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ABSTRACT

In terms of the International Classification of Functioning, Disability and Health the speed and
the success of the wound healing process depends on a series of personal factors and
environmental factors. New therapeutical approaches are needed regarding wound healing,
approaches answering the following requirements: low level of toxicity and reduced risk of
side and systemic effects, minimal invasivity, high cost-efficiency.

Objectives: The main objective of this paper is to profile @ most complete picture of the
utility of ultraviolet therapy in wound care, from nowadays perspectives.

Material and Method: Bibliographic research on the Internet for reviews, journal articles and
clinical guidelines regarding recent advances in ultraviolet therapy for wound healing.
Outcomes: The evidence sustaining the benefits of ultraviolet therapy in wound healing
comes from a number of animal model experiments and a few clinical studies.
Conclusions: UVA, UVB and UVC seem to act by influencing cell signaling and by inducing
changes in the cell metabolism and proliferation (biostimulation), inducing and sustaining
wound healing. UVC act also by antibacterial effect. There are some issues to be managed
in the future, in order to ensure safe use of UV in wound care.
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INTRODUCTION

Wound healing is a complex process consisting on coordinated local and
systemic mechanisms involving different types of cells and tissues, and
comprising a series of phases, in a specific sequence. In terms of the
International Classification of Functioning, Disability and Health, known more
commonly as ICF, the speed and the success of the wound healing process
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depends on a series of a) personal factors (age,
nutritional status, cardio-vascular, endocrine and
metabolic comorbidities, infections, immune system
functionality, psychological condition, physical activity
level) and b) environmental factors (level of daily
exposure to natural physical factors, environmental
conditions regarding home, working place, means of
transportation, hospital conditions etc). Impaired
wound healing, in its turn, creates physical and psycho-
logical distress, closing a vicious circle (1).

Wound care is an important medical issue, due also
to the following contextual factors: a) increasing rate of
surviving traumatic events, b) the ageing population
with chronic associated comorbidities, c) increasing risk
of infection in the age of immunologic impairments and
of germs resistant to antibiotics. New therapeutical
approaches are needed regarding wound healing,
approaches answering the following requirements: low
level of toxicity and reduced risk of side effects, minimal
invasivity, higher cost-efficiency. Several studies indicate
the beneficial effects in wound healing of the different
applications of phototherapy, including ultraviolet
radiations applications.

Despite the reduced potential to penetrate the
human skin, the ultraviolet radiation induces several
important biological and physiological effects, along-
side the visible and the infrared radiations of the
solar optical emission spectrum. The effects depend
on the radiation wavelength, dose — the quantity of
energy used for the radiation exposure, and the UV
source (2, 3).

Objectives

After a period of neglect, the general interest
regarding ultraviolet therapy is renewed nowadays. The
advances in investigations technology allow us to
decipher the mechanisms of action of the ultraviolet
radiation, as well as to assess the complex local and
systemic effects of the different segments of the ultra-
violet spectrum.

Searching PubMed Central® at National Center for
Biotechnology Information (PMC NCBI) for the publica-
tions containing the terms “ultraviolet” and “wound
healing” or “ultraviolet and pressure ulcer” in their
abstract, we found as follows:

a) Published Date from 199503/27 to 200503/27,
Added to PMC Date from 199503/27 to
200503/27. Results: 5

b) Published in the last 10 years, Added to PMC in
the last 10 years (from 200503/31 to 201503/
28). Results: 241, from which, 191 are published
in the last 5 years.
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The main objective of this paper is to profile a com-
prehensive picture of the utility of ultraviolet therapy in
wound healing, from nowadays perspectives.

MATERIAL AND METHOD

Search on the Internet for reviews, journal articles
and clinical guidelines regarding recent advances in
ultraviolet therapy for wound healing, no matter the
level of evidence.

Outcomes

We performed a search in PubMed, and in the
electronic resources offered by ANELIS of ANCS -
UEFISCDI (The National Agency for Scientific
Research and Innovation from Romania), as well as a
free search on the Internet.

In the last 2 years, 1609 items containing the terms
wound healing and ultraviolet have been published,
most of them regarding the negative effects of
ultraviolet healthy tissue exposure.

Searching PubMed Clinical Queries for the terms
"ultraviolet" and "wound healing", we found 8
systematic reviews, 201 clinical studies and 48 studies
of medical genetics.

