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Abstract

Background: Chronic nonhealing ulcers are one of the major causes
of morbidity and disability in people with diabetes mellitus (DM), which
represents the most frequent cause of hospital admission in this group of DM.
In terms of the acceptability, availability, and minor adverse effects, the effect
of low-level laser therapy (LLLT) on diabetic foot ulcers (DFUs) has been
highly documented in scientific literature. Purpose: The present study had the
aim to evaluate the effectiveness of LLLT to promote the healing of diabetic
foot ulcers. Methods: A quasi-experimental test-retest study was performed
with a sample of 12 subjects. Before executing the research, it was submitted
for review and approval by the Research Subcommittee of the Physiotherapy
Degree, as well as the Research Committees of the Hospital General de
Querétaro. Results: The average area at the beginning of the physical
examination of the DFUs was 7.98cm2 (SD= 8.13), and the average area after
the intervention was 0.93cm2 (SD= 1.64) revealing an average difference of -
7.05cm2 (SD=8.1) at the end of the intervention with LLLT. The Student's t-
test was then used for related samples with a calculated value of t= 3.00 and
significance of P=0.012 which shows at 95%, a significant difference in the
reduction of the area in square centimeters of the ulcers after the application
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of therapeutic low-intensity laser. Conclusions: The effects and efficiency of
the LLLT were demonstrated, although further study with a numerically larger
sample is suggested.

Keywords: low-level laser therapy, diabetic foot ulcer, healing process.

Introduction

Worldwide between 15% to 25% of patients with DM develop diabetic
foot. Within these, 1% to 4% develop diabetic foot ulcers, producing between
40% and 70% of lower limb amputations, with evidence of incidences of new
episodes after an amputation (Cisneros et al., 2015).

According to International Diabetes Federation (2019), Mexico
occupies the sixth position with diabetic people worldwide, with a figure of
13 million, where most of them have diabetic foot syndrome (DFS).

DFS is considered as the presence of ulceration, infection, and/or
gangrene of the foot associated with diabetic neuropathy and different degrees
of peripheral vascular disease, resulting from the complex interaction of
different factors induced by sustained hyperglycemia (Gonzalez et al., 2018).

As stated by Obeso et at., (2021), DFUs generally inflict a prolonged,
recurrent hospital stay; causing in most cases the amputation of the limb. This
causes a high economic and social cost and a decrease in the quality of life and
lifespan of patients.

Texas wound classification system determines that a grade | ulcer is a
superficial skin injury that does not involve tendons, capsules, or bone without
or with infection and ischemia, and a grade Il ulcer already compromises
tendons or capsules without or with infection and ischemia (Pereira et al.,
2018).

The management of the DFUs is a public health problem due to the
frequency with which cases occur, and the burden that is generated on the
health system and on the economy (ENSANUT, 2016). Conventional
treatment of diabetic foot ulcers uses drugs, wound cleansing, surgical
intervention, and hyperbaric oxygenation. However, these have the
disadvantage of high costs and long attention spans (CENETEC, 2020).

Laser therapy is an efficient and low-cost therapeutic resource proven
in the treatment of ulcers due to its ability to accelerate the repair process in
different tissues through the use of low-power light sources. Its biomodular
action on the tissues allows faster tissue recovery, added to an effective action
to relieve pain, especially in the first fifteen days of treatment (Perea &
Navarro, 2019).
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The LLLT boosts the reduction of the inflammatory phase, promoting
angiogenesis and the production of components of the extracellular matrix, as
well as its organization. In addition to reducing the area of the lesion and
accelerating the healing process, laser therapy has the advantage of being
easily administered (Sandoval, 2014).

In a clinical trial carried out with 2 control groups, Mathur (2017)
demonstrated a positive effect was obtained in the group treated with laser
regarding the reduction of ulcers, improving significantly more than those
patients who have not been treated with this therapy, which indicates that it is
an effective modality to facilitate wound contraction in patients suffering from
diabetes and can be used as an adjunct to the conventional mode of treatment
(dressing and debridement) for diabetic wound healing.

Carvalho et al., (2016), in an experimental, randomized, controlled and
prospective clinical trial; with a sample of 32 patients, proved that after 30
days it was possible to observe how the patients who had been treated with
laser therapy had practically healed ulcers.

Gebala et al., (2016) found that laser increased cell proliferation and
increased type I collagen content, cell migration, proliferation, and viability in
fibroblasts, noting that a group treated with low-level therapy had a significant
reduction in ulcer area compared to patients on conventional therapy alone.

De la Cruz et al., (2011) concluded in their study that "laser therapy as
a biostimulator that promotes the hyperpolarization of the cell membrane, the
acceleration of metabolic processes and the increase in the exchange of
nutritional substances, which contributes to strengthening the action of
immune cells".

