammatory drugs (NSAID) [9], opioids [10], and low-
level laser therapy (LLLT) [11]. Despite different treatment
options, OM is still a frequent complication decurrent of head
and neck cancer treatment [12]. Differences in parameters,
such as wavelength and dose, are responsible for a plethora
of results regarding LLLT in OM treatment in the literature
[13]. LLLT has different effects in OM treatment according to
the wavelength [13]. According to wavelength, LLLT acts
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differently in the cells [14–18]. For example, red and infrared
light energy induce photon absorption, but both wavebands
have different primary targets and photoreactions in target cells
[14–19]. The red light is mainly absorbed by cytochrome c ox-
idase while infrared is incorporated in the plasmatic membrane
by a photophysical reaction in the cell membrane [13–19]. It was
demonstrated that LLLT at three times superior dose reduced
pain and prevented OM [11]. Interesting enough, LLLT with a
dose of 2.5 J/cm2 of 660 nm did not prevent OM, but LLLT
reducedRT interruptions [20]. The benefit of combining different
wavelengths was demonstrated before [21, 22]. However, most
of the guidelines and systematic reviews only focus on LLLT
with red wavelength [10, 23, 24]. In recent meta-analyses, no
data of 808-nmLLLTwere observed [24]. Also, LLLTcould also
reduce inflammatory mediators such as interleukin 1 and brady-
kinin which are associated with pain [25]. The absence of infra-
red studies in guidelines might be probably because the first
studies with 808-nm wavelength used the unfocused high-level
source to generate infrared LLLT [21]. The current study aims to
test the protocol combining red and infrared LLLT to reduce pain
in patients with oral mucositis.

Patients and methods

Dose establishment

For the dose establishment, primary culture assay was performed
in triplicate as described before [26]. Briefly, primary fibroblast
cells were isolated and cultured in Dulbecco’s modified Eagle’s
medium (DMEM/ F12, GIBCO, Billings, MT, USA). The me-
dium was supplemented with 10% fetal bovine serum (FBS,
GIBCO, Billings, MT, USA), 400 ng/mL hydrocortisone, and
1% antibiotic solution (Invitrogen, Carlsbad, CA, USA). The
cells were maintained at 37 °C in a humidified atmosphere of
5% CO2; the growth area was 3.85 cm

2. The primary fibroblasts
were stimulated with a laser equipment (GaA1As and InGaAlP
dual diode LASER, LASER duo—MMOptics®, MMOptics
Ltda., São Carlos, São Paulo, Brazil, RRID: SCR_015955) to
compare the two conditions 300 J/cm2 (90 s, 9 J of total energy,
100 mW, spot size 3 mm2) and 3 J/cm2 (9 s, 0.9 J of total energy,
100 mW, spot size 3 mm2). Seven groups were used for compar-
ison: group A (not submitted to laser irradiation), group B (cell
irradiation with a dose of 3 J/cm2 in red wavelength 660 nm),
group C (cell irradiation with a dose of 300 J/cm2 in red wave-
length 660 nm), group D (cell irradiation with a dose of 3 J/cm2

in infrared wavelength 808 nm), group E (cell irradiation with a
dose of 300 J/cm2 in infrared wavelength 808 nm), group F (cell
irradiation with a dose of 3 J/cm2 in a combined wavelength red
and infrared), and group G (cell irradiation with a dose of 300 J/
cm2 in a combined wavelength red and infrared). The irradiation
sessions were in continuous mode with a power of 100 mWand
were carried out in partial darkness, without influence from other

light sources. The irradiation was performed stationary in one
session and direct contact with the plate. After 48 h of irradiation,
the cells were then rinsed with sterile PBS followed byMasson’s
trichrome staining. Imageswere obtained inmicroscope FSX100
(Olympus, Center Valley, PA, USA) and quantified in the ImageJ
software [27].