The relevant reviews are the following:

a) Phototherapy for treating pressure ulcers. Chen C
et al. Cochrane Database Syst Rev. 2014 (4). The
review takes into consideration only RCT studies
and its conclusion regarding ultraviolet applica-
tions is that there is not enough evidence to
indicate a beneficial effect of ultraviolet exposure
for wound healing, because the positive results of
small studies must be cautiously interpreted.

b) Management of chronic pressure ulcers: an
evidence-based analysis. Health Quality Ontario
(2009) (5). The review considers that there is not
enough evidence to indicate a beneficial effect of
ultraviolet exposure for wound healing.

The same is stated by different guidelines and best
practices regarding wound care from all around the
world (6, 7, 8, 9).

The Clinical Practice Guideline concerning pressure
ulcers developed by the American College of Physicians
reports mixed result concerning light therapy on wound
healing. They recommend light therapy for reducing
ulcer surface areas (10).

The Wound Healing Society states that “Laser
therapy and phototherapy have not been shown
statistically to improve ulcer healing” (11).

The use of the magic word “statistics” here shows
that there exist clinical evidences of lesser degree that
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indicate the beneficial effect of UV exposure in wound
healing.

We found in the NCBI the following orientation
articles written by the team of Dr. M. Hamblin from
Harvard, which take into account the results of
evidences of level 4 and 5:

a) Hamblin MR et al. Ultraviolet Radiation in Wound

Care: Sterilization and Stimulation. (2013) (12).

b) Yin R, Hamblin MR et al. Light based anti-
infectives: ultraviolet C irradiation, photodynamic
therapy, blue light, and beyond. (2013) (13).

c) Dai T, Hamblin MR et al. Ultraviolet C irradiation:
an alternative antimicrobial approach to localized
infections? (2012) (14).

These papers are reviewing the previous work
regarding in vitro, in vivo on animal model experiments,
and clinical studies, in which ultraviolet applications
showed beneficial effects in wound healing.

We corroborated this information with expert
opinions, expressed in books regarding wound care
(15, 16).

a) Wound healing

Experiments on animal models (rats and rabbits)
showed that UVA and UVB exposure induce a signiffi-
cantly higher rate of healing, when compared with non-
exposed wounds. The tension is maintained at wound
level, until day 15. El Batouty showed that UVA and UVB
increase the speed of wound healing, the reepitheliza-
tion rate and the collagen deposition, in wounds
affecting all the layers of the skin. Pretreatment
approach (UV exposure before wound was made) gave
unconclusive results. Exposure to UVC, for 30 seconds
a day, 5 days, induced changes in wound contraction, as
result: a smooth passing from the repair tissue to the
unharmed skin around the wound. constatarea lui
Morykaw, anume ca expunerea la UVC a culturilor de
fibroblaste determina o secretie sporita de fibronectina
(15). UVC radiations produce less hypertrophic repair
tissue in unexposed wounds on the same animal
subject, indicating that UVC have systemic effects, too
(17).

Clinical studies, reviewed by Hamblin and his team,
are just a few and included a reduced number of
subjects, but they generated beneficial results. The
studies included subjects with pressure ulcers, diabetic
ulcers, venous insufficiency low limb ulcers. We must
take into account the fact that the trials include subjects
with wounds unresponsive to standard treatment,
mainly because of the underlying pathology, associated
with old age. One randomized controlled trial on
elderly subjects with pressure ulcers resulted in
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improved healing rates. Another study, on subjects with
venous insufficiency, applied a combined approach: UV
in E1 dose on the healthy skin around the wound and
on the granulation tissue, and UV in E4 dose on the
necrotic tissue in the lesion. One study, using UV
exposure for 150 seconds, once a week, for 5 sessions,
on chronic unresponsive ulcers, conducted in 1965,
resulted in clean and healthy granulation tissue and in
some cases, with complete healing (18).

Application of UVB for three times a week, for 6
weeks, on lower limbs pressure ulcers, resulted in
reducing the quantity of exudate, reducing the depth of
the ulcers, as well as an improvement of the aspect of
the wounds (19).

UVC of 250 nm exposure, in E1 dose, for 15 seconds
on the granulation tissue, and in E3 for 90 seconds, on
the infected tissue of the wound, induced complete
healing of an infected low limb diabetic ulcer (no
recurrence at 3 month follow-up) (20). UVC of 254 nm,
applied for 180 s, irradiance of 15.54 mW/cm?)
eradicated the MRSA infection and induced tendency
for wound closure (healthy granulation tissue, epithelial
buds and improved epithelization, return to normal
skin color arround the wound (21). UVC exposure
combined with ultrasound therapeutic application
seem to be more efficient in wound healing than LASER
therapy (21).

