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Small skin wounds in healthy people heal and close themselves,
however healing of larger and stubborn wounds may need some form

RISHI of medical treatment. Typically, stitches are used to close wounds

AGE: 15 and hold various tissues together. While the techniques and materials

involved in closing wounds have improved over the years, the one

w UMA problem that still remains with their use is scarring. To prevent
AGE: 12 . . . ' . .

scarring, a variety of glue-like materials, called tissue adhesives,

have been created to hold opposing tissues together and fill larger
tissue gaps. While tissue glues are used to close some wounds, they
harden quickly and are not very strong, which prevents their use in
applications where the appearance of the healed wound is important.
To gain more control over the tissue bonding process, light-mediated
techniques called photobonding have been developed.

The body is a complex machine that allows us to move and perform
all our daily activities, even those we are not aware of, like breathing,
blinking, swallowing, and keeping our hearts beating. Our bodies are
also fitted with elements and strategies to fight against microbes,
protect us from sunlight radiation, and allow us to perform various
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Figure 1

Currently available
options for wound
closure and healing
include suturing, tissue
adhesives, and
photobonding. Each
method has unique
advantages and
disadvantages.
Stopwatch highlights
the relative time it takes
to close a wound using
that method.
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types of movements. The human body is even capable of regenerating
itself to some degree when cells and tissues are injured. However,
when this damage overcomes the body's capacity for self-healing,
we end up with diseases or health conditions that require medical
attention. In many cases, making incisions (cuts) in the body is needed
to find and repair what is not working well. Upon completion of the
procedure the incision wound must be closed, and while doctors have
different options to choose from depending on the type and size of the
wound, the choices are still limited. Small cuts normally heal quickly
and take around 8-10 days [1], while larger and deeper wounds may
require several weeks or even months to heal [2].

WHAT ARE THE CURRENTLY AVAILABLE OPTIONS FOR
WOUND CLOSURE?

The techniques for closing wounds can be grouped into mechanical
fixation (sutures or staples) and tissue adhesives (Fibrin, BioGlue)
(Figure 1). As you might expect, the most commonly performed
procedures involve closing wounds with sutures, often called stitches,
which is not much different from tying your shoes. Sutures have been
used for centuries because they are strong and cheap [3]. However,
there are many things that are not so great about using sutures,
like inflammation, infections, and the need for a skilled doctor. For
these reasons, it is actually not unusual to have wounds reopen after
suturing, or to experience scarring [3, 4].
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PHOTOBONDING

Process in which the
joining of two sides of a
wounded tissue is
carried out by chemical
reactions that are
initiated by light.

ELECTROMAGNETIC
RADIATION

Type of energy
classified depending on

how long and frequent
its waves are.

VISIBLE LIGHT

The light we can see
with our eyes.
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One alternative that tries to avoid the problems of sutures are tissue
adhesives. Tissue adhesives work much like the glue you would use to
stick two pieces of paper together. Unfortunately, they do not provide
the strongest initial bond and they harden quickly, which limits their
use [3].

More recently, new options have been created that use light to control
or activate materials for wound closure. The main advantage is that it
is fairly simple to control when and where a tissue is exposed to light.
There are several light-mediated wound closure techniques, some
that use lasers and some that use chemicals. When lasers are used,
the energy from the laser heats the junction of the wounded tissues.
Because of the elevated temperature, the area gets softened, almost
‘melted,” and after it cools down the wound becomes sealed. Even
though it sounds cool (and maybe terrifying) and easy to do, there are
several bad outcomes, like damaged and dead tissue and as well as
excessive scarring. On top of that, only a weak bond is obtained [3-5].
Considering the disadvantages of lasers for wound healing, this article
will focus on the other photobonding techniques, as these techniques
offer key advantages over the other methods and may represent the
future of wound healing.

HOW DOES HEALING WOUNDS WITH LIGHT ACTUALLY
WORK?

So, if | have a wound, can | just put a flashlight above it and wait until
the wound closes? Well it is not as simple as that, but it is far more
interesting. Let us start with a brief description of what light is. It turns
out that the term “light” implies not just brightness but also energy.
Light is a type of energy called electromagnetic radiation (Figure 2)
and consists of tiny packets of energy, called photons, that travel as
waves and transport energy from one material to another [6]. The
different types of electromagnetic radiation are classified depending
on how long and frequent their waves are. The term wavelength is
used to express how long or short the waves are, while frequency
refers to how many waves pass by in a certain time period. Humans
can see only certain wavelengths, and this is what we call light [7].
This type of radiation is located in the middle of the electromagnetic
spectrum and is called the visible light region. You may also be familiar
with ultraviolet (UV) light, which is higher in energy than visible light
and, in high doses, can result in tissue damage.