The results in the study by Herndndez et al., (2015) showed complete
healing or reduction in the area of the ulcers in approximately 50% of their
initial surface and in more than 50% of the patients.

The objective’s study was to evaluate the effectiveness of LLLT
aplication to promote healing of diabetic foot ulcers.

Methods

Protocol and type of study

A quasi-experimental study was performed with a sample of n=12
subjects in an age range between 30 and 60 years (SD=6.99). To carry out the
research, it was submitted for review and approval by the Research
Subcommittee of the Physiotherapy Degree, as well as to the Bioethics
Committee of Universidad Autdonoma de Querétaro; it was also submitted for
review, presentation, and approval to the Research Committee of the Hospital
General de Querétaro.
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Criteria Selection

The patients included in the study were selected meeting the inclusion
criteria: patients who were in an age range of 30 to 60 years of age; subjects
who presented grade (0 to I1) ulcers according to the classification scale of the
University of Texas and who did not present infection in the ulcerated area;
and patients who agreed to sign the informed consent once they were informed
in detail about the nature of the study.

Induction to study participants

During the induction to the research project, they were instructed and
made clear that the end of the project intervention was the evolution of the
ulcer until its closure, reduction, and/or that it presented favorable conditions
to be treated conventionally or by means of partial-thickness skin grafts, as
long as a minimum of 12 attendances were met for the methodological effect
of the research project itself.

Measurements and scheduling

Measurements were taken (length and width of the area) by means of
a ruler graduated in centimeters of the international system of units (SI),
emptying the data obtained to the app "Geometry" version 2.8.4 ARPAPLUS
of the Android system that allowed the calculation of the area and perimeter
of the lesion; this made possible to evaluate the evolution of the ulcer after the
application of the initial and final treatment; photographic capture was made
as well for the follow-up of the ulcer in each session.

The treatment program consisted of a total of 12 sessions, divided into
3 sessions per week, alternately, which took a total of 4 weeks per patient; in
the other hand, for bioethical reasons and of passion for the subjects
participating in the research, he dedicated himself to continuing with the
application of the therapeutic laser until a total closure of the lesion was
presented or a reduction greater than 50% of it was observed.

All subjects in the study group attended their scheduled sessions
without absences, cancellations, setbacks, or appointment changes. It is worth
mentioning that none of the subjects had secondary symptoms or adverse
effects developed during or at the end of treatment; however, based on the
elimination criteria, one subject was discharged due to poor glycemic control.

Medical equipment, dosage, and application methodology

The intervention was applied with medical-grade equipment that emits
a low-intensity therapeutic laser with a power of 50mW and a diode applicator
with a wavelength of 785nm. The dosage was 10 J/cm2, at a frequency of 3000
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Hz, applying it for 6 seconds per point, keeping the applicator 1cm away from
the perimeter of the skin surrounding the outer edges of the ulcer.

Data analysis

A test-retest, the Student's t-test, and Wilcoxon signed-rank test
analysis were used to process the information and determine the results. The
variables considered were the area (cm2) of the ulcers before and after the
intervention, their perimeters (cm), as well as the grade and stage according to
the "Texas Scale", also both before and after the LLLT intervention.

Results

As a result of the statistical analysis, it was observed that the average
area at the beginning of the assessment was 7.98cm2 (SD= 8.13), and the
average area after the intervention was 0.93cm2 (SD= 1.64), revealing an
average difference of -7.05 cm2 (SD= 8.1) at the end of the intervention with
laser therapy (Table No.1). The Student's t-test was subsequently used for
related samples with a calculated value of t= 3.00 and significance of P=0.012,
which shows (CI=95%), a significant difference in the reduction of the area in
square centimeters of the ulcers after the application of LLLT.

In the analysis of the measurements of the perimeter of the ulcers
before and after, statistics were also performed, showing that the average
perimeter at the time of the initial assessment was 9.59 cm (SD= 6.17), the
final average perimeter was 2.52 cm (SD= 4.09), obtaining a final difference
of -7.26cm of average reduction (SD= 6.29), as shown in Table No. 2. In the
same way, the Student's t-test was used for samples related to a value of t=
3.99 and significance P= 0.002, which states that with a (C1=95%), there was
a significant difference in the reduction of the perimeter of the ulcers after the

application of laser therapy.
Table No.1.- Statistical analysis of the before and after of the area of the ulcers.

Area (cm2) Avrea differences
Measurements BEEORE Area (cm2) AFTER (cm2)
Sample (n) 12 12 12
Average (X) 7.98 0.93 -7.05
Standard
Deviation (SD) 8.13 164 81

Table No.2.- Statistical analysis of the before and after of the perimeter of the ulcers.