The combination of UVA, UVB and UVC has been
applied in a randomized placebo controlled trial,
reducing the time required by the healing process (6.3
weeks for the treated wounds, compared to 8.4 weeks
for placebo treated wounds. The difference persisted
unchanges when analysis of covariance was under-
taken taking into account the age of the patients and
the initial size of the wound (21).

It is difficult to compare these studies, because the
wavelength of the UV radiation, the source of UV
emission, the distance between the source and the
treated wound, the treatment time, are different
between them.

b) The antimicrobial applications of UV
in wounds

Again, Hambin and his team summed the results of
the studies up to 2013.

Animal models. A single exposure at UV of 254 nm
for 2.59 J/cm’ reduced signifficantly the microbial
burden (10 fold) in mouse infected wounds. The
treatment was beneficial in wounds infected with
Pseudomonas aeruginosa and Staphylococcus aureus.
The survival rate of the mice was improved (with 68%
for Pseudomonas infected mice), and healing rate was
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increased (with 31%, for Staphylococcus infected mice).

UVC exposure (254 nm) reduces fungal burden, in
third degree burns, by 99% at 30 minutes after
infection, and at 96% at 24 hours after infection (12).

Even if some mammalian cells were damaged, too,
the damage was mainly repaired due to the UV
exposure, too (22).

Clinical studies show the antimicrobial potential of
UVC radiations in non-toxic doses for human tissues:
UVC of 250 nm administered in a E3 dose on infected
wound solved the infection and stimulated the healing
of the wound. UVC of 254 nm, administered at a power
density of 15.54 mW/cm?® for 180 seconds induced
reducing the MRSA bacterial burden of wounds and
wound healing (12).

Using UV for antimicrobial puropose has some
advantages: cost effectiveness (compared to chemical
antibiotics), fast effect (less than 1 hour), due to topical
application, UVC can eradicate resistant and pathogenic
microorganisms much more rapidly than most
antibiotics, lack of local and systemic chemical toxicity
(13).

c) Dosing the UV application

Dose is important, generally, the effect of a thera-
peutical approach being directly proportional to the
quantity of therapeutic agent administered, but the
signaling role of the UV radiations may be more
important than the actual amount of energy these
photons bring to living tissue cells. It Is known that
there is need of just a low-dose UVB exposure to induce
the production of vitamin D in the skin (12).
Biostimulation requires extremely low doses, occuring
even at exposures of 0,001)/cm? But, there are doses
exceeding the support capacity of the exposed tissue,
and these doses are biosuppressive (23).

Suo et al., cited by Hamblin, investigated the effect
of UVC (254nm) on the expression of TGF-B on full-
thickness dermal wounds in rats. Expression of growth
factors was found higher after lower dose exposure
than after 4 times increased exposure, at different
moments in follow up (12).

Even if UV application are not used as a rule for
wound healing, the experts in wound care recommend
using ultraviolet phototherapy in chronic, infected and
necrotic wounds. The suggested dose: 15 mW, for 30
seconds, applied as unique exposure, on the fresh
washed wound (15).

Some authors think that judicious natural UV
exposure might be beneficial for wound healing and for
skin homeostasis broadly speaking. They propose that
moderate UV exposure should be commenced early in
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the healing process of cutaneous wounds (24). The
experts state the importance of education and
awareness regarding wound care and the use of the
different tools to manage it (25).

CONCLUSIONS

Even if the main part of the literature regards the
damage induced by UV natural and artificial radiations,
and the official evidence based guidelines regarding
wound care avoid recommending UV exposure for
wound healing, recently, the expert opinion is shifting
toward the idea that controlled UV exposure might be
beneficial for wound healing and skin homeostasis. In
order to achieve benefits form UV exposure, one must
take into account the sensible relationships between
wavelength and penetration, time of exposure, energy
emitted by the source and distance from the source to
the exposed area, the degree of reflectance and
absorption of UV in the skin and the damaged exposed
tissues of the to be treated area, the minimal erythemal
dose for the healthy skin, the underlying pathology and
comorbidities, the medication, the nutritional and
hydric status of the subject.

There are some issues to be managed in the future,
in order to ensure safe use of UV in wound care. There
is need for high-level evidences regarding UV effects in
wound healing. New high-efficient light delivery
technologies are needed, and optical clearing
techniques, in order to provide a better penetration of
UV and to reduce the side effects of UV treatment.
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