When we find the prefix “‘photo” at the beginning of a word, it
typically means that it is related to light. For example, photochemistry
is the study of chemical reactions between light and molecules.
Hence, when we discuss photobonding of wounds, we are referring
to processes in which the joining of two sides of a wounded tissue is
carried out by chemical reactions that are initiated by light.
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Figure 2

The electromagnetic
radiation spectrum. The
spectrum includes
various types of
radiation, some of
which we are exposed
to every day.
Electromagnetic
radiation exists as
waves, each type with a
unique wavelength and
frequency. The types of
radiation on the left
have more energy and
those on the right have
less energy. Visible
light, which is the light
we can see with our
eyes and which can be
used in photobonding,
is right in the middle of
the spectrum.

TARGET
MOLECULES

Molecules of interest
during the
photobonding process.
They are intentionally
activated to become
stuck together.

COLLAGEN

Abundant protein
found giving support
and structure to
most tissues.

EXTRACELLULAR
MATRIX

Material that provides
support to cells in their
surroundings and helps
them get organized
into tissues.

PHOTOSENSITIZER

Molecules that absorb
light at specific
wavelengths and
convert it to physical
and chemical energy.
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WHAT KIND OF LIGHT IS USED?

A number of light sources can be used in photobonding. Natural
sunlight or daylight is difficult to control, so it is rarely used as a
light source for photochemical reactions. Devices that emit light from
various regions of the electromagnetic spectrum are usually used,
including xenon lamps, lasers, and light-emitting diodes (LEDs). These
devices allow the wavelength and power of the light to be easily
selected [6].

PHOTOSENSITIZERS HELP WOUNDED TISSUES STICK
TOGETHER

The molecules that we want to stick together in wound repair are
called the target molecules. Laser-mediated techniques often use
target molecules that are located inside the cells of the wounded
tissue. In photobonding, the main target molecule for tissue bonding
is a protein called collagen. Collagen is an abundant protein found
outside of cells, in a substance called the extracellular matrix,
which gives the cells structural support and helps them organize
into tissues.

Sometimes the target molecules do not absorb light at certain
wavelengths or cannot be directly activated by light to produce
the appropriate photochemical reactions. In these cases, using a
substance called photosensitizer can help, because photosensitizers
can absorb light at specific wavelengths. When photosensitizers are
required, they are used to coat the target molecules. Once there, they
absorb the energy from the light source and then the photochemical
reactions can occur to bind the wounded tissues together [6]. We

kids.frontiersin.org November 2020 | Volume 08 | Article 539007 | 4


https://kids.frontiersin.org/
https://kids.frontiersin.org/article/10.3389/frym.2020.539007
https://kids.frontiersin.org/article/10.3389/frym.2020.539007
https://kids.frontiersin.org/article/10.3389/frym.2020.539007

Guzman-Soto et al. Closing Wounds With Light?

can think about the photosensitizer as the arms that will help to pull
together both sides of the wounded tissue.

WHAT HAPPENS DURING PHOTOBONDING OF
TISSUES?

First, a solution of photosensitizer is applied to the ends of the
tissue that are to be bonded, or a mixture of filler molecules and
photosensitizer is applied to the gap between the tissues. The two
sides of the wounded tissue are brought close to each other and
then light is applied to the area to provide the energy to activate
the photosensitizer [3]. The photosensitizer absorbs this light energy
and passes it on to the target molecules, like collagen [6]. The target
molecules then have the energy to start the reaction that securely joins
them together on the tissue surfaces [4].

APPLICATIONS OF PHOTOBONDING

Using photobonding is still not a regular practice in the clinic.
However, a variety of research studies using laboratory-made tissues,
lab animals, or humans have shown that several tissues can be
successfully repaired. Some of the evaluated tissues are skin, cornea,
blood vessels, peripheral nerves, vocal cords, meniscus, and tendons
[5]. While there are many different types of light-activated glues, most
of them target collagen in the bonded tissue. However, not all tissues
are the same, and for this reason there can be unique tissue-specific
challenges that must be overcome to successfully bond the tissue
using light.

WHY IS NOT PHOTOBONDING TECHNOLOGY COMMONLY
USED?

The use of light to heal wounds has a number of advantages,
including reduced inflammation and scarring of tissues, as compared
to sutures [4, 8]. Photobonding technologies also immediately form
a tightly closed seal, which helps speed up healing. Photobonding
technologies are especially useful for the closure of delicate,
difficult-to-suture tissues, and for cases in which large tissue gaps are
present [4].

With so many advantages, why are these techniques not the norm?
Before photobonding wound closure techniques can become more
popular, they need to be made as accessible, inexpensive, and as
reliable as suturing in all applications. While the light-absorbing
molecules of these glues are relatively cheap, other components, such
as the target molecules, can be expensive. However, as the techniques
to prepare these expensive components improve, the cost will get
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lower. Also, before products can be produced, marketed, and used,
more controlled testing is needed to ensure that these new molecules
and techniques are safe.

In summary, the ideal tissue bonding technique should be simple, safe,
strong, and fast. Furthermore, it should ideally be inexpensive, painless,
and resultin a good-looking and healed wound. Several photobonding
techniques offer most of these requirements, but to become more
widely used, a little more work needs to be done to make them the
ideal treatment for human wounds in the future.
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