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Abstract: Chronic skin lesions are an important medical health problem. Chronic skin lesions
are associated with high costs for the National Health Service and reduced quality of life for
the patient. The availability of means to reduce the healing time of skin ulcers is a medical and
public health priority. Within this context, for patients suffering from skin ulcers, great atten-
tion has been given to the use of particular frequencies of the light spectrum that have shown
beneficial effects on both ulcer cleansing and healing stimulation. This article reports the
observations made on three patients suffering from ulcers of the lower limbs who were treated
with Photobiomodulation therapy using Blue Light in addition to the standard treatment at a
private clinic. The results were encouraging and have prompted us to participate in a protocol
of a multicenter randomized study on a significant number of patients.
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Introduction

The treatment of chronic skin wounds (or skin ulcers) is an important concern from both
amedical and a financial point of view as it represents one of the most expensive health-
care services in the world: around 3% of the health budget is spent on treating this kind
of injury, which is increasingly widespread and has a high social impact. A recent study
(84 patients with lower limb venous ulcers), in which the ulcers were treated in a reason-
able period of time (approximately 120 days), showed an estimated cost of $15,000, with
the treatment costs rising to about $34,000 when the ulcer had a delayed recovery time.!

Every year, approximately 6.5 million cases of chronic cutaneous ulcers from
venous insufficiency, pressure, and diabetes mellitus are registered in the United
States.2 According to the latest guidelines of the European Dermatology Forum, lower
limb ulcers affect between 1.5% and 3% of the general population and the percentages
reach 4%—5% in patients aged>80 years.? A study carried out in the United Kingdom
(THIN report, The Health Improvement Network, 2012-2013)* showed that the treat-
ment costs of cutaneous ulcers is approximately 4—5 billion pounds per year. This is
the equivalent of roughly 4% of total UK National Health costs, a percentage destined
to rise steadily with its aging population.*

In Italy, there are no recent studies that are similarly well structured, as the collection
of data is not yet precise and uniform and there is no communication and integration
between the existing national organizations. It is estimated that in Italy patients suf-
fering from ulcers in the lower limbs are approximately 2 million, of which 70% with
venous type ulcers, and that the expense for the treatment of these diseases sustained
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by the National Health Service is around 1 billion euros per
year.” In Italy, the national prevalence of patients with lower
limb injuries corresponds to 16% of the total number of
patients assisted with Integrated Home Care Services ADI
(A.L.S.Le.C. — Associazione Italiana Infermieristica per lo
studio delle Lesioni Cutanee, 2013). It is also believed that
about 30% of patients in Italy who have suffered from dia-
betes for at least 10 years have a form of diabetic neuropathy
with 15% of these being hospitalized due to distal ulcers.°

Thanks to the work accomplished in recent years by the
relevant Scientific Societies (AIUC — Associazione Italiana
Ulcere Cutanee, AISLeC — Associazione Italiana Infermieris-
tica per lo studio delle Lesioni Cutanee, CORTE - Conferenza
Italiana per lo studio e la ricerca sulle ulcere, piaghe, ferite
e la riparazione tissutale), the concern regarding the preva-
lence of the disease with its economic and social impact has
emerged, and its gravity is generally accepted.

Currently, the therapeutic challenge is focused on shorten-
ing the time by both setting correct diagnostic—therapeutic
procedures and recommending the appropriate use of effec-
tive and technological devices.

The therapeutic application of light at low doses and
intensities, termed Photobiomodulation Therapy (PBMT),
is currently performed for the treatment of various derma-
tologic pathologies.

Within this context, for patients suffering from skin ulcers,
great attention has been given to the use of particular frequen-
cies of the light spectrum which have shown beneficial effects
on both ulcer cleansing and healing stimulation. Abundant
literature has been produced in recent years demonstrating that
the PBMT provides benefits in tissue repair’® with a series of
effects such as increased capillary and vascular circulation;
promoting vasodilation and angiogenesis through the metabo-
lism of Nitric Oxide (NO);!° stimulation of ATP synthesis,
an essential energy source for the metabolism of all cellular
processes, including tissue repair;'' reduction of scar tissue
formation and keloids;"' stimulation of fibroblast activity with
increased collagen deposition and connective tissue repair.!!

In particular, the specific range of light frequencies
between 400 and 450 nm (Blue Light) has proved to be
effective in many applications such as the reduction of the
bacterial load;!*'* the treatment of skin diseases such as
acne,'>1516 psoriasis,!”!® and eczema;'® and for the treatment
of skin lesions.??? Further evidence shows that PBMT with
Blue Light has an antiinflammatory potential as it inhibits
the pathways involved in the inflammatory response® and is
able to reduce the release of proinflammatory cytokines.**

This article reports the observations made on three
patients suffering from ulcers of the lower limbs who were
treated with PBMT using Blue light emitting diodes (LEDs)
irradiation in specific wavelengths (410-430 nm), in addition
to the standard treatment at a private clinic.

Materials and methods

The observations were made on three voluntary patients
suffering from chronic lesions of different etiology on the
lower limbs treated with a Blue Light medical device to aid
the skin lesion healing.