Study design

The current study is two-arm parallel, single-blind, and con-
trolled. The number of patients was calculated according to the
use of analgesics to OM. The considered values for sample cal-
culation were alpha 0.05, beta 0.1, and study power 0.9 [28]. A
total of 42 patients, between October 2015 and December 2016,
met the criteria for participation in the study. All patients signed
the informed consent. The datawere collected inDilsonGodinho
Hospital, Montes Claros, Brazil. Ethical approval for this study
was obtained from the relevant Institutional Review Board
(48215415.0.0000.5146). The study was also registered in the
National Clinical Trials (UTN: U1111-1177-9023/67hjmn). The
patients were blinded for intervention. The consecutive sampling
randomization was adopted. The study recruiter was not a care
provider. Also, the study recruiter did not know cancer staging or
the proposed cancer treatment. Patients 1 to 20 were included in
group 1 (red and infrared laser) and the numbers 21 to 42 com-
posed group 2 (only red laser). The allocation concealment was
performed by the study recruiter blinding both patients and all
care providers. Group 1 consisted of 20 patients (16 males and 4
females), age range between 35 and 82 years (mean 58.5, SD
12.44). The distribution according to anatomical site presented
17 lesions located in the oral cavity and 3 in the oropharynx.
According to the proposed treatment, all patients were submitted
to RT, and 16 patients were subjected to chemotherapy. Group 2
was composed of 22 patients (20males and 2 females), age range
between 42 and 86 years (mean 61.2, SD 10.96). About tumor
location, 18 were located in the oral cavity, 1 in the oropharynx,
and 1 in the hypopharynx. According to the proposed treatment,
all patients were submitted to RT, and 13 patients were submitted
to chemotherapy. As inclusion criteria were patients with con-
firmed diagnosis of Squamous Cell Carcinoma in the oral cavity,
oropharynx or Hypopharynx treated with RT exclusively with
RT or associated with chemotherapy. Additionally, both 2D or
3DRTwere accepted for the current study. The exclusion criteria
were patients who have previously been submitted to RT in the
head and neck, patients presenting Oral Mucositis during the
enrollment, patients in using drugs that could interfere in OM,
Cancer lesions associated with UV light, or patients who did not
agree to participate in the study. The exclusion criteria were
patients who have previously been submitted to RT in the head
and neck, patients presenting Oral Mucositis during the enroll-
ment, patients in using drugs that could interfere in OM, Cancer
lesions associated with UV light, or patients who did not agree to
participate in the study.
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Oral mucositis grading and pain evaluation

Patients were evaluated twice a week, andmucositis was grad-
ed according to WHO [5, 6].

The oral pain was evaluated subjectively according to a visual
analog scale (VAS), inwhich B0^ is the absence of pain and B10^
is the maximum pain. The patients were instructed to attribute a
score to their degree of pain in oral mucositis as performed before
[11]. Additionally, research in medical charts was also conducted
to check if patients were in use of the drug for pain relief. Neither
patients nor medicals knew about the groups.

Mucositis treatment

All groups were treated with the same instrument (GaA1As
and InGaAlP dual diode LASER, LASERduo—MMOptics®,
MMOptics Ltda., São Carlos, São Paulo, Brazil, RRID:
SCR_015955) and the same professional. The treatment of
mucositis per point was to group 1 both 660- and 808-nm
wavelengths, 9 J of total energy, 100 mW, and spot size
3 mm2; the total dose delivered to oral mucosa was 300 J/
cm2 twice a week. Mucositis lesions of group 2 were treated
only with 660-nm wavelength, 9 J of total energy, 100 mW,

and spot size 3 mm2; the total dose delivered to oral mucosa
was 300 J/cm2 twice a week. Both groups were treated on
Tuesdays and Thursdays. All patients have received instruc-
tions for oral care during radiation therapy. LLLTwas applied
stationary in direct contact with the lesions; it was used one
point for every 4 cm2 of the lesion. Extra-orally, LLLT was
performed when complaints were located in inaccessible ana-
tomic sites. The laser device power was evaluated once a week
by a laser power meter (Aferidor Laser Check—MMOptics®,
MMOptics Ltda., São Carlos, São Paulo, Brazil).

Statistical analysis

Kolmogorov–Smirnov and the Shapiro–Wilk tests were car-
ried out to evaluate data distribution. After the definition of the
data distribution, an appropriate test was conducted. These
analyses revealed that the data were non-parametrically dis-
tributed; therefore, the Mann–Whitney and Kruskal–Wallis
tests were performed. Chi-square and Fisher’s exact frequency
tests were applied for the statistical analysis of differences
between groups 1 and 2 results. All statistical analyses were
performed with PASW® v 18.0 for Windows®. Statistical
significance was accepted at p < 0.05.

Fig. 1 Comparison of LLLT in fibroblasts. Lines represent significant p values. Scales represent 70 μm. (R) Red 660-nm and (IR) 808-nmwavelengths.
The dose 300 J/cm2 increased the number of fibroblast in an isolated or in a combination of wavelengths
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Results

The comparison between doses of 3 and 300 J/cm2 was per-
formed in primary human fibroblast culture. The dose 300 J/
cm2 (90 s, 9 J of total energy, 100 mW, spot size 3 mm2) in-
creased the number of fibroblasts in an isolated or in a combi-
nation of wavelengths (red + infrared). While 3 J/cm2 (9 s, 0.9 J
of total energy, 100 mW, spot size 3 mm2) presented a signifi-
cant increase in number only in 808-nm wavelength (Fig. 1).