Source: self-made.

Measurements Perimeter (cm) Perimeter (cm) _ Perimeter
BEFORE AFTER differences (cm)
Sample (n) 12 12 12
Average (X) 9.59 2.52 -7.26
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Standard

Deviation (SD) 6.17 4.09 6.29

Source: self-made.

On the other hand, according to the degree and stage of the "Texas
Scale" of the ulcers before and after the intervention with therapeutic laser
therapy, a non-parametric test was used, so an analysis was carried out for
related samples through the Wilcoxon test, obtaining a degree of significance
of (P=0.002) with a (Z=-3.07), which clearly shows that there was a decrease
in the degrees of ulcers after the intervention. Likewise, with the stage of the
ulcers, a result was also obtained with the Wilcoxon test (P value =
0.016) with a (Z= -2.4), which also indicates a significant decrease in the
general stages of the ulcers at the end of the intervention with laser therapy
compared to the initial evaluation. Based on a random selection of
photographic evidence, some of them are shown below

Figure 1. Figure 2.

Case 1 before LLLT Case 1 at seventh session
Figure 4.

Figure 3.

Case 3 beerLT ‘ Case 3 at twelfth session
Figure 5. Figure 6.

Case 11 before LLLT Case 11 at nineteenth session
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Case 9.

Case 9 before LLLT Case 9 at twenty-ninth session

Discussion

It is convenient to observe the statistical consistency with respect to
the results obtained, which provides validity to the methodology used. Also, it
is necessary to make it clear that a substantially larger sample would obviously
be required to have more representative reliability.

The importance of this study is in the strength of the methodology, the
care of the processes involved, as well as in the details related to the
infrastructure, the technology used, the object of the study focused on the
before and after based on measurements of the (SI), the parameters of the
therapeutic laser, the determination of the dose, in the administrative,
bioethical and regulatory aspects.

Although the subject matter of LLLT is very extensive in the scientific
literature and in the main scientific search engines, recent systematic review
and meta-analysis studies have shown that many of them lack methodological
support. In this sense, fortunately, it was possible to identify the best available
sources, and based on the results of the study, it can be established that there
is a high affinity in terms of the effectiveness and benefits of therapeutic laser
associated with the DFUs healing process.

The limitations of the project are mainly focused on the size of the
sample, which was circumscribed according to the time it took to develop the
research; this has an impact on the fact that other statistical tests could even
be performed that can further reinforce the importance of the efficacy of the
LLLT.

Conclusions

Regardless of the limitations in terms of sample proportion, the results
are considered to confirm the importance and effectiveness of low-power laser
therapy applied mainly to people suffering from diabetic foot ulcers.

As reflected in the scientific literature, it can be affirmed that LLLT
has positive and certainly rapid effects on the repair process of DFUs in
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comparison with the recommendations and conventional treatments in the
management of such conditions.

It is important to highlight that the tissue repair process can surely be
related to the healthy lifestyle of patients as well as to the specific care that
DM entails (glycemia level), both with that of the DFUs in terms of repair
processes as carried performed by professionals, with due procedure, local
hygiene, antisepsis, postures and movements that promote correct peripheral
circulation, ventilation, oxygenation, venous return, lymphatic drainage, and
others.

It is also concluded that the Texas scale is a meaningful reference that
allows for a verification margin in terms of a more objective measurement of
DFUs. In the present study, significant degrees and stage reduction were
observed in both parameters, and that contrasted with the area and perimeter
reductions, it is established that it is a reference scale for the study and analysis
of such kinds of ulcers.

This type of study has the nobility of motivating to carry out extensive
interventions even to have more consistent results, but it also has the virtue to
inspire to carry out more educational and awareness campaigns about the
UFDs, which allows having an impact on the prevention of these health
conditions.

Also, the advantage of this study results in the fact of the importance
of having an explicit methodology, but mainly in the sense of the technologies
or parameters used as well as the doses that prove to be effective in order to
have greater reproducibility, which translates into the prevention of
progression of ulcers and therefore, prevention of diabetic foot amputations.

Due to the alarming epidemiological representativeness that DM, DFS,
and UFDs entail, this type of technology and intervention can easily justify its
implementation in the health system that even allows the development of cost-
benefit research in terms of people's health, as well as in administrative and
economics, both in the short and long term.

Evidently, the recommendation extends that the application must be
carried out by a competent and qualified health professional, as well as making
use of medical-grade equipment and/or technologies within pertinent
regulations and procedures. Although laser therapy has few adverse effects in
its correct application, there are serious precautions concerning its handling
and use.
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