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Abstract

Introduction: Diabetes Mellitus (DM) is a disease of high glucose level known for several complications. Unstable degrees of resistance and difficulty
of insulin flow, deficiency of hormone response in peripheral tissues, difficult scarring and bacterial control are common complications in the
diabetic foot. One of the treatments that have scientific evidence to aid in the healing process and the antibacterial effect is biophotomodulation
through a LASER (Light Amplification by Stimulated Emission of Radiation) 660 nm and LED (Light Emitting Diode) 470 nm.

Materials and methods: This was a quasi-experimental study in which the sample consisted of 9 patients, totaling 11 diabetic feet with ulcerations
and/or amputations, mean age of 64.2 years and divided into three groups: Group 1 (LASER/LED), Group 2 (LASER) and Group 3 (LED), evaluated
through Visual Analogue Scale (VAS) for pain, cirtometry for edema evaluation, contracture evaluation of the treated area through photo before and
last session, with an average of seven sessions three times a week.

Results: Group 1 showed increased granulation tissue, epithelial tissue, greater retraction of the ulceration area, hydrated borders without
hyperkeratosis, being superior to isolated therapies.

Final considerations: The application of LASER reconciled with the LED was promising and presented superior results to the isolated applications
of LASER and LED. It is necessary to continue the study in a larger number of patients to obtain greater conclusive results. It is hoped that this
treatment will be added to conventional treatment, providing a better quality of life for individuals suffering from diabetic feet, thus avoiding further

amputations.
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Introduction

Diabetes Mellitus (DM) is a disease of high glucose level known
for several complications [1]. About 90 to 95% of cases of diabetes are
type 2 has no definite age and is usually diagnosed after 40 year’s [2].
That comprises a group of metabolic diseases that result from changes
in the secretion and/or action of insulin produced by the Pancreas
[3]. Its main property is hyperglycemia linked to dysfunction of
various systems such as kidney, nervous and cardiovascular [3].
With unstable degrees resistance and difficulty of flow of insulin, the
hormone response and in peripheral tissues, one of the most common
complications is the diabetic foot [4].

Complications related to the feet are characterized by an injury
resulting from Diabetic Neuropathy (DN) and peripheral vascular
problems [2,5,6]. DN affects different parts of the nervous system,
including the peripheral nerves (sensorimotor), autonomic and spinal
nerves complications including peripheral vascular disease, which is
characterized by impaired blood supply, especially in the lower limbs

[1,6]. Neuropathy is one of the most common forms of a complication
of the disease, observed in 8 to 12% of diabetics when the diagnosed
carrier of the disease and after long periods of onset (20 to 25) 50 to
60% of the cases [7]. In conjunction with neuropathy and peripheral
arterial disease, DM affect wound healing enhances infection
and consequently leads to a possible amputation [1]. Amputated
patients suffer from significant alterations in the arterial pulse and
deficiency in healing resulting in postoperative complications surgical
procedures such as poorly healing, edema, contractures, ulcerations
stump, infection, inflammation, scar retraction, neuromas, Deep Vein
Thrombosis (DVT), bone spicules, necrosis, ischemia, deformity and
stump pain, which can lead to re-amputation [3,8].

The neuropathy, ischemia associated with immunodeficiency and
favors the development of infections in the lower limbs [2]. Lighter
infections have the preeminence of Gram-positive cocci, such as
Staphylococcus aureus, Streptococcus B-hemolytic group B, A, C, G
of Lancefield [9]. Moderate severity (end-threatening) infections may
have more than one infecting germs, such as Gram-positive cocci and
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Gram-negative bacilli (Proteus mirabilis, Escherichia coli, Klebsiella
pneumoniae, Pseudomonas aeruginosa) [9]. Severe infections (life-
threatening) are polymicrobial (Gram-positive cocci and negative,
aerobic and anaerobic) and are characterized by the presence of
resistant to many antibiotics germs (Staphylococcus meticilino-
resistant, Pseudomonas, Enterococcus) [9].

One of the treatments that have scientific evidence to aid in the
healing process and the antibacterial effect is the photobiomodulation
that changes the biological activity with the use of photons in non-
thermal irradiation through a LASER (Light Amplification by
Stimulated Emission of Radiation) and LED (Light Emitting Diode)
[3,4,10-13].

The biophotomodulation through He-Ne laser light (Helium and
Neon), the semiconductor light emitting comes into contact with the
cells by stimulating the synthesis of collagen, elastin, angiogenesis,
and promote the effect analgesia [12-14]. The angiogenesis leads
to improved infusion, demonstrating a histological increase in
neovascularization [15]. The light LASER He-Ne 660 nm (nanometers)
the 3 J/cm® significantly stimulates collagenogenesis, reduced
inflammatory infiltrates and early inflammatory phase solution of
wounds, distinguished as to complete re-epithelialization process [15].