The trial flowchart is presented in Fig. 2. No differences
between groups were observed according to sex, anatomical
site, TNM staging, type of treatment, and RT dose (Table 1).
The average of irradiation points per sessions was also similar
between groups 1 and 2 (2.46 and 2.86 respectively data not
shown). The evaluation of oral mucositis was performed twice
a week, and the worse grade during the whole treatment was
recorded to score oral mucositis. There were 6 (14.28%) pa-
tients who did not present clinical mucositis, 3 patients for
each group (Table 2). Group 1 presented a reduction of mu-
cositis grade in comparison to group 2 (Table 2). Grade 2
mucositis was the most common grade, committing 26 pa-
tients (61.90%) in both groups. It is important to highlight that
in group 1, only 8 (40%) patients, while in group 2, 18
(81.81%) patients presented grade 2 mucositis. On the other
hand, the combination of red and infrared LLLT increased the
number of patients that developed grade 1 mucositis (Table 2).

No significant differences between groups 1 and 2 were
observed according to pain scale (Table 3). However, the com-
bination of red and infrared LLLT reduced the prescription of
the analgesics drugs (Table 3). Also, no harms were observed
in any group.

Discussion

OM is one of the most critical complications to the OSCC
treatment [5, 6]. OM is associated with significant symptoms
such as dysgeusia, dysphagia, and pain [29]. Moreover, OM
often causes RT interruption and consequently interferes with
RT fraction regimen [30]. The decreased local control rate and
reduced survival are the worse consequence of discontinua-
tion of RT [31, 32]. LLLT is a widely used alternative to OM
treatment [11, 20, 22, 23]. There are a vast number of LLLT
protocols to treat OM [24]. But little studies combine two
LLLTwavelengths [21]. Moreover, there are no precise highly
reproducible and predictable protocols to repair wounds [33].
Evidence suggests that red and infrared combination at the
same dose (20 J/cm2) brings best results in clinical and histo-
logical in the recovery of wounds [34]. Also, it was demon-
strated that infrared and red LLLT collaborates to tissue repair
and pain control [33, 35, 36]. Considering evidence related to
the benefits in a combination of red and infrared LLLT in the

Assessed for eligibility (n=120)

Excluded  (n= 75)

Not meeting inclusion criteria (n=75)

Declined to participate (n=0)

Other reasons (n=0)

Analysed  (n= 22)

Excluded from analysis (n= 0 )

Lost to follow-up (give reasons) (n= 0)

Discontinued intervention (reason: give up 

cancer treatment) (n= 3)

Allocated to intervention Red wavelength (n= 

25)

Received allocated intervention (n=  25)

Did not receive allocated intervention (n= 0)

Lost to follow-up (give reasons) (n= 0)

Discontinued intervention (give reasons) (n= 0)

Allocated to intervention Combined red and 

infra red wavelength (n=20)

Received allocated intervention (n= 20)

Did not receive allocated intervention (n= 0)

Analysed  (n= 20)

Excluded from analysis (n=0 )

Allocation

Analysis

Follow-Up

Randomized (n=45)

EnrollmentFig. 2 Flow diagram
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current study, a new LLLT protocol specifically for OM treat-
ment was proposed. But it is important to highlight that wave-
length, energy, energy density, original power, power density,
and frequency are all necessary parameters that need to be
adjusted to replicate a successful treatment [37].

In the current study, preclinical research was performed to
establish and adjust the LLLT parameters. The preclinical
analyses demonstrated that total energy of 9 J of both 660-
and 808-nmwavelengths (100mW, spot size 3 mm2, and dose
300 J/cm2) for point stimulates tissue repair. Additionally, the
preclinical study also confirmed that LLLT promotes fibro-
blast proliferation [38]. Based on preclinical data, the safety
and efficiency of the protocol were tested in a controlled study
which compared two groups. Group 1 (both 660- and 808-nm
wavelengths, 9 J of total energy, 100 mW, spot size 3 mm2, the
total dose delivered to oral mucosa was 300 J/cm2 twice a
week) presented reduction of OM worse grade and analgesics
prescription in comparison to group 2 (660-nm wavelength,
9 J of total energy, 100 mW, spot size 3 mm2, the total dose
delivered to oral mucosa was 300 J/cm2 twice a week). The
trial limitations are the small numbers of participants and the
data collection in only one study center.

The energy applied in the LLLT in the current study is two
times higher than a previous recommendation [39]. Another
critical difference between the current protocol is the number
of sessions which is only twice a week. It is essential to high-
light that the weekday selection (Tuesdays and Thursdays) is
crucial. The rationale for the current protocol was based on the

Table 1 Comparison of clinical characteristics between groups 1 and 2

Group 1 Group 2

N % N % p value

Treatment

RT 2 66.70 1 33.30

RT + CT 12 50.00 12 50.00

RT + CT + SUR 4 80.00 1 20.00

RT + SUR 2 20.00 8 80.00 0.130

Chemotherapy scheme

Cisplatin 12 52.17 11 47.83

Cisplatin and Fluorouracil 3 60.00 2 40.00

Cisplatin and Gemzar 1 100.00 0 0.00 0.380

Radiation therapy dose

Igual of less than 64 Gy 7 70.00 3 30.00

More than 64 Gy 13 40.60 19 59.40 0.104

Primary tumor (T)