The LED irradiation system, a prototype device provided
by EMOLED srl (Florence, Italy), is portable and equipped
with rechargeable batteries. The Blue Light device illumi-
nates a circular 5 cm diameter area for 1 minute, providing
an LED radiation at 120 mW/cm? power density at a distance
of 4 cm from the wound bed, which corresponds to an energy
density dose of 7.2 J/cm?.

The device does not come into contact with the lesion, and
its action mechanism is based on the stimulation of natural
chromophores through the emission of Blue Light (400-430
nm, A, .: 415 nm).

Following the standard cleansing procedure of the lesion,
at each visit, the patient was exposed to applications of Blue
Light which were carried out for 1 minute on each circular 5
cm diameter area until the entire lesioned area was covered.
Following the Blue Light treatment, the appropriate medica-
tion and dressing for the type of lesion were applied according
to the required standard. The Blue Light treatment on these
patients was well accepted and tolerated, and there were no
reports of side effects or other adverse events.

Results

Patient |
The first patient treated with this technology was a 90-year-old
man with chronic venous insufficiency, diabetic who regularly
took insulin, and had a problem with recurring venous ulcers
over a 50-year period. The patient had been in treatment at the
clinic on and off for years and in the period preceding the Blue
LEDs treatment, various therapies were attempted without
success. The age of the treated ulcer was 36 months. Five treat-
ments with the Blue Light device were performed in 12 weeks.
In this period, an improvement of the wound bed, a reduc-
tion of the lesion depth, and a revitalization of the perilesional
skin were observed (Figure 1). These results, we believe, were
sufficient to reactivate the lesion which appeared silent for
over 3 years despite various therapeutic attempts undertaken.
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Beginning of observation

Figure | Patient |: Recurrent leg ulcer.

It had always been medicated with advanced dressing and
proper elastic compression. The effect of blue light has allowed
revitalization of the wound bed and, thus, a probable recovery.

Patient 2

The second patient was a 78-year-old woman with bilateral
arteriopathy. This patient had undergone various treatments
at the clinic for some time. She had revascularization surgery
on her right leg and several skin grafts on both legs. When
the patient began PBMT with Blue Light, she had ulcers on
both legs (Figure 2).

The right leg had a fairly superficial yet extended
lesion. After two Blue Light applications, the lesion closed
completely.

The left leg, however, showed lesions which exposed the
bone tissue and underwent 11 applications over a 21-week
period, always combined with advanced dressing and elastic
compression. During this period, the patient had irregular treat-
ments due to seasonal health problems, which consequently
slowed the lesion healing process. At the end of this period,
however, the lesions were reduced by >90% (Figure 3). The left
limb showed evident repair difficulties due to the poor supply
of arterial blood in the periphery, so we believe that the action
of Blue Light has been decisive for achieving the result shown.

Patient 3
The third observation was carried out on a 40-year-old male
and former addict with venous stasis ulcers in both lower
limbs which had been present for 7 years. This patient came
to our observation with a clinical history of poor results.
Repeated skin grafts of both dermal and autologous substi-
tutes were conducted in another clinic, resulting in only a
slight reduction of the ulcer’s surface area.

The therapeutic protocol for this patient included standard
weekly dressings with wound cleansing, use of hydrophobic
dressing, and compression therapy. Treatment with the Blue

Week 8

End of observation

Beginning of observation

Figure 2 Patient 2: Skin ulcers on the left and right legs.

Light device (performed eight times in 9 weeks) was performed
on the upper ulcer of the right leg and on one ulcer of the left
leg; only the half upper part of the left leg ulcer was treated.

With regards to the lesion treated on the right leg, healing
was achieved after four treatments in 4 weeks. The untreated
lesions showed improvement though they did not completely
heal (Figure 4).

With regards to the left leg half-treated lesion after eight
treatments in 9 weeks, 95% reepithelialization was achieved
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Beginning of
observation

Figure 3 Patient 2: Skin ulcer on the left leg.

Beginning of observation

Figure 4 Patient 3: skin ulcers on the right leg: only the upper lesion has been treated.

in the treated region and an 80% reepithelialization in the
untreated region (Figure 5).

Conclusion
During our small experience, we added only the PBMT
with irradiation of Blue Light on the ulcer with the standard

End of observation

Week 11

End of observation

treatment, with the aim of verifying whether the use of this
treatment could be well tolerated, did not produce unpleas-
ant or undesirable reactions for the patient, and finally, if it
could in fact facilitate the lesion’s healing process. The results
were encouraging and have prompted us to participate in a
protocol of a multicenter randomized study on a significant
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Beginning of observation

Figure 5 Patient 3: skin ulcer on the left leg; upper half treated.

number of patients that we hope will verify the efficacy of the
PBMT we observed on a significant case series of patients.

Patient consent to publish
Written informed consent has been provided by the patients

to have the case details and any accompanying images
published.

Disclosure

The two authors report their conflict of interest in the work
as consultants and advisory board members of Emoled srl,
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