The LED exerts an antibacterial effect, stimulating the bacterial
membrane releasing chromophores and of the Oxygen-Reactive
Species (ERO), and this process causes a photochemical reaction
and forms free radicals and Singlet oxygen reactive species, which
in turn lead to bacterial destruction [10,11,16]. The photosensitizer
fluorescence spectroscopy (specific blue light) aids in diagnosis,
suggesting endogenous porphyrin in cells, significantly reducing the
bacterial load irradiated with blue light [16,17]. The positive effects
with the LED blue spectrum (704 nm) have been proven in the
hospital environment, has a strong bactericidal action, combating
the contamination by Staphylococcus aureus resistant to the antibiotic
methicillin [10,11,16,18-20].

The general objective of this study was to compare the results of the
individual and joint application of LASER He-Ne 660 nm and the LED
470 nm on distal lower limb injuries in diabetic patients. The specific
objectives were: to measure the area and perimeter of the wound after
LASER and/or LED application, to verify the level of pain after the
application of the therapies, and to analyze the edema of the distal
region of the lower members before and after treatment.

Our hypothesis is that the therapy through Photobiomodulation
using light LASER He-Ne and LED light at different wavelengths
has better effects when applied together in the treatment of distal
ulcerations and amputations of diabetic lower limbs.

Materials and Methods

Itis characterized as a study of nearly-experimental design, in which
qualitatively and quantitatively analysis data is obtained. The research
was developed in Hospital Nossa Senhora da Concei¢ao (HNSC) of
the city of Tubarao/SC, during April to October of 2017. The sample
consisted of 10 patients who entered the HNSC totaling 11 diabetic
feet with ulcerations and/or amputees for the same reason.

Patients with diabetic injury (ulcer and necrosis) and with any
level of diabetic foot amputation admitted to the HNSC. Exclusion
criteria were non-diabetic patients with standing amputations or
who presented contraindications to low-intensity laser or LED
treatment with tumors, epilepsy, photophobia, pregnant women, and
amputations with epiphyseal plaques.

The research was approved by the Ethics Committee of the
University of Southern Santa Catarina (UNISUL-opinion: 2,045,898).
Throughout the study, confidentiality and anonymity of the information
were maintained, according to the Resolution 466/2012 of the National
Health Council. All participants in the study previously signed the
Informed Consent Form (TCLE) and Consent for photographs, after
being elucidated regarding the procedures performed in the study.

The patients were evaluated in the first and last session with
7 applications on average, through the adapted evaluation form,
composed of personal data, general information about their health;
Visual Analogue Scale (VAS) for pain, cirtometry for evaluation of
edema, evaluation of the contraction of the treated area through photo
and it was included with the level of glucose employees of the hospital.

The photos were taken with a photographic device of the
manufacturer SONY®, model NEX-F3, 16.1 MP, SEL1855 lens,
before the first and last session. TNT of blue color was used for the
background, discarded at each procedure. The distance of the photo
was 25 cm with ambient light. The photos of the first and last sessions
were performed using a disposable printed ruler and were analyzed
with AutoCad® software of Audodesk®.

The cirtometry was performed in the first and last session, using a
disposable printed ruler, with three measuring points on the tibia: 5
cm, 10 cm and 15 cm above the medial malleolus. After the evaluation,
the procedures were started in amputated patients with diabetic foot
who were admitted to the HNSC with the help of Laser Elite equipment
from DMC' Equipamentos Ltd.

Subjects were selected by convenience sampling, with the first
participant for Group 1 (LASER/LED), the second patient for Group
2 (LASER), and the third patient for Group 3 (LED), respectively.
The session environment was prepared and sanitized before and after
sessions according to biosafety standards. During the sessions were
used procedure gloves, physiological saline at room temperature
for cleaning the stump, sterile gauzes, goggles to the patient and the
investigator, the plastic ISO film to wrap the apparatus head, being
discarded after each session.