T1 1 33.30 2 66.70

T2 6 46.20 7 53.80

T3 4 57.10 3 42.90

T4 8 44.40 10 55.60

TX 0 0.00 0 0.00 0.906

Regional lymph nodes (N)

N0 4 57.10 3 42.90

N1 5 41.70 7 58.30

N2 6 42.90 8 57.10

N3 4 57.10 3 42.90

NX 1 50.00 1 50.00 0.728

Distant metastasis (M)

N0 4 50.00 4 50.00

N1 1 33.34 2 66.66

NX 15 48.38 16 52.62 0.712

Anatomical site

Oral cavity 18 48.60 19 51.40

Oropharynx 1 25.00 3 75.00

Hypopharynx 1 100.00 0 0.00 0.380

Sex

Male 16 44.40 20 55.60

Female 4 66.70 2 33.30 0.286

Age (years)

Range 35–82 42–86

Mean (SD) 58.05 (12.44) 61.82 (10.96) 0.801

In asterisk, significant p values. RT radiation therapy, CT chemotherapy,
SUR surgery. No differences in clinical features between groups 1 and 2
were observed

Table 2 Comparison of oral mucositis grade between groups 1 and 2

Group 1 Group 2

Mucositis grade N % N % p value

0 3 50.00 3 50.00

1 5 100.00 0 0.00

2 8 30.80 18 69.20

3 3 75.00 1 25.00

4 1 100.00 0 0.00 0.029*

Mucositis grade

1 5 100.00 0 0.00

2, 3, 4 12 38.70 19 61.30 0.016*

* significant p values. Group 1 showed a reduction of the worse mucositis
grade in comparison to group 2

Table 3 Comparison of pain symptoms between groups 1 and 2

Analgesics prescription Group 1 Group 2 p value

N % N %

Yes 4 26.70 11 73.30

No 16 59.30 11 40.70 0.043*

Worse pain in VAS

Score < 9 14 58.30 10 41.70

Score ≥ 9 6 33.30 12 66.70 0.098

* significant p values. Group 1 significantly reduced analgesics prescription
in comparison to group 2. No differences between groups 1 and 2 were
observed in worse pain observed in the visual analog scale for pain
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fact that most OSCC patients are not treated with RT on the
weekends [40]. So onMondays, fibroblasts had 48 h to recover
from RT. On Tuesdays, there was a necessity of fibroblast
stimulation because of the RT received on Mondays.
According to our in vitro results, LLLT increase fibroblast
proliferation for 24 h. On the other hand, fibroblast prolifera-
tion is critically decreased in an energy-dependentmanner after
48 and 72 h after LLLT [41] which highlighted the necessity of
LLLT on Thursdays. So, LLLT on Tuesdays and Thursdays
can maintain fibroblast recovery during the week.

In the current study, a combination of LLLT wavelengths
reduced OM worse grade. The in vitro experiments suggested
that for a combination of wavelengths, a higher dose is more
efficient for fibroblast proliferation. Even with exciting results
presented in the current study, there are difficulties in under-
standing themolecular wound healing mechanism in irradiated
OSCC patients because the effects of the combination of RT
and LLLTare unclear [42]. Additionally, new RT techniques in
oral mucosa are described and need investigation [43]. Taken
all the facts together, the preclinical and clinical data of the
current study corroborates that the combination of red and
infrared wavelengths at a higher dose (300 J/cm2) reduced
OM grade in comparison to the use of only red and infrared
wavelengths (3 J/cm2) or the exclusive use of red wavelength.

It was also observed that the combination of red and infrared
at a higher dose (300 J/cm2) reduced analgesics prescription. It
is important to highlight that doctors and patients were blinded
about LLLT. On the other hand, wavelength combination in
LLLT did not present a VAS reduction. The treatment decision
is based on patients’ signals and symptoms while VAS only
focuses on the patients’ perception [44]. The presence of pain
in cancer patients, especially during OSCC treatment, needs
attention [45] even considering the recent technological benefits
from RT [46]. Infrared LLLTacts in the cell membrane thereby
changing essential transport mechanisms such as the sodium-
potassium pump [14, 19], and consequently reduce pain [47].
Also, LLLT with infrared light (808 nm) could also reduce
inflammatory mediators related to pain sensation such as inter-
leukins 1 and 6 which are associated with pain [25, 48].

In conclusion, the current study demonstrated that a com-
bination of red and infrared at a higher dose (300 J/cm2) re-
duced both oral mucositis grade and analgesics prescription.
The effects of the combination of RT and LLLT are unclear
and need more studies.
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