The groups were submitted to the following procedures:

i) Group 1 (LASER and LED): This group was subjected to three
weekly sessions, first the application of blue spectrum LED light with
wavelength at 470 nm with a 30 second exposure per cm? around the
stump and outer edges of the severed area and then the application
of laser red spectrum with wavelength at 660 nm with the act of 3 J/
cm? in the continuous mode, the perpendicular, with a distance of 1
cm throughout the dorsal region of the foot and to the top line of the
medial and lateral malleolus, for the same period quadrant.

ii) Group 2 (LASER): This group was submitted to three weekly
sessions, the red spectrum LASER radiation with wavelength at 660
nm with dose 3 J/cm? for a time of 30 seconds in continuous order,
perpendicular with distance of 1 cm, throughout the dorsal and
plantar region of the foot to the superior line to the medial and lateral
malleolus, for the same period per quadrant.

iii) Group 3 (LED): This group was subjected to three weekly
sessions, the application spectrum of the blue LED light at wavelength
470 nm with exposure of 30 seconds per cm? in continuous mode,
perpendicular, with a distance of 1 cm, throughout the stump and
external edges, for the same period per quadrant.

All groups continued medical supervision according to clinical
behavior, with submission to a broad-spectrum antibiotic, and after

Citation: Dos Santos MCF, Moraes CN, Boppre R (2018) Photobiomodulation used in the Post Operative in Diabetic Feet Injuries. J Diab 2

Res Ther 4(1): dx.doi.org/10.16966/2380-5544.137



&/ SciForschen

laser/LED therapy, application of collagenase in tissue necrosis slough
and fibrin and gauze moistened with Essential Fatty Acids (EFA).

The Results were entered into an electronic database to aid Microsoft
Excel software and transported to the GraphPad Prism’ software 7.03
for statistical analysis. For comparison of means, Kruskal-Wallis,
Dunn’s test, was used to compare the difference between the three
groups, with paired nonparametric samples. A significance level of
5% was adopted. To analyze the photos, the AutoCad’ program was
used to measure the area and perimeter of the photos before and after
treatment.

Results

Data were collected in the period from April to October 2017,
where the sample consisted of 12 patients, but two patients entered the
exclusion criteria of the study because they had contraindications to
LASER and LED, remaining 10 patients (eight men and two women).
Of these, 11 feet were treated, in a total of nine amputations, an ulcer
and a necrosis with a diagnosis of amputation. The overall mean age of
the patients was 64.2 years.

The sample characterization was composed of three groups. Three
male patients participated in Group 1 (LASER/LED); one patient
presented compensated glucose and two patient’s hyperglycemia
during treatment. In group 2 (LASER), four patients participated, three
female and one male, two of whom presented compensated glucose,
one patient presented hyperglycemia and one patient hyperglycemia
above 600 mg/dl. In Group 3 (LED) four patients participated in the
treatment, two of them were female and two were male, all of whom
presented hyperglycemia during treatment.

The post 7 held on average applications, there is a statistically
significant result was observed in relation to the decrease in the
mean area and perimeter in group 1 (LASER / LED) (p=0.12), and
in group 2 (LASER) (p=0, 06), in proportions close to group 1. The
same proportion did not occur in group 3 (LED), with no significant
result (p=0.3125 for area and p=0.5 for perimeter) and increased PD
after the applications, due to the increase in the perimeter of the lesion
presented by one of the patients in the sample.

In relation to the 5, 10 and 15 cm cirtometry above the medial
malleolus for the control of ankle edema, after the applications, a
reduction corresponding to Area and Perimeter in Groups 1, 2 and 3
was observed.

Local examinations of the feet were performed on the following
alterations: interdigital mycoses, hyperpigmentation, lameness, lack of
hair, bony prominence, lipodermatosclerosis, fissures, cracks, cyanosis,
lymphedema, edema, hyperkeratosis, hypothermia, callosities,
dermatitis and dry skin. Among the factors mentioned above, changes
observed are compared to dry skin, which now has better hydration
in Group 1 (LASER/LED), an increase of hyperkeratosis in Group 2
(LASER) and higher swelling in Group 3 (LED).

The degree of pain of the groups before and after completing
the treatments was verified through six options: zero pain, 1-mild
pain, 2-uncomfortable pain, 3-distressing pain, 4-horrible pain
and 5-excruciating pain. In group 1 (LASER/LED) there was an
improvement in the pain scale in two patients (P1 and P2) who started
treatment with 3 (distressing pain) and at the end, they had 1 (mild
pain). One patient (P3) reported no pain at the beginning and at the
end. In group 2 (LASER), three patients (P4, P5 and P6) started with
3 (agonizing pain), finalize Walk 1 (mild pain), a patient (P7) began
1 (mild pain) and scored zero (without pain). In group 3 (LED) four
patients are presented different values, where a patient (P8) evolved

2 (uncomfortable pain) to 1 (mild pain), two patients (P9 and P10)
evolved from 4 (horrible pain) to zero (no pain) and the third (P11)
showed no changes, remaining on scale 3 (distressing pain).

In Group 1 (LASER/LED), after treatment, the presence of abundant
granulation tissue, epithelization and a moderate presence of fibrin in
the feet of the three patients was observed. The borders did not present
hyperkeratosis and remained hydrated (Figure 1).

In group 2 (LASER), the reduction of granulation tissue in
one patient (P4) and moderate growth of granulation tissue and
epithelialization occurred in three patients (P4, P5, and P6). Three
patients presented a moderate presence of fibrin (P4, P5, and P7).
The borders showed increased hyperkeratosis in patient 6 and did not
remain hydrated (Figure 2).

In Group 3 (LED), after treatment, the presence of abundant fibrin
was observed in the four patients (P8 to P11) and poor granulation
production in the feet of two patients (P8 and P11). The borders did
not present hyperkeratosis and remained hydrated (Figure 3).

Discussion

Diabetic foot is characterized by the presence of at least one of
these alterations: neurological, orthopedic, vascular and infectious,
which are subject to occur in the foot of diabetic patients and that will
probably lead to amputation [21].

Peripheral neuropathy, ulceration, infection and peripheral vascular
disease comprising the main reasons which compose the complications
of ulcer and lower limb amputations in diabetic patients [21].
Important factors such as low socioeconomic status, smoking, gender,
renal insufficiency, ischemia, diabetic neuropathy, high glucose level
and triglycerides may also be associated with the risk of amputation
of the foot [6,21]. Prevention through organized health and patient
behavior are the most effective events in reducing the indicators of
amputation of the diabetic foot and they can be reduced by 22 to 75%.
In this present study, we tried to point out the risk of neuropathy to
diabetic patients and salient or that the knowledge of these factors is
essential for the development and applicability of therapy through the
LASER photobiomodulation and low intensity LED and the search
for positive results, thus avoiding the need for amputation as well as
diabetic foot Reamputation [6,21].

Chaves M et al. [12] and Hamblin MR et al. [22], showed that LED
light can be as effective as a LASER, since both have similar biological
effects, with no significant difference between them when working at
the same wavelength. The cellular response to photostimulation is not
associated with specific properties of LASER light, such as coherence.
The property of coherence is lost during the interaction of light with
biological tissue and is therefore not a prerequisite for the process
of photostimulation or photoinhibition [12]. The biological effects
depend on the reasonable wavelength, the dose and the exposure time
in determining the appropriate treatment protocol [12]. As a result, the
3 groups were adopted in this study, and the combination of the two
therapies was shown to be more effective in improving wound healing.

The LED has become an alternative to laser systems for several
reasons: low cost, the range of wavelengths and working in the
ultraviolet range (<400 nm) to infrared (>700 nm) [23].

This study considered the use of phototherapy with LED 470 nm
blue spectrum, a wave whose depth does not exceed the epidermis, the
antibacterial ability and moisturizing characteristic and typical of that
spectrum of the light wave at that depth. The blue light has a bactericidal
effect on the surface of the tissue [24]. Guffey JS et al. [23] shows the
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Figure 1: Area/Perimeter Group 1 (LASER/LED)

bactericidal effect of the radiation between 425 and 525 nm with blue
spectrum LED’s where Pathogens such as Porphyromonas gingivalis
and Escherichia coli DH5a were killed by wave depth at 425 nm. The
wavelength of 625 nm, characteristic of red spectrum LASER light, is
not bactericidal for Porphyromonas gingivalis, Escherichia coli DH5a or
Staphylococcus aureus. It is being concluded that irradiation above 525
nm light is not bactericidal for Staphylococcus aureus, Escherichia coli
and Porphyromonas gingivalis, while the wavelengths from 425 to 525
nm had bactericidal effects [23]. In this study, the culture collection
was only presented in four patients and the antibiotic therapy was still
in use. The bacteria Staphylococcus aureus, and Enterobacter species
and Klebsiella oxytoca (ESBL-producing strains) disappeared at the
end of treatment (patients 2,3,9 and 10).

It was also considered for this study, the use of phototherapy using
red laser light spectrum with wavelength at 660 nm. Low-intensity
LASER with pulsed or continuous output has a wavelength ranging
from 630 nm to 1300 nm, with visible and non-visible (infrared) red
light spectra [25]. Immunological and vascular systems normalize after
the application of low-intensity laser, the metabolic and proliferative
processes are activated and produce the same analgesic effect [12].
There are also alterations in fibroblasts (proliferation and increase
in Ca* concentration), keratinocytes (increased IL-la and IL-8
production and mRNA expression) and proliferation of macrophages
[12]. We found in our study similar pain relief in all groups of patients.
De Sousa RG et al. [3] reported that the most satisfactory results in
wound healing of diabetic patients were those where the He-Ne laser
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with a wavelength of 632.8 nm with energy density in the range of
3-5 J/em® The most significant biological effects were observed at
prevailing dose values, that is, up to 5 J/cm? which are within the
Arndt-Schultz curve [12]. Very low doses do not promote biological
effects, while higher doses result in inhibition of cellular functions
[12]. The energetic state of the cell, the physiological condition of the
tissue being treated, is therefore fundamental to determine the dose to
be used [12].

In Group 1 (LASER/LED) the light application therapy of LASER
660 nm in the red spectrum followed by the application therapy of
LED 470 nm in the blue spectrum, both of low intensity, as proposed
in this study, has shown to be promising and presented superior results
to the isolated applications of LASER and LED as verified in the data
obtained, both in relation to pain as well as area and perimeter and
finally edema.
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There was a reduction of an area less around 48.93%, result superior
to isolated laser therapy (Group 2) and in relation to LED (Group 3)
on average seven applications, 3 times a week, and making up the total
of 17 days of treatment. Caiafa JS et al. [9] states that the mean time
required for the 30% decrease in the lesions in diabetic patients reaches
20 weeks, totaling 140 days. The other studies do not mention the time
to reduce the lesion, only the comparison of the results obtained with
LED and LASER therapies [14,16,19,26,27].

Regarding the perimeter of lesions, changes were also observed
and Group 1 (laser/LED) improved by 22.43% and Group 2 (LASER)
21.15%, while the Group 3 (LED) did not show relevant evolution.
Groups 1 and 2 were obtained similar numbers in the evolution of
the perimeter, but Group 2 (laser) showed increased hyperkeratosis
(callus around the edges) and decreased hydration. In relation to
epidermal injury, wound contraction and re-epithelialization from the
wound edge, which is important in wound closure, is the proliferation
of keratinocyte proliferation [28]. The study by Adamskaya N et al.
[28] demonstrates that the laser therapy showed increased keratin
tissue at the edges of the tissue and healing was still ongoing. The
diabetic foot already suffered from increased keratin, leading the
local hyperkeratosis (callus) that progresses to ulceration (perforating
plantar disease), and required surgical removal procedure to pair
definitive healing, allowing the use of adequate prostheses [4,9]. Caiafa
JS et al. [9] corroborated within the proposed study which found an
increase in the accentuated hyperkeratosis of the application isolated
laser (Group 2) that in the need for a new debridement, the perimeter
measurement will increase.

Even if realized in Group 1 (laser/LED) there was a good red
granulation tissue compared to groups 2 (LASER) and 3 (LED).
Chaves ME et al. [12] reported that in studies with LASER, in the
spectral range of 627 to 670 nm with predominant doses 2 to 4 J/
cm?, a number of important biological effects were observed, such as
reduction of inflammatory cells, increase fibroblast growth, collagen
synthesis, stimulation of angiogenesis and formation of granulation
tissue. However, in the proposed study, the group that presented the
most granulation tissue formation was Group 1 (LASER/LED).

Group 1 (LASER/LED) had a lower fibrin content compared to the
other groups. In Group 3 (LED) the presence of fibrin after treatment
became more pronounced, which made it difficult to close and heal
the wound. Brechow A et al. [29] diagnosed the infection if two or
more of the following signs have been present: candid purulence; local
heat; erythema; lymphangitis; edema; ache; fever; and foul smell. In
this study, at the end of treatment, patient 11 with the exception of
Group 3 (LED) which increased pain and edema groups showed no
signs of infection.

All patients are evolved in pain levels in Group 1 (laser/LED) and
2 (LASER). Group 3 (LED) only patient 11 did not present changes in
the pain scale. The low-level photobiomodulation stimulates healing,
relieve pain and reduces inflammation [22].

Final Considerations

The application of LASER reconciled with the LED has shown to be
promising and presented superior results to the isolated applications of
LASER and LED. They were observed increases tissue of granulation
tissue epithelialization, greater retraction of ulceration area and the
edges had hydrate station without hyperkeratosis the upper isolated
therapies.

The use of different wavelengths in the treatment of diabetic foot
injury achieves either the desired effect and, at the same time, relieves
or adverse reactions and secondary complications.

It is necessary to continue the study in a larger number of patients to
obtain greater conclusive results. However, it is expected that through
this study, this effect is added to the treatments at the HAT, providing
a better quality of life for individuals suffering from diabetic foot, thus
avoiding new amputations